
 

  

 

Mississippi Valley Division,
Regional Planning and Environment Division South 

Pearl River Basin, Mississippi, Federal Flood Risk Management 
Project 

Appendix D - Endangered Species Act Coordination 

June 2024 

The U.S. Department of Defense is committed to making its electronic and information technologies accessible to individuals with disabilities 
in accordance with Section 508 of the Rehabilitation Act (29 U.S.C. 794d), as amended in 1998. For persons with disabilities experiencing 
difficulties accessing content, please use the form @ https://dodcio.defense.gov/DoDSection508/Section-508-Form/. In this form, please 
indicate the nature of your accessibility issue/problem and your contact information so we can address your issue or question. For more 
information about Section 508, please visit the DoD Section 508 website. https://dodcio.defense.gov/DoDSection508.aspx 

https://dodcio.defense.gov/DoDSection508.aspx
https://dodcio.defense.gov/DoDSection508/Section-508-Form


 
 

 

 

  

 

 

 

 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

I 

Pearl River Basin, Mississippi 

Federal Flood Risk 

Management Project 

Hinds and Rankin Counties, MS 

THREATENED and ENDANGERED 

SPECIES 

REVISED BIOLOGICAL 

ASSESSMENT 

June 2024 

The purpose of this Biological Assessment (BA) is to assess the effects of the Pearl 

River Flood Risk Management project and determine whether the project may affect any 

Federally threatened, endangered, proposed or candidate species. This BA is being 

prepared in accordance with legal requirements set forth under Section 7 (a) 2 of the 

Endangered Species Act (16 U.S.C. 1536 (c)). 
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1 Description of The Action 

1.1 Project Name 

Pearl River Basin, Mississippi, Federal Flood Risk Management Project, Hinds 

and Rankin Counties, MS (PR FRM). 

1.2 Introduction 

A Biological Assessment (BA) completed in 2019 as a part of the environmental 

review process for the Pearl River Basin, Mississippi Federal Flood Risk 

Management Project, Hinds and Rankin Counties, MS Draft Feasibility 

Study/Environmental Impact Statement (FS/EIS) included a review of literature 

and other pertinent scientific data, interviews, and coordination efforts for each of 

the mentioned threatened and endangered (T&E) species as originally identified 

by the U.S. Fish and Wildlife Service (The Service). The 2019 BA and Biological 

Opinion (BO) are incorporated by reference into this BA and were used during 

the preparation of this document. 

A search on The Services’ Information for Planning and Consulting (IPaC) site, 

conducted on March 21, 2023, resulted in a list of species that should be 

considered when assessing the impacts of this project. That list includes the Gulf 

sturgeon, ringed sawback (Ringed map) turtle, Northern long-eared bat, Pearl 

River map turtle, alligator snapping turtle, and monarch butterfly. Email 

correspondence with The Service dated March 21, 2023, confirmed this list, and 

concluded that the monarch butterfly, as a candidate species, has no legal 

regulations under the Endangered Species Act. However, On April 21, 2023, 

email correspondence with the Service stated that they had been informed that a 

listing decision on the monarch butterfly would be made very soon. Therefore, 

the USACE has decided to include the monarch butterfly in this BA. On April 10, 

2023, the Service informed USACE via email that the Louisiana pigtoe and the 

tricolored bat had been recently proposed for listing.  Therefore, those two 

species will also be discussed in this BA. Additionally, other protected species, 

specifically the bald eagle and migratory birds, are discussed to obtain 

compliance with the Bald and Golden Eagle Protection Act and the Migratory Bird 

Treaty Act. 

The Service requested velocity and sedimentation analysis be conducted within 

the Pearl River at the project site and downstream. USACE has committed to 

conducting this analysis during pre-construction engineering and design (PED) if 

a weir is included in the selected alternative for implementation. That being said, 

re-initiation of ESA consultation will be necessary during PED to accurately 

assess impacts to riverine species under consideration. 

1.3 Project Description 
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Alternative A1, a non-structural alternative, consists of elevating and 

floodproofing residential and non-residential structures within the future 100-year 

stage. 

Alternative C consists of the construction of channel improvements, demolition of 

the exiting weir near the J. H. Fewell WTP site, and construction of a new weir 

with a low-flow gate structure further downstream to ensure water supply while 

simultaneously creating an area of surface water, e.g., lake, for recreational 

opportunities, Federal levee improvements (excavated material plan), and 

upgrading an existing non-Federal ring levee with a slurry wall around the 

Savannah Street WWTP.  Construction of the project would require relocations 

and/or improvements to various public and private utilities and infrastructure, 

mitigation of potential HTRW and other hazardous waste sites within the 

floodplain, avoidance and minimization measures required under the ESA, and 

the creation of new habitat mitigation areas to offset losses within the project’s 

construction footprint areas under the FWCA. The project also has the potential 

to impact historic properties. 

The Alternative CTO (Combined There Of) provides similar flood risk reduction 

as the NFI Alternative C with a smaller footprint. It combines some non-structural 

features from Alternative A1, the construction of channel improvements, a new 

weir with a low-flow gate structure downstream for future potential water supply 

while simultaneously creating a lake area for recreational opportunities. Federal 

levee improvements are added to include an excavated material plan and raising 

an existing non-Federal ring levee (the Savannah Street WWTP Levee). A levee 

segment of approximately 1.5 miles is proposed on the west bank of the Pearl 

River in northeast Jackson near Canton Club Circle. 

Modifications also include construction of a weir upstream of the location 

identified for Alternative C, reducing excavation limits that reduces fill areas and 

thus environmental impacts throughout the project footprint. The new weir would 

have a lower elevation than proposed for alternative C as well as a reduction in 

the overbank excavation limits. 

See Annex D4 for details of each alternative. 

1.3.1 Location 

The project is located in portions of Hinds and Rankin Counties, Mississippi 

within what is referred to as the City of Jackson Metropolitan Area. The project 

area begins at river mile (RM) 293.5 and extends southward on either side of the 

Pearl River channel, to a point approximately 3.0 miles south of U.S. Interstate 

20 to RM 284.0. 

1.3.2 Description of project habitat 
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The Alternative C Project area consists of numerous habitat types to include the 

following: Emergent wetlands, lacustrine, mixed forested wetlands, mixed scrub-

shrub wetlands, riverine, upland evergreen forest, upland grassland, upland 

mixed forest, upland pasture, and upland scrub-shrub. It is assumed that the 

habitats within the CTO would be the same as for Alternative C since it falls 

within the same footprint. The Canton Club levee is outside of the Alternative C 

footprint, but habitat  has been identified as BLH. 

1.3.3 Project proponent information 

Requesting Agency 

DEPT OF DEFENSE (DOD) 

Army Corps of Engineers (COE) 

Tammy Gilmore 
7400 Leake Ave 
New Orleans, LA 70118 

504-862-1002 

tammy.f.gilmore@usace.army.mil 

Lead agency 

Same as Requesting Agency. 

1.3.4 Project purpose 

The primary purposes of the PR FRM Project are to reduce flood risk in the 

Jackson metropolitan area; reduce the flood risk to critical infrastructure, 

including the Savanna Street Wastewater Treatment Facility; and improve 

access to transportation routes, evacuation routes, and critical care facilities 

during flood events. 

1.3.5 Project type and deconstruction 

Currently the project is at approximately a 20% level of design such that many 

specifics for many of the components below have not yet been determined.  

Project timeline and sequencing - TBD 

Site preparation – Prior to construction 

Construction access and staging – Prior to, concurrent with, and post 

construction 

Post-project site restoration – Post construction 
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Conservation and compensation activities (both on- and off-site) – Prior to, 

concurrent with, and post construction. 

1.3.6 Anticipated environmental stressors 

1.3.6.1 Animal Features 

Alternative A-1 

Existing terrestrial wildlife habitat and the wildlife resources within the immediate 

area would be directly impacted  due to construction activities and associated 

noise. It is anticipated that the areas where there are currently existing structures 

would self-vegetate once the structures are removed. This newly developed 

habitat would support some terrestrial species. 

Alternative C 

Existing terrestrial wildlife habitat and wildlife resources within the Project Area 

would be directly impacted by the removal of forested wetlands and other 

terrestrial habitat that currently exists within the project area. Though the existing 

terrestrial habitats would be removed, aquatic habitats that replace them would 

be utilized by other wildlife species. 

Impacts to aquatic and fisheries resources associated with sedimentation during 

construction poses a risk. Best Management Practices would be implemented to 

reduce this risk, but potential sedimentation  could adversely affect food sources 

for aquatic species. This impact, however, would be temporary; and it is 

anticipated that overall available aquatic and fisheries habitat would increase as 

a result of the channel improvements, with the total area available for aquatic and 

fish habitat estimated at 2,562 acres, post-construction. However, approximately 

287 acres of the current riverine system would be replaced with a far larger lake 

system.  

Under this alternative, in spite of increased water surface, riverine obligates (fish, 

mussels, turtles, etc.)will not benefit because they will not use lakes or shorelines 

modified for recreation and could not survive under such conditions except in 

minimal areas where riverine flows are sustained. 

Disturbance from excavation and placement of material from within and adjacent 

to the river over approximately two years could also result in death of individuals 

if they are unable to flee the construction work area. This is especially relevant to 

young of year species and freshwater mussels. 

Compensation and mitigation measures, including habitat restoration activities, 

would be implemented to offset the intensity of these impacts during and after 

construction . A fish passage would be created around the relocated weir, which 

would increase the possibility for migrating aquatic species to utilize the Project 

Area provided connectivity to flowing waters is sustained. 
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CTO Alternative 

Alternative CTO with a weir 

It is assumed that, like Alternative C, construction of  CTO with a weir would 

likely eliminate riverine habitat that many aquatic and riverine species depend on. 

For this draft, a conservative approach is being taken, and the IMT is assuming 

the CTO with a weir would convert the riverine system within the project area to a 

lake-like system. Velocity analysis, like that conducted for Alternative C, is being 

conducted to better understand the potential impact of the CTO on the riverine 

system. That being said, forested wetlands and other terrestrial habitat would be 

converted to a lacustrine habitat type. 

Alternative CTO without a weir 

Impacts to terrestrial wildlife would be the same as with a weir. There would be 

no conversion of riverine habitat and so wildlife and fisheries dependent on 

aquatic systems would not be impacted. 

1.3.6.2 Aquatic Features 

Alternative A-1 

There would be no impacts to aquatic features due to implementation of 

Alternative A-1. 

Alternative C 

Existing surface water bodies within the channel improvement footprint, including 

the Pearl River channel itself and its tributaries, would be impacted by this 

alternative. 

Indirect impacts to adjacent waterbodies within the project area could also be 

anticipated through the implementation of Alternative C. Existing interconnections 

to adjoining waterbodies could be affected and existing inflow and outflow 

functions within the areas could also be affected. 

An approximate 2,562-acre lake would be created post construction.  This would 

increase the available aquatic features within the project area. However, 

approximately 287 acres of the current riverine system would be replaced by this 

lake system.  Riverine obligates (fish, mussels, turtles, etc.) will not use lakes or 

could not survive under such conditions. 

Alternative CTO 

Alternative CTO with a weir 

It is assumed that, like Alternative C, construction of the CTO with weir would 

likely eliminate riverine habitat that many aquatic species depend on. For this 

draft, a conservative approach is being taken, and the IMT is assuming the CTO 
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with a weir would convert approximately 232 acres of the riverine system within 

the project area to a lake-like system. An approximate 1,706-acre lake would be 

created post construction.  That being said, the impacts to aquatic features would 

be similar to those of alternative C except to a lesser degree. 

Alternative CTO without a weir 

Impacts on aquatic features would be reduced as the portion of the Pearl River 

within the project footprint would not be converted to a lake like system. 

1.3.6.3 Environmental Quality Features 

Alternative A-1 

There would be no impacts to water quality with the implementation of Alternative 

A-1. Construction activities would increase suspended particles (dust) into the 

air during construction.  This would cause temporary and minimal impacts to air 

quality. 

Alternative C 

This alternative could potentially result in direct, indirect, and cumulative impacts 

to water quality. These impacts would be temporary increases in turbidity and 

suspended solids in adjacent water bodies – the Pearl River and tributaries. The 

impacts to water quality due to this alternative are inconclusive due to the lack of 

data, modeling inaccuracies, and the usage of outdated modeling methodologies 

of the project area. There could be changes to temperature, dissolved oxygen 

(DO), ultimate carbonaceous biochemical oxygen demand (CBODU), total 

nitrogen (TN), ammonia-nitrogen (NH3-N), nitrate-nitrite (NOX), organic nitrogen 

(Org-N), total phosphorus (TP), orthophosphate (PO4), organic phosphorus (Org-

P), phytoplankton chlorophyll-a, and total suspended solids (TSS). These 

changes could increase susceptibility to impacts of Harmful Algal Blooms (HABs) 

and invasive aquatic species ranging from benthic species to plants to fish. 

The impacts to the air quality within the Project Area as a result of the 

implementation of Alternative C would be short-term, minor, adverse impacts 

during the construction period only, other than those of future recreational 

activities that would be addressed in future NEPA document(s). 

CTO Alternative 

Alternative CTO with a weir 

Impacts on environmental quality would be similar to those discussed for 

Alternative C. 

Alternative CTO without a weir 
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There would be temporary increases in turbidity and suspended solids in the 

Pearl River and tributaries during construction. Impacts to air quality would be 

similar to those discussed for Alt C. 

1.3.6.4 Landform (topographic) Features 

Alternative A-1 

There would be no impacts to landform features due to implementation of 

Alternative A-1. 

Alternative C 

The current topographic features in the project area include the Pearl River, 

natural ridges, Native American earthworks/mounds, existing levees, and 

agricultural fields. Some areas within the project footprint would be degraded to 

elevations lower than existing. Additionally, the disposal areas would result in 

increased elevations within those areas. 

CTO Alternative 

Alternative CTO with a weir 

Changes in landform features would be similar to those discussed for Alternative 

C except to a lesser degree. 

Alternative CTO without a weir 

Changes in landform features would be the same as those discussed for CTO 

with a weir. 

1.3.6.5 Soil and Sediment 

Alternative A-1 

Any potential for impacts to soils would be temporary in nature and would occur 

only during the period of construction during the elevation activities, demolition, 

and/or relocation activities. 

Alternative C 

Approximately 20 million cy of existing soils within the project area would be 

removed and placed in the designated disposal areas. Indirect impacts to soils 

within the Project Area could be anticipated because of ongoing operations and 

associated maintenance through the life of the project. There is potential for 

increased sedimentation in the river from the channel excavation. Best 

Management Practices would be implemented to reduce this. 

CTO Alternative 

Alternative CTO with and without a weir 
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Changes to soils due to this alternative would be similar to those discussed for 

alternative C except to a lesser degree. Approximately 14 million cy of existing 

soils within the project area would be removed and placed in the designated 

disposal areas. Sedimentation would be the same as for Alternative C. 

1.4 Action Area 

The Action Area consists of the Pearl River floodplain from the Ross Barnett 
Dam to just south of Byram and includes land in Madison, Rankin, and Hinds 
Counties, Mississippi. The study area is drained by several small creeks that are 
tributaries of the Pearl River. Small tributaries to the Pearl River within the Action 
Area include Town, Hanging Moss, Eubanks, Lynch, Richland, Hardy, Caney, 
Purple, and Hog Creeks. 

The Action Area includes the Pearl River Basin between River Mile (RM) 270.0 
just south of Byram (32°10'20.95"N 90°14'41.98"W), Mississippi, and RM 301.77 
at the dam of Ross Barnett Reservoir (32°24'39.58"N 90° 3'0.22"W) (Figure1). 
The Action Area also includes riparian areas adjacent to the river where 
construction activities would occur. 
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1.5 Conservation Measures 

Alternative A1 Not applicable 

Alternative C and CTO 

Conservation measures have not been identified as of yet. USACE is 
coordinating closely with the Service to develop conservation measures for each 
species as needed. 

1.6 Prior Consultation History 

The BA completed as a part of the environmental review process for the Draft 
FS/ESI included a review of literature and other pertinent scientific data, 
interviews and coordination efforts for each of the aforementioned T & E species 
as originally identified by the USFWS in correspondence dated June 8, 2004, 
and follow up coordination and listing reviews from 2015 through 2018. The listed 
species covered under that BA included the threatened Gulf sturgeon, the 
threatened Ringed Sawback (Ringed map) Turtle, the threatened Northern long-
eared bat and the threatened Wood stork. It also includes a review of the listing 
information for the recently listed Pearl Darter. Though no longer listed, it also 
includes a review and assessment of both the American bald eagle and the 
Louisiana black bear. 

The most recent consultation was completed on Oct 23, 2019, when The Service 
rendered a Biological Opinion (BO) (FWS Log #: 04EL1000- 2020-F-0109) that 
included an Incidental Take Statement requiring the USACE to implement 
reasonable and prudent measures that the Service considers necessary or 
appropriate to minimize the impacts of anticipated take on the ringed map turtle 
(Graptemys oculifera) and Gulf sturgeon (Acipenser oxyrhynchus desotoi). 
Since this opinion was issued, new data has revealed the presence of gulf 

sturgeon within the action area (Michael Andres, personal communication, 

January 12, 2023). In a letter dated Jan 18, 2023, the Service recommended the 

draft EIS reflect these recent findings, since the previous draft EIS and biological 

assessment incorrectly stated that gulf sturgeon were not likely to migrate into 

the project area for potential spawning. In addition, since only a conceptual 

design was provided for the fish passage channel in 2019, additional 

coordination is required with the Service to ensure Gulf sturgeon can 

successfully pass the new weir which would be considerably larger than the 

existing weir (2019 BO, Gulf Sturgeon RPM #2). Re-initiation of formal 

consultation will be required as the designs of the proposed alternatives and 

associated mitigation plans are currently not finalized. Development of the 

designs and mitigation plans will be coordinated with The Service. 
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1.7 Other Agency Partners and Interested Parties 

• Rankin Hinds Pearl River Flood & Drainage Control District 

• Environmental Protection Agency (EPA) Region 4 

• Mississippi Department of Environmental Quality (MDEQ) 

• Federal Emergency Management Agency (FEMA) Region IV 

• Mississippi Department of Wildlife Fisheries and Parks (MDWFP) 

• Mississippi Department of Marine Resources (MDMR) 

• Mississippi Natural Resources Conservation Service (MNRCS) 

• LA Department of Wildlife and Fisheries (LDWF) 

• LA Department of Environmental Quality (LDEQ) 

• Louisiana Department of Natural Resources (LDNR) 

• Louisiana Coastal Protection and Restoration Authority (CPRA) 

• U.S. Fish and Wildlife Service Jackson District 

• USFWS Lafayette District 

• Mississippi Department of Archives & History 

1.8 Other Reports and Helpful Information 

• 2019 Rankin Hinds Pearl River Flood and Drainage Control District 

Threatened and Endangered Species Biological Assessment 

• 2019 USFWS Threatened and Endangered Species Biological Opinion 

• Gulf Sturgeon Recovery/Management Plan 

• Ringed Sawback Turtle Recovery Plan 

• Species Status Assessment Report for the Northern long-eared bat 

• Species Status Assessment Report for the Pearl River map Turtle 

• Species Status Assessment Report for the Alligator Snapping Turtle 

• Species Status Assessment Report for the Louisiana pigtoe 

• Species Status Assessment Report for the tricolored bat 

2 Species Effects Analysis 

Alternative A1 is not expected to impact any of the listed species in the area and 

therefore will not be discussed further. 

2.1 Gulf sturgeon (Acipenser oxyrhynchus desotoi) 

2.1.1 Status of the species 

2.1.1.1 Legal status 

The Gulf Sturgeon is listed as Threatened under the Endangered Species Act 

(Federal Register Vol. 56, No. 189, September 30, 1991). 
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2.1.1.2 Recovery plans 

The most recent recovery plan available for the Gulf sturgeon is dated 

September 1995 (Annex D3). 

2.1.1.3 Life history information 

The Gulf sturgeon is an anadromous fish (ascending rivers from the sea for 

breeding) that have historically inhabited coastal rivers from the Mississippi in 

Louisiana to the Tampa Bay in Florida. The Gulf sturgeon is one (1) of two (2) 

geographically dispersed subspecies of the Atlantic Sturgeon (Acipenser 

oxyrhynchus). 

The Gulf sturgeon is characterized by a sub-cylindrical body that is imbedded 

with bony plates or “scutes”. The snout of the fish is greatly extended and 

bladelike and includes four (4) fleshy barbells in front of the mouth. The upper 

lobe of the tail is longer than the lower lobe. Adult specimens generally range in 

size from 1.8 to 2.4 meters (m) or six (6) to eight (8) feet in length. They are 

typically light brown to dark brown in color but are known to vary in color from 

grayish brown to bluish black on their back and sides, grading to white on their 

belly. 

Age at sexual maturity ranges from 8 to 12 years for females and 7 to 9 years for 

males (Huff 1975). The Gulf sturgeon is a long-lived species, with some 

individuals reaching at least 42 years in age (Huff 1975). 

The feeding habits of the Gulf sturgeon vary, depending upon the fish’s age (i.e., 
young-of-year, juvenile, sub-adult, adult) and is closely associated with migration 

and spawning habits. Throughout fall and winter, juveniles feed in the lower 

salinity areas in the river mouth and estuary (Sulak and Clugston 1999; Sulak et 

al. 2009), while subadults and adults migrate and feed in the estuaries and 

nearshore Gulf of Mexico habitat (Foster 1993; Foster and Clugston 1997; 

Edwards et al. 2003, 2007; Parkyn et al. 2007). Some Gulf sturgeon may also 

forage in the open Gulf of Mexico (Edwards et al. 2003). 

The Gulf sturgeon typically inhabits the coastal rivers of the Gulf of Mexicoduring 
the warmer months of the year and generally overwinters in estuaries and bay 
environments within the Gulf of Mexico. The adults move into the tributary rivers 
for spawning in the spring and return to the Gulf waters in the fall. Spawning 
occurs in the upper reaches of rivers, at least 100 km (62 miles) upstream of the 
river mouth (Sulak et al. 2004), in habitats consisting of one or more of the 
following: limestone bluffs and outcroppings, cobble, limestone bedrock covered 
with gravel and small cobble, gravel, and sand (Marchant and Shutters 1996; 
Sulak and Clugston 1999; Heise et al. 1999a; Fox et al. 2000; Craft et al. 2001; 
USFWS unpub. data 2005; Pine et al. 2006). These hard bottom substrates are 
required for egg adherence and shelter for developing larvae (Sulak and 
Clugston 1998). Documented spawning depths range from 1.4 to 7.9 m (4.6 to 26 

15 



 
 

 
 

 
  

 
  

 

    

  

   

 

 

  

  

  

    

  

   

  

 

   

 

 

 

 

 

  

 

   

 

ft) (Fox et al. 2000; Ross et al. 2000; Craft et al. 2001; USFWS unpub. data 
2005; Pine et al. 2006). 

Further details on life history can be found in Annex D3. 

2.1.1.4 Conservation needs 

There are currently no conservation plans for the Gulf sturgeon.  However, there 

is a Recovery Plan dated 1995 that includes an outline for recovery actions 

addressing threats to the Gulf sturgeon. Below are the main objectives. See 

Appendix D3 for further details. 

• Determine essential ecosystems, identify essential habitats, assess 

population status, and refine life history investigations in management unit 

rivers. 

• Protect individuals, populations, and their habitats. 

• Coordinate and facilitate exchange of information on Gulf sturgeon 

conservation and recovery activities. 

2.1.2 Environmental baseline 

2.1.2.1 Species presence and use 

Alternative C and CTO Alternative 

Recent studies for the Gulf sturgeon have not been conducted in this reach of the 

Pearl River and survey data from this area is not prevalent; however, in 2021, a 

Gulf sturgeon was detected above the waterworks weir in LeFleur's Bluff State 

Park and in 2022 the same sturgeon was detected closer to the spillway of Ross 

Barnet (Michael J. Andres, Ph.D., pers. comm. January 12, 2023). There are 

also unconfirmed sightings of Gulf sturgeon as far upstream as the City of 

Jackson, Mississippi, in Hinds County which is within the Action Area (Morrow et. 

al. 1996; Lorio 2000; Slack, pers. comm. 2002). There have been 24 Gulf 

sturgeon captured by commercial fishermen, eight of which being captured within 

the Action Area and the most recent of those captures occurring, a juvenile, in 

2008. 

The potential spawning habitat in the project area is believed to be minimal and 

significantly degraded due to the urbanization within the area and past flood 

control efforts. With the inclusion of the fish passage around the relocated weir, 

any adverse effects to potential spawning habitat thought to be associated with 

construction of the project would be minimized. There is no documented 

evidence that spawning activities occur within the project area. If there is 

spawning upstream of the weir, the presence of a reservoir without flow does 

cause large issues for juvenile fish. Post-hatching the sturgeon larvae go into a 

drift phase and if the velocities slow into a lake-like setting they will likely not 
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survive. They are not great swimmers at this life stage and if they end up in a 

reservoir they can be exposed to excess predators among other threats. 

2.1.2.2 Species conservation needs within the action area 

There are currently no conservation plans for the Gulf sturgeon.  However, there 

is a Recovery Plan dated 1995 that includes an outline for recovery actions 

addressing threats to the Gulf sturgeon. Below are the objectives that might be 

applicable to the action area. See Annex D3 for further details. 

• Survey, monitor, and model populations. 

• Reduce or eliminate unauthorized take. 

• Identify and eliminate known or potentially harmful chemical contaminants, 

and water quantity and water quality problems which could impede 

recovery of Gulf sturgeon. 

• Restore, enhance, and provide access to essential habitats. 

2.1.2.3 Habitat condition (general) 

Alternative C and CTO Alternative 

Although designated Gulf sturgeon critical habitat is the entire PR within the 
project area (~287 acres (Alt C) and ~232 acres (CTO)), the extent of potential 
habitat for use by the Gulf sturgeon, is estimated to be approximately 230 acres 
(~9.5 linear miles) within the confines of the existing Pearl River channel from 
just north of U.S. Highway 25 southward to the proposed weir location south of 
U.S. Interstate 20. Bedrock and limestone outcroppings that are typical of Gulf 
sturgeon spawning areas in other river systems do not occur here. However, 
within the Pearl River drainage, spawning areas likely include soapstone, hard 
clay, gravel and rubble areas, and undercut banks adjacent to these substrates 
(W. Slack, pers. comm. 2001). 

2.1.2.4 Influences 

Over-fishing, associated with the commercial uses, resulted in a significant 

decline in Gulf sturgeon numbers throughout most of the 20th century. Incidental 

catch of Gulf sturgeon in other fisheries occurred at significant levels during the 

same time periods. Habitat losses associated with the construction of water 

control structures including dams and sills along the Gulf of Mexico drainage 

basins have contributed to a decline in populations throughout the historic range. 

Dam construction in several of the rivers has severely restricted the sturgeon’s 

access to historic migration routes and spawning areas. Water quality such as 

pollution, temperature, and dissolved oxygen levels are also a threat. 

2.1.2.5 Additional baseline information 

There is no additional baseline information. 
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2.1.3 Effects of the action 

2.1.3.1 Indirect interactions 

Alternative C 

Until a vegetative cover is established along the excavated areas, all disturbed 
areas would be subject to erosion. This could potentially cause excess sediment 
to flow downstream approximately 1.6 miles south of the construction area and 
erosion could be exacerbated in that area until the riverbank has stabilized. The 
turbidity would be additive to any downstream riverbank erosion resulting from 
sediments being trapped behind the weir after its construction. Increased 
sediment and turbidity can result in decreased light penetration and decreased 
photosynthesis. Production of benthic organisms also can be reduced by high 
levels of sediment. 

With the construction of the 1,500-foot-wide weir structure and resulting 
impoundment from the weir, changes to the velocity and water surface elevation 
would occur within the Action Area. The weir has been designed to match the 
current discharge of the river; therefore, there should not be significant change in 
discharge after the target area has filled to the top of the weir. The migratory 
blockage caused by the weir structure could impact the sturgeon’s ability to swim 
north of the structure unless there are high water events; however, a fish 
passage channel has been included as part of the project design to minimize the 
impacts on aquatic species migration. Flow conditions would need to meet the 
needs of the species to allow for navigation of the passage. These conditions 
include water velocity that does not exceed the sturgeon’s swim speed and 
enough water flow levels for the species to be able to swim through it. 

Studies have shown that Gulf sturgeon cannot swim against currents greater 
than 1 to 2 meters per second (mps) (3 to 6 fps). Studies on fish passage 
attraction speed flow has shown that the recommended flow should be between 
2 and 4 fps with sustained swim speed ranges for sturgeon to be in the range 
of 3 to 4 fps (Cheong et al. 2006; White and Mefford 2002). At this time, there is 
only a conceptual model of the fish passage channel, approximately 1.4 miles 
long of a curving channel, with the possible velocities ranging anywhere from 1 to 
7 fps. The optimal velocities of 2 to 4 fps will be considered during detail design 
of the fish passage. Velocity analysis is needed to determine the indirect impacts 
to GS due to construction of the fish passage. This analysis would be conducted 
during PED. 

CTO Alternative 

Alternative CTO with a weir 

It is assumed that, like Alternative C, construction of the CTO with weir would 

likely eliminate riverine habitat that the GS depends on. For this draft a 

conservative approach is being taken and therefore this alternative would have 
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the same indirect impacts as Alternative C if a weir is included. Velocity analysis, 

like that conducted for Alternative C, is being conducted to better understand the 

potential impact of the CTO on the riverine system. 

Alternative CTO without a weir 

If a weir were not included, indirect impacts in the way of changes to water 
velocity, water surface elevation, and water quality may occur during high water 
events. This would not be much different from the current conditions during high 
water events and the impacts would be temporary and to a much lesser extent 
than with a weir. Impacts to the riparian zone would remain as excavation 
activities would still take place. 

2.1.3.2 Direct interactions 

Alternative C 

Approximately 287 acres of riverine habitat would be impacted by the channel 

excavation. While the construction activities are being conducted, the disturbance 

to the sediment would increase the turbidity in the river. Increased sediment and 

turbidity can result in decreased light penetration and decreased photosynthesis. 

High levels of sediment can settle on fish spawning areas and smother fish eggs 

and larvae. Sediments can settle on respiratory surfaces of fish and aquatic 

organisms and interfere with respiration. The increased sedimentation and 

turbidity in the river from the channel excavation and levee relocation would have 

impacts on the macroinvertebrate prey for any juvenile Gulf sturgeon that would 

be temporarily feeding in the Action Area. 

CTO Alternative 

Alternative CTO with a weir 

It is assumed that, like Alternative C, construction of the CTO with weir would 

likely eliminate riverine habitat that the GS depends on. For this draft a 

conservative approach is being taken and therefore this alternative would have 

the same direct impacts as Alternative C but to a lesser degree, if a weir is 

included. Velocity analysis, like that conducted for Alternative C, is being 

conducted to better understand the potential impact of the CTO on the riverine 

system. 

Alternative CTO without a weir 

If a weir is not included, direct impacts to GS would be due to temporary increase 
in sedimentation and decrease in water quality during construction due to overbank 
excavation. 

2.1.4 Cumulative effects 
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For purposes of consultation under ESA Section 7, cumulative effects are those 
caused by future state, tribal, local, or private actions that are reasonably certain 
to occur in the Action Area. Future Federal actions that are unrelated to the 
proposed action are not considered, because they require separate consultation 
under Section 7 of the ESA. At this time the USACE is unaware of any future 
state, tribal, local, or private non-Federal unrelated to the proposed action that 
are reasonably certain to occur in the Action Area. 

2.1.5 Discussion and conclusion 

Alternative C and CTO with a weir 

To offset or reduce impacts to Gulf sturgeon, a 1-mile fish passage would be 
constructed at the location of the new weir. This would allow for migration 
upriver that would have otherwise been cut off due to the weir. 

Based upon literature review, available survey data, the current status of the 
species, the environmental baseline for the action area, and the effects of the 
action, the USACE has determined that implementation of Alternative C and CTO 
with a weir are likely to adversely affect but not likely to jeopardize the continued 
existence of, the Gulf sturgeon. 

CTO Alternative without a weir 

Based upon literature review, available survey data, the current status of the 
species, the environmental baseline for the action area, and the effects of the 
action, USACE has determined that implementation of Alternative CTO without a 
weir may affect but is not likely to adversely affect the GS or GS critical habitat. 

2.2 Ringed Sawback (ringed map) Turtle (Graptemys oculifera) 

2.2.1 Status of the species 

2.2.1.1 Legal status 

The ringed sawback turtle is listed as threatened under the Endangered Species 

Act (Federal Register Vol. 51, No. 246, December 23, 1986). 

2.2.1.2 Recovery plans 

The most recent recovery plan available for the ringed map turtle is dated April 

1988. (Annex D3). 

2.2.1.3 Life history information 

The ringed map turtle is a small (7.5 to 22 cm) narrow-headed turtle with laterally 
compressed, black, spine-like vertebral projections and a slightly serrated 
posterior carapacial margin. The carapace is dark olive-green and each pleural 
has a broad yellow or orange circular mark. 
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The ringed map turtle is a wholly carnivorous species, with insects and mollusks 
constituting their principal diet. In addition, they are also thought to be 
opportunistic in their feeding habits with fish and carrion as occasional food 
sources. 

The ringed map turtle’s habitat is typically riverine with a moderate current and 
numerous basking structures. This species has also been observed in oxbow 
lakes that are connected or disconnected from the main river system, at densities 

10-fold lower than within riverine systems. 

Nesting habitat consists of large, high sand bars adjacent to the river. Sandbars 
range in size from 430 square feet (40 square meters) to over 2.2 acres (8,900 
square meters) and are generally composed of 39 percent open sand, 38 percent 
herbaceous vegetation, and 23 percent woody vegetation (Jones 2006). Nesting 
is initiated in May and ends in August with multiple (2 to 3) clutches per year 
being common. 

Average longevity estimates were 13.9 for females and 8.5 years for males. 
Males mature at about 4.6 years of age while females mature about 9.1 years of 
age (Jones 2017). 

Further details on life history can be found in Annex D3. 

2.2.1.4 Conservation needs 

There are currently no conservation plans for the ringed map turtle. However, 

there is a Recovery Plan dated 1988 that includes an outline for recovery actions 

addressing threats to the ringed map turtle. Below are the main objectives.  See 

Annex D3 for further details. 

• Protection of a total of 150 miles of the turtle's habitat in two reaches of 

the Pearl River. There must be a minimum of 30 miles in either reach with 

the total protected area totaling 150 river miles. 

• Evidence of a stable or increasing population over at least a ten-year 
period in these two Pearl River reaches. 

• An established, continuing plan of periodic monitoring of population trends 
and habitat to ensure a stable population in these river reaches. 

2.2.2 Environmental baseline 

2.2.2.1 Species presence and use 

Alternative C and CTO Alternative 

Populations are known to occur within the Pearl River system from the Neshoba 
County, Mississippi headwaters area, southward downstream through St. 
Tammany Parish, Louisiana. The ringed map turtle populations are restricted 
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primarily to the main channel of the Pearl River and the lower portions of its 
largest tributary, the Bogue Chitto River. To date, the highest densities of turtles 
have been documented in two survey areas, above the Ross Barnett Reservoir 
and below the Ross Barnett Reservoir dam southward to approximately MS 
Highway 25, upstream of the Project Area. Ringed map turtles are found 
throughout all reaches of the Pearl River within the Action Area, with lower 
numbers in the channelized sections of the river (just south of RM 293 to 
approximately RM 287). 

Approximately 40 percent of the proposed excavation area has little or 
no riparian habitat and little to no natural basking and feeding habitat, especially 
within the channelized portion. Selman (2018) found a greater concentration of 
turtles within forested riparian sites along this portion of the river. He also 
documented nest sites, turtle nesting crawls, and juvenile turtles all indicative of 
successful recruitment occurring in all stretches of the Action Area, including the 
area with reduced riparian habitat. It is estimated that a total of approximately 
5,108 turtles occur in the Action Area. 

2.2.2.2 Species conservation needs within the action area 

There are currently no conservation plans for the ringed map turtle. However, 

there is a Recovery Plan dated 1988 that includes an outline for recovery actions 

addressing threats to the ringed map turtle. Below are the objectives that might 

be applicable to the action area. Annex D3 contains further details. 

• Estimate number of ringed map turtles per mile in each of the study 

reaches. 

• Determine seasonal and daily activity. 

• Determine if the species moves any distance during its lifetime and 

barriers to such movement, if any. 

• Protect two river reaches from activities that would cause a decline of this 

species' population. 

• Develop and implement a monitoring plan to evaluate effectiveness of 

protective measures and to track population trends. 

2.2.2.3 Habitat condition (general) 

Alternative C and CTO 

Habitat for the ringed map turtle is typically riverine with a moderate current and 
numerous basking logs. Populations are typically most abundant in areas of the 
river that have moderate to fast currents with deep water and sand and gravel 
bottoms. It is also important that the riverine habitat include numerous basking 
logs located in direct sunlight and with large sparsely vegetated sandbars that 
provide nesting habitat. The river channel itself must be wide enough to allow 
sunlight to penetrate for several hours a day. Nesting habitat for the turtles 
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appears to be strictly limited to large, high sand and gravel bars located adjacent 
to the river channel. 

The project area contains habitat that has been previously manipulated by the 
construction of levee’s, channelization/straightening of the river, and elimination 
of a riparian buffer in places. Moreover, there is little natural basking habitat 
inside the project area. 

2.2.2.4 Influences 

Decline in populations of the ringed map turtle in certain areas of the 
Pearl River system have been attributed to habitat modifications, primarily 
associated with dredging and/or other navigational and flood control projects. 
Water quality degradation also seems to play an important role in population 
declines, over time, as has over-collecting of the species for the pet trade. In 
addition, recreational and other similar activities on the river may also cause 
habitat destruction, over time, especially as it relates to available nesting habitat 
on sandbars and/or the nesting activity itself. Predation of nests by raccoons, 
armadillos, and fish crows is also a threat to populations. The impact of human 
disturbance, primarily recreating (e.g., camping, picnicking, boating) to nesting 
turtles and/or nests has been pointed to as another source of decline in the 
population (Jones 2006; Jones 2017; Selman and Jones 2017). Direct mortality 
associated with recreational and commercial fishing and recreational boating has 
been identified as another impact to Graptemys populations (Bluté et al. 2010; 
Selman et al. 2013; Smith et al. 2018). Jones (2017) expressed a concern about 
those same activities impacting the ringed map turtle. 

2.2.2.5 Additional baseline information 

There is no additional baseline information. 

2.2.3 Effects of the action 

2.2.3.1 Indirect interactions 

Alternative C 

The establishment of an approximate 2,562-acre impoundment from weir 
construction would result in changes in the velocity and water surface elevation 
within the project area. Because the weir has been designed to match the current 
discharge of the river there should not be a significant change in discharge once 
flows begin overtopping the weir. The current lotic habitat would be replaced with 
a lentic habitat which has been proven by the Ross Barnett Reservoir to not 
support the persistence of the ringed map turtle. 

The riparian zone would be almost eliminated, and development is likely for most 
of the areas of fill surrounding the improved channel. This would eliminate 
available habitat and increase disturbance. There is potential for existing nests to 
be flooded during filling of the pool area behind the weir if this occurs from May to 
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October. Details of how the filling would be undertaken have not been finalized 
but would be coordinated with the Service. 

Free-flowing river reaches typically support a higher quality macroinvertebrate 
community while pool communities typically consist of relatively few taxa 
dominated by oligochaetes and chironomid larvae that are more tolerant of 
poorer water quality. Until recolonization of macroinvertebrates the competition 
for food resources within the channelized area would impact all ringed map 
turtles within the impoundment. 

Turtles downstream of the proposed weir are likely to experience short-term 
impacts associated with increased sediment/siltation on sandbars and basking 
material during construction. However, once sediment runoff issues have 
dissipated due to high streamflow events, it is expected that the habitat 
immediately downstream of the weir would remain suitable for the ringed map 
turtle. 

Fluctuations and stratifications in the water quality (e.g., DO) like what occurs in 
the Ross Barnett Reservoir (larger but similar in depth) could be expected. This 
could result in poorer and/or reduced food sources because of decreased water 
quality and the potential influence of contaminants. 

The fish -passage channel would provide approximately 1 mile (0.2 percent of 
the species range) of flowing water during low flow periods when the channelized 
area would experience low velocities. Depending on the width and velocities of 
this feature it could provide additional habitat for the ringed map turtle and would 
prevent isolation of the populations up and down stream of the weir. 

It is anticipated that downstream of the weir would experience some degree of 
instability that would occur over several years with the capture of small amounts 
of sediment. Impacts from this would result primarily from an increase in turbidity 
decreasing potential food sources. 

CTO Alternative 

Alternative CTO with a weir 

It is assumed that, like Alternative C, construction of the CTO with weir would 

likely eliminate riverine habitat that the ringed map turtle depends on. For this 

draft a conservative approach is being taken and therefore this alternative would 

have the same indirect impacts as Alternative C if a weir is included. Velocity 

analysis, like that conducted for Alternative C, is being conducted to better 

understand the potential impact of the CTO on the riverine system. 

Alternative CTO without a weir 
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If a weir is not included, indirect impacts would be due to changes to water 
velocity, water surface elevation, and water quality during high water events. This 
would not be much different from the current conditions during high water events 
and the impacts would be temporary during each event and to a much lesser 
extent than with a weir. 

2.2.3.2 Direct interactions 

Alternative C 

Disturbance from excavation of material from within and adjacent to the river over 
approximately two years could result in death of individuals if they are unable to 
escape the construction work area. Aquatic turtle research that focused on 
disturbances associated with construction found that aquatic turtles within a 
construction area would move up or downstream from the construction activity 
(Chen and Leu 2009; Plummer and Mills 2008). Therefore, it is reasonable to 
assume that many turtles currently found in the proposed impounded area would 
slowly move away from construction activities. Turtles in the construction area 
are expected to be disturbed in some form of alteration of normal feeding, 
basking, and nesting activities while channel excavation activities are taking 
place and they are displaced from the construction site. 

CTO Alternative 

Alternative CTO with a weir 

It is assumed that, like Alternative C, construction of the CTO with weir would 

likely eliminate riverine habitat that the ringed map turtle depends on. For this 

draft a conservative approach is being taken and therefore this alternative would 

have the same direct impacts as Alternative C if a weir is included. Velocity 

analysis, like that conducted for Alternative C, is being conducted to better 

understand the potential impact of the CTO on the riverine system. 

Alternative CTO without a weir 

If a weir is not included, direct impacts are expected by the way of the species 

avoiding the area during construction activities. Also, temporary impacts due to 

increased sedimentation and decreased water quality during construction 

activities. Additionally, there is the potential for some individuals being directly 

killed during overbank excavation activities. This would be mitigated by surveying 

the area during construction activities and relocating individuals and nests if 

found. 

2.2.4 Cumulative effects 

For purposes of consultation under ESA Section 7, cumulative effects are those 

caused by future state, tribal, local, or private actions that are reasonably certain 

to occur in the Action Area. Future Federal actions that are unrelated to the 
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proposed action are not considered, because they require separate consultation 

under Section 7 of the ESA. At this time the USACE is unaware of any future 

state, tribal, local, or private non-Federal unrelated to the proposed action that 

are reasonably certain to occur in the Action Area. 

2.2.5 Discussion and conclusion 

Alternative C and CTO with a Weir 

Previous consultation resulted in the following to offset or reduce direct losses of 
turtles due to construction.  However, USACE is currently coordinating with 
USFWS to determine if these measures are still applicable. Eggs would be 
relocated outside the construction area and protected from predators and  
approximately 0.03 percent of the total population would be relocated from 
Cypress Lake to the Pearl River. In addition, approximately 1 percent of the total 
population would be trapped, tagged, data collected, tracked, observed, and 
monitored in the Action Area population. 

Additional offsets to turtle losses that could be implemented as part of the Action 
include: (1) the creation and protection of 31 acres of nesting habitat and 
adjacent basking habitat and predator control; (2) the establishment and 
enforcement of no-wake zones to reduce boat strikes and disturbance during 
basking; (3) the placement of public access conditions to reduce disturbances to 
basking and nesting behaviors and habitats (4) the creation of an approximately 
1 mile fish by-pass, and (5) the protection of 10 miles of riverbank that would 
prevent the development and destruction of riparian habitat utilized by the turtle 
and also reduce nesting and basking disturbances. 

Based upon literature review and available survey data, and the effects of the 
action (both detrimental and mitigation activities proposed), the USACE has 
determined that implementation of Alternative C is likely to adversely affect but is 
not likely to jeopardize the continued existence of the ringed map turtle. 

Alternative CTO without a weir 

Based upon literature review and available survey data, and the effects of the 

action, although substantially less than that with a weir, the USACE has 

determined that implementation of Alternative CTO without a weir is likely to 

adversely affect but is not likely to jeopardize the continued existence of the 

ringed map turtle. This determination is due to the overbank excavation and the 

need to capture and relocate ringed map turtles. 

2.3 Northern long-eared bat (NLEB) (Myotis septentrionalis) 

2.3.1 Status of the species 

2.3.1.1 Legal status 
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The NLEB is listed as an endangered species under the Act (87 FR 73488 

November 30, 2022) 

2.3.1.2 Recovery plans 

There are currently no recovery plans for the NLEB. However, there is a SSA 

dated August 2022 (Annex D3). 

2.3.1.3 Life history information 

NLEB, a wide-ranging bat species, found in 37 states and 8 provinces in North 
America, typically overwinters in caves or mines and spends the remainder of the 
year in forested habitats. The NLEB individuals are typically approximately 3.0 to 
3.7 inches in length with a wingspan of approximately 9.0 to 10.0 inches. The bat 
is distinguished by its long ears, particularly when compared to the other bats in 
the same genus, Myotis. The primary diet for the NLEB is insects including 
moths, flies, leafhoppers, caddisflies, and beetles. 

Generalized annual life history diagram for NLEB (adapted from Silvis et al. 
2016, p. 1). 

2.3.1.4 Conservation needs 
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The SSA dated August 2022 includes conservation efforts for the NLEB. Below 

are the conservation efforts listed in the SSA. See Annex D3 for further details. 

• NLEB receives varying degrees of protection through state laws as it is 

designated as Endangered in Arkansas, Connecticut, Delaware, Indiana, 

Maine, Massachusetts, Missouri, New Hampshire, Vermont; Threatened in 

Georgia, Illinois, Louisiana, Maryland, New York, Ohio, Pennsylvania, 

Tennessee, Virginia, and Wisconsin; and Special Concern in Alabama, 

Iowa, Michigan, Minnesota, Mississippi, Oklahoma, South Carolina, South 

Dakota, West Virginia, and Wyoming. 

• Multiple national and international efforts are underway in attempt to 

reduce the impacts of white nose syndrome by determining the cause of 

the disease and reducing or slowing its spread. 

• Operational strategies at wind power facilities. 

• Forestry programs/forest management 

• Bat-friendly gates to protect important hibernation sites. 

2.3.2 Environmental baseline 

2.3.2.1 Species presence and use 

Alternative C and CTO Alternative 

Although the USFWS ECOS webpage does not include the counties of Hinds 

and Rankin as part of the NLEB range, the Service has identified what is referred 

to as the White-Nose Syndrome Buffer Zone that includes all areas within 150 

miles of the boundaries of U.S. counties or Canadian districts where the fungus 

has previously been detected. The established buffer zone includes both Hinds 

and Rankin Counties within the Project Area. 

At this point, the Service does not have survey data that would indicate what the 

migration patterns are for the NLEB. More specifically, little is known whether the 

available summertime woodland habitat present within the Project Area is being 

utilized by the NLEB. No existing data is available that would indicate that the 

NLEB currently utilizes the Project Area during the summer migration. 

2.3.2.2 Species conservation needs within the action area 

The SSA dated August 2022 includes conservation efforts for the NLEB.  Below 

are the conservation efforts listed in the SSA that might be applicable to the 

action area. See Annex D3 for further details. 

• NLEB receives protection through Mississippi state law as it is designated 

as Endangered in Mississippi. 

2.3.2.3 Habitat condition (general) 

Alternative C and CTO Alternative 
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NLEBs typically roost singly or in maternity colonies underneath bark or more 

often in cavities or crevices of both live trees and snags (Sasse and Pekins 1996, 

p. 95; Foster and Kurta 1999, p. 662; Owen et al. 2002, p. 2; Carter and 

Feldhamer 2005, p. 262; Perry and Thill 2007, p. 222; Timpone et al. 2010, p. 

119). Males’ and non-reproductive females’ summer roost sites may also include 
cooler locations, including caves and mines (Barbour and Davis 1969, p. 77; 

Amelon and Burhans 2006, p. 72). NLEBs are flexible in tree species selection 

and while they may select for certain tree species regionally, likely are not 

dependent on certain species of trees for roosts throughout their range; rather, 

many tree species that form suitable cavities or retain bark will be used by the 

bats opportunistically (Foster and Kurta 1999, p. 668; Silvis et al. 2016, p. 12; 

Hyzy 2020, p. 62). 

NLEBs are thought to predominantly overwinter in hibernacula that include caves 

and abandoned mines. NLEBs are typically found roosting singly or in small 

numbers in cave or mine walls or ceilings, often in small crevices or cracks. 

2.3.2.4 Influences 

The Northern Long-eared Bat (NLEB) is one of the species of bats that have 
been most impacted by the spread of the white- nose syndrome disease 
and has experienced significant declines in populations because of the spread of 
the disease. Secondary threats to the NLEB include the disturbance of roosts 
and hibernation areas, forest management practices, and forest habitat 
modifications (development, wind power development). 

2.3.2.5 Additional baseline information 

There is no additional baseline information. 

2.3.3 Effects of the action 

2.3.3.1 Indirect interactions 

Alternative C, CTO with a weir and CTO without a weir 

All alternatives would remove potential roosting and foraging habitat (forests and 

structures such as abandoned bridges) and could result in potential adverse 

effects to the NLEB. 

2.3.3.2 Direct interactions 

Alternative C, CTO with a weir, and CTO without a weir 

No direct interactions are anticipated as no existing data is available that would 
indicate that the NLEB currently utilizes the project area. However, if individuals 
were present during migration (summer months), and if construction activities 
were to take place at that time, it is safe to assume that the bats would avoid the 
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area due to construction activities. Additionally, if surveys are conducted and 
females are found using the area during maternity pup season (May 1 – July 31), 
any tree removal activities would be required to take place in the non-maternity 
season (August 1 – April 30). 

2.3.4 Cumulative effects 

For purposes of consultation under ESA Section 7, cumulative effects are those 

caused by future state, tribal, local, or private actions that are reasonably certain 

to occur in the Action Area. Future Federal actions that are unrelated to the 

proposed action are not considered, because they require separate consultation 

under Section 7 of the ESA. At this time the USACE is unaware of any future 

state, tribal, local, or private non-Federal unrelated to the proposed action that 

are reasonably certain to occur in the Action Area. 

2.3.5 Discussion and conclusion 

Alternative C, CTO with a weir, and CTO without a weir 

The project would not occur near or affect any known maternity roost trees but 
would remove potential roosting and foraging habitat and could result in potential 
adverse effects. Also, no existing data is available that would indicate that the 
NLEB currently utilizes the Project Area. Additionally, with the implementation of 
tree clearing restrictions, these impacts would be minimized or avoided. 
Accordingly, the USACE has determined that Alternative C, CTO with a weir, and 
CTO without a weir, may affect, but is not likely to adversely affect the NLEB. 

2.4 Pearl River Map Turtle (PRMT) (Graptemys pearlensis) 

2.4.1 Status of the species 

2.4.1.1 Legal status 

The current listing of the Pearl River map turtle is “Proposed Threatened” 

(Federal Register Vol. 86, No. 223, November 23, 2021, p66624). 

2.4.1.2 Recovery plans 

There are currently no recovery plans for the PRMT. However, there is a Species 

Status Assessment Report (SSA) dated April 2021 (Annex D3). 

2.4.1.3 Life history information 

The PRMT is endemic to the Pearl River drainage in Mississippi and Louisiana. 

Rankin and Hinds Counties are included in the Counties with known records for 

the species in the state of Mississippi. The occupied range of the PRMT includes 

portions of the Pearl River, West Pearl River, Bogue Chitto, East Pearl River, 

Yockanookany River, Strong River, Holmes Bayou, Pearl Navigation Canal, 

Lobutcha Creek, Tuscolometa Creek, Pelahatchie Creek, Purvis Creek, 
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Pushepatapa Creek, Topisaw Creek, Magees Creek, Hobolochitto Creek, and 

West Hobolochitto Creek. This species has also been reported in upper reaches 

of the Ross Barnett Reservoir. 

The PRMT is a moderate-sized highly aquatic turtle found in the Pearl River 

drainage area of Louisiana and Mississippi. Female PRMTs have an average 

carapace length of 295 mm, with the male PRMT having an average carapace 

length of 121 mm. The PRMT exhibits a high-domed shell with a median keel, 

featuring salient spines on the rear portions of the anterior vertebral scutes; 

although similar visually, the spines are considerably smaller to that of the ringed 

map turtles. A key distinguishing feature of the PRMT is the complete dark stripe 

along the median keel and the large yellow blotch created by the connection of 

the postorbital and interorbital blotches on the head. The background color of the 

carapace is olive green, with vermiculation and yellow pigmentation present. The 

plastron is generally flat and pale yellow with dark pigmentations along the 

seams. 

The PRMT is a wholly carnivorous species, with insects and mollusks constituting 

their principal diet. In addition, they are also thought to be opportunistic in their 

feeding habits with fish and carrion as occasional food sources. A recent study 

found that mature females consume mostly Asian clams (Corbicula fluminea), 

while males and unsexed juveniles eat insects, with mature males specializing in 

caddisfly larvae and consuming more mollusks than juveniles (Vuc̆enović and 
Lindeman 2020, entire). In fecal samples from a site on the Pearl River, the diet 

for both sexes of all sizes combined was composed of 44 percent fish, 25 percent 

mollusks, and 25 percent insects (McCoy and Vogt, unpubl. data reported in Lovich 

et al. 2009, p. 029.4). 

A study on the ringed map turtle (Graptemys oculifera), found that PRMTs were 

more frequently seen basking later in the afternoon than ringed map turtles, and 

suggested that more PRMTs might have been detected if more surveys were 

conducted after 3 pm (Dickerson and Reine 1996, p.8). 

PRMTs excavate nests and lay their eggs on sandbars and beaches along 

riverbanks during the late spring and early summer months. The time from 

deposition to nest emergence by hatchlings in natural clutches average 69.3 days. 

An average clutch size of 6.4 eggs with a range of 4-9 eggs was reported for the 

PRMT and stated that females probably produce multiple clutches per year (Ennen 

et al. 2016, pp. 094.4-094.6). 

Humans, alligators, alligator snapping turtles and otters are predators of adult 

PRMTs, with eggs and hatchlings more susceptible to small mammals, snakes, 

and crows. Red imported fire ants have also been documented invading turtle 
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nests in the southeastern United States and can cause nest failure and hatchling 

mortality (Buhlmann and Coffman 2001, entire). 

2.4.1.4 Conservation needs 

The SSA dated April 2021 includes conservation measures for the PRMT.  Below 

are the federal conservation measures listed in the SSA. See Annex D3 for 

further details. 

• The same recovery actions that are listed for the ringed sawback turtle 

could benefit the PRMT (see section 2.2.1.4). 

• The Clean Water Act of 1972 which encourages avoidance, minimizing 

and requires mitigation for unavoidable impacts to the aquatic 

environment and habitats. This includes protecting the riverine habitat 

occupied by the PRMT. 

• The Endangered Species Act (Act) could offer some protection as the 

PRMT likely receives ancillary protection where it co- occurs with other 

species listed under the ESA. 

• A Comprehensive Conservation Plan (CCP) has been developed under 

The National Wildlife Refuge System Administration Act (NWRAA) to 

provide the framework of fish and wildlife management on the Bogue 

Chitto National Wildlife Refuge (U.S. Fish and Wildlife Service 2011, 

entire). Within the CCP, specific actions are described to protect the 

ringed map turtle that will also benefit the PRMT which occurs on the 

Refuge. 

• The Sikes Act Improvement Act (1997) led to Department of Defense 

guidance regarding development of Integrated Natural Resources 

Management Plans (INRMP) for promoting environmental conservation on 

military installations. There are records of the PRMT from Stennis WMA 

(Buhlman 2014, pp. 11-12, 31-32). The U.S. Navy has developed an 

INRMP for the Stennis WMA (U.S. Navy 2011, entire). 

2.4.2 Environmental baseline 

2.4.2.1 Species presence and use 

Alternative C and CTO Alternative 

The project area is in Rankin and Hinds Counties, Mississippi which are included 

in the Counties with known records for the species in the state of Mississippi. 

This species has also been reported in upper reaches of the Ross Barnett 

Reservoir. 

PRMTs can be found within the project area despite the lack of a well-defined 

riparian buffer, lack of preferred habitat, sedimentation accumulation, relatively 

low stream velocities, lack of basking habitat, and a smaller percentage of 
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sandbars. It has been shown in studies that population densities for the species 

are higher above and below the project area. 

2.4.2.2 Species conservation needs within the action area 

The Species Status Assessment Report (SSA) dated April 2021 includes 

conservation measures for the PRMT.  Below are the state conservation 

measures that might be applicable to the action area. See Annex D3 for further 

details. 

• The same recovery actions that are listed for the ringed sawback turtle 

could benefit the PRMT (see section 2.2.2.2). 

• Protections under state law are limited to licensing restrictions for take for 

personal use of nongame species in need of management (which includes 

native species of turtles). A Mississippi resident is required to obtain one 

of three licenses for capture and possession of PRMTs. 

• The Mississippi Comprehensive Wildlife Action Plan (MMNS 2015, entire) 

includes recovery of species designated as Species of Greatest 

Conservation Need (SGCN) which includes the PRMT. 

2.4.2.3 Habitat condition (general) 

Alternative C and CTO 

PRMTs occur in sand and gravel-bottomed rivers and creeks with dense 

accumulations of deadwood; they have not been documented in oxbow lakes or 

other floodplain habitats. They were notably absent from lakes where the ringed 

map turtle is present but do occur at the upstream reach of Ross Barnett 

Reservoir (Lindeman 2013, p. 298). Emergent deadwood serves as 

thermoregulatory basking structure, foraging structure for males and juveniles 

(Selman and Lindeman 2015, pp. 794-795), and as an overnight resting place for 

males and juveniles (Cagle 1952, p. 227). PRMT density was greater on 

mainstem reaches and large tributaries than on small tributaries (Lindeman 2019, 

pp. 13-18). 

2.4.2.4 Influences 

Climate change, water quality, habitat degradation, invasive species, collection, 

and disease all influence the persistence of the species. 

Variability in climate may affect ecosystem processes and communities resulting 

in potential effects on community composition and individual species interactions 

(DeWan, et al., 2010, p. 7). These changes have the potential to impact PRMTs 

and/or their habitat. 

The dual stressors of climate change and direct human impact have the potential 

to impact aquatic ecosystems by altering stream flows and nutrient cycles, 
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eliminating habitats, and changing community structure (Moore et al. 1997, pp. 

942). 

Degradation of stream and wetland systems through reduced water quality and 

increased concentrations of contaminants can affect the occurrence and 

abundance of freshwater turtles (DeCatanzaro and Chow-Fraser 2010, p. 360). 

Dredging and channelization modify and destroy habitat for aquatic species by 

destabilizing the substrate, increasing erosion and siltation, removing woody 

debris, decreasing habitat heterogeneity, and stirring up contaminants which 

settle onto the substrate (Williams et al. 1993, pp. 7-8; Buckner et al. 2002, 

entire; Bennett et al. 2008, pp. 467-468). Considerably low densities of PRMTs 

were observed in the lower reaches of the Pearl, where much channelization and 

flow diversion has occurred (Lindeman 2019, pp. 23-29). 

Impoundment of rivers is a primary threat to aquatic species in the southeast 

(Folkerts 1997, p. 11; Buckner et al. 2002, entire). Dams modify habitat 

conditions and aquatic communities both upstream and downstream of an 

impoundment (Winston et al. 1991, pp. 103-104; Mulholland and Lenat 1992, pp. 

193-231; Soballe et al. 1992, pp. 421-474). Dams fragment habitat for aquatic 

species by blocking corridors for migration and dispersal, resulting in population 

geographic and genetic isolation and heightened susceptibility to extinction 

(Neves et al. 1997, unpaginated). 

The degree to which invasive species effect the PRMT has not been studied, but 

the diet of mature females may have been broader before the introduction of 

Asian Clams (Corbicula fluminea) and removal of invasive vegetation on 

sandbars has been suggested as nesting habitat management (Selman and 

Lindeman 2015, p. 794-795; Lindeman 2019, p. 33). 

Exploitation of PRMTs for the pet trade domestically and in Asian markets has 

been documented, but the degree of impact is unclear, as it is unknown whether 

captive individuals were Pascagoula ringed map turtles or PRMTs (Lindeman 

1998, p. 137; Cheung and Dudgeon 2006, p. 756; USFWS 2006, p. 2; Selman 

and Qualls 2007, p. 32-34; Ennen et al. 2016, p. 094.6). 

Ranaviruses are capable of infecting turtles. Aquatic turtles share habitat with 

susceptible fish and amphibian populations and as a result may be more at risk 

of infection than terrestrial turtles (Wirth et al. 2018, p. 6). 

2.4.2.5 Additional baseline information 

There is no additional baseline information. 

2.4.3 Effects of the action 

2.4.3.1 Indirect interactions 
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Alternative C 

The establishment of a 2,562-acre impoundment from weir construction would 
result in changes in the velocity and water surface elevation within the project 
area. Because the weir has been designed to match the current discharge of the 
river there should not be a significant change in discharge once flows begin 
overtopping the weir. The current lotic habitat would be replaced with a lentic 
habitat which would not support the persistence of the PRMT. 

The riparian zone would be almost eliminated, and development is likely for most 
of the areas of fill surrounding the improved channel. This would eliminate 
available habitat and increase disturbance. There is potential for existing nests to 
be flooded during filling of the pool area behind the weir if this occurs late spring 
to early summer months. Details of how the filling would be undertaken have not 
been finalized but would be coordinated with the Service. 

Free-flowing river reaches typically support a higher quality macroinvertebrate 
community while pool communities typically consist of relatively few taxa 
dominated by oligochaetes and chironomid larvae that are more tolerant of 
poorer water quality. Until recolonization of macroinvertebrates is the competition 
for food resources within the channelized area would impact any PRMTs within 
the impoundment. It is expected that there would be proportionally more of a 
decline of PRMTs than there would be of ringed sawback turtles as PRMTs are 
riverine obligates that have never been documented in lentic systems, while 
ringed map turtles have been observed in lentic environments, albeit with 
populations densities 10-fold less than riverine habitats. 

Turtles downstream of the proposed weir are likely to experience short-term 
impacts associated with increased sediment/siltation on sandbars and basking 
material during construction. However, once sediment runoff issues have 
dissipated due to high streamflow events, it is expected that the habitat 
immediately downstream of the weir would remain suitable for the PRMT. 

Fluctuations and stratifications in the water quality (e.g., DO) like what occurs in 
the Ross Barnett Reservoir (larger but similar in depth) could be expected. This 
could result in poorer and/or reduced food sources because of decreased water 
quality and the potential influence of contaminants. 

The fish -passage channel would provide approximately 1 mile (0.2 percent of 
the species range) of flowing water during low flow periods when the channelized 
area would experience low velocities. Depending on the width and velocities of 
this feature it could provide additional habitat for the PRMT and would prevent 
isolation of the populations up and down stream of the weir. 

It is anticipated that downstream of the weir would experience some degree of 
instability that would occur over several years with the capture of small amounts 
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of sediment. Impacts from this would result primarily from an increase in turbidity 
decreasing potential food sources. 

CTO Alternative 

Alternative CTO with a weir 

It is assumed that, like Alternative C, construction of the CTO with weir would 

likely eliminate riverine habitat that the PRMT depends on. For this draft a 

conservative approach is being taken and therefore this alternative would have 

the same indirect impacts as Alternative C if a weir is included. Velocity analysis, 

like that conducted for Alternative C, is being conducted to better understand the 

potential impact of the CTO on the riverine system. 

Alternative CTO without a weir 

Indirect impacts in the way of changes to water velocity, water surface elevation, 

and water quality may occur during high water events. This would not be much 

different from the current conditions during high water events and the impacts 

would be temporary and to a much lesser extent than with a weir. 

2.4.3.2 Direct interactions 

Alternative C 

Disturbance from excavation of material from approximately within and adjacent 
to the river over approximately two years could result in death of individuals if 
they are unable to escape the construction work area. Aquatic turtle research 
that focused on disturbances associated with construction found that aquatic 
turtles within a construction area would move up or downstream from the 
construction activity (Chen and Leu 2009; Plummer and Mills 2008). Therefore, it 
is reasonable to assume that many turtles currently found in the proposed 
impounded area would slowly move away from construction activities. Turtles in 
the construction area are expected to be disturbed in some form of alteration of 
normal feeding, basking, and nesting activities while channel excavation activities 
are taking place and they are displaced from the construction site. 

CTO Alternative 

Alternative CTO with a weir 

It is assumed that, like Alternative C, construction of the CTO with weir would 

likely eliminate riverine habitat that the PRMT depends on. For this draft a 

conservative approach is being taken and therefore this alternative would have 

the same direct impacts as Alternative C if a weir is included. Velocity analysis, 

like that conducted for Alternative C, is being conducted to better understand the 

potential impact of the CTO on the riverine system. 

36 



 
 

  

 

   

 

  

 

 

   

 

  

   

   

 

 
    

 
 

 
 

  
 

  
 

 
 

 
 

 
 

 

 

 

 

Alternative CTO without a weir 

Direct impacts are expected by the way of the species avoiding the area during 

construction activities. Also, temporary indirect impacts may occur by way of 

increased sedimentation and decreased water quality during construction 

activities. Additionally, there is the potential for some individuals being directly 

killed during overbank excavation activities. 

2.4.4 Cumulative effects 

For purposes of consultation under ESA Section 7, cumulative effects are those 

caused by future state, tribal, local, or private actions that are reasonably certain 

to occur in the Action Area. Future Federal actions that are unrelated to the 

proposed action are not considered, because they require separate consultation 

under Section 7 of the ESA. At this time the USACE is unaware of any future 

state, tribal, local, or private non-Federal unrelated to the proposed action that 

are reasonably certain to occur in the Action Area. 

2.4.5 Discussion and conclusion 

Alternative C and CTO with a weir 

Previous consultation resulted in the following to offset or reduce direct losses of 
turtles due to construction.  However, USACE is currently coordinating with 
USFWS to determine if these measures are still applicable. Eggs would be 
relocated outside the construction area and protected from predators and  
approximately 0.03 percent of the total population would be relocated from 
Cypress Lake to the Pearl River. In addition, approximately 1 percent of the total 
population would be trapped, tagged, data collected, tracked, observed, and 
monitored in the Action Area population. 

Additional offsets to turtle losses that could be implemented as part of the Action 
include: (1) the creation and protection of 31 acres of nesting habitat and 
adjacent basking habitat and predator control; (2) the establishment and 
enforcement of no-wake zones to reduce boat strikes and disturbance during 
basking; (3) the placement of public access conditions to reduce disturbances to 
basking and nesting behaviors and habitats (4) the creation of an approximately 
1 mile fish by-pass, and (5) the protection of 10 miles of riverbank that would 
prevent the development and destruction of riparian habitat utilized by the turtle 
and also reduce nesting and basking disturbances. 

Based upon literature review and available survey data, and the effects of the 

action (both detrimental and mitigation activities proposed), the USACE has 

determined that implementation of Alternative C or CTO with a weir is likely to 

adversely affect but is not likely to jeopardize the continued existence of the 

PRMT. 

Alternative CTO without a weir 
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Based upon literature review and available survey data, and the effects of the 

action, although tremendously less than that with a weir, the USACE has 

determined that implementation of Alternative CTO without a weir is likely to 

adversely affect but is not likely to jeopardize the continued existence of the 

PRMT. This determination is due to the overbank excavation and the need to 

capture and relocate PRMTs. 

2.5 Alligator Snapping Turtle (AST) (Macrochelys temminckii) 

2.5.1 Status of the species 

2.5.1.1 Legal status 

The current listing of the AST is “Proposed Threatened” (Federal Register Vol. 

86, No. 214/Tuesday, November 9, 2021). 

2.5.1.2 Recovery plans 

There are currently no recovery plans for the alligator snapping turtle. However, 

there is a SSA dated March 2021 (Annex D3). 

2.5.1.3 Life history information 

The AST is the largest freshwater species of turtle in North America and is among 

the most aquatic. ASTs are characterized as having a large head, long tail, and an 

upper jaw with a hooked beak. They have three keels with posterior elevations on 

the scutes of the carapace, which is dark brown and often found with algae growth 

adding to the overall camouflage of the turtle. The plastron is greyish brown in 

adults, and somewhat mottled with small whitish blotches in juveniles. The eyes 

are positioned on the side of the head, surrounded by small, pointed projections. 

The AST is found within river systems that flow into the Gulf of Mexico, extending 

from just before the Suwannee River in Florida to the San Antonio River in Texas. 

Currently, the species is known to occur in Alabama, Arkansas, Florida, Georgia, 

Illinois, Kentucky, Louisiana, Missouri, Mississippi, Oklahoma, Tennessee, and 

Texas. 

ASTs are usually associated with the deeper waters of large rivers, major 

tributaries, bayous, canals, swamps, lakes, ponds, and oxbows. Hatchlings and 

juveniles, in comparison, are usually associated with shallower waters. In general, 

the species uses shallower water in early summer and deeper depths in late 

summer and mid-winter, which may be a thermoregulatory shift (Fitzgerald and 

Nelson 2011). The presence of barnacles on some specimens may also indicate 

an ability to spend prolonged periods in brackish water (Jackson and Ross 1971, 

p.188-189). 
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AST males reach sexual maturity in 11-21 years and 13-21 years for females. 

Females have been observed to have no more than a single clutch per year in the 

wild, as well as not appearing to be particularly selective on nesting sites. Nesting 

sites have been observed across a range of distances from 8 to 656 ft from the 

nearest water source. ASTs exhibit temperature dependent sex determination 

within nest incubation temperatures. Nesting occurs between May to July with 

areas in the most southern ranges beginning in April and extending through May. 

ASTs exhibit sexual dimorphism with males being distinctively larger than females, 

and also displaying a larger anterior to vent tail length. 

ASTs are opportunistic scavengers and consume a variety of foods. Although fish 

comprise the majority of their diet, crayfish, mollusks, smaller turtles, insects, 

nutria, snakes, birds, and vegetations have also been reported (Elsey, 2006). The 

AST is the only turtle that uses a modified tongue appendage as a predatory lure 

to attract fish into range. 

Racoons, armadillos, opossums, and otters are all known to prey on AST nests. 

Predators of hatchlings are likely to include large fish, wading birds, otters, and 

alligators (Ernst and Lovich 2009, p. 149). Red imported fire ants (Solenopsis 

invicta) are also known to cause significant decline in hatching success. 

2.5.1.4 Conservation needs 

The SSA dated March 2021 includes conservation measures for the AST. Below 

are the conservation measures listed in the SSA.  See Annex D3 for further 

details on each. 

• Captive Rearing, Head-Starting, and Reintroductions 

• Integrated Natural Resource Management Plans 

• Predator exclusion structures 

2.5.2 Environmental baseline 

2.5.2.1 Species presence and use 

Alternative C and CTO Alternative 

ASTs were historically found in 14 states: Alabama, Arkansas, Florida, Georgia, 

Illinois, Indiana, Kansas, Kentucky, Louisiana, Missouri, Mississippi, Oklahoma, 

Tennessee, and Texas. Currently, the species is known to occur in Alabama, 

Arkansas, Florida, Georgia, Illinois, Kentucky, Louisiana, Missouri, Mississippi, 

Oklahoma, Tennessee, and Texas. ASTs are found in deeper waters and their 

major tributaries; however, their habitats have been known to extend into small 

streams, bayous, canals, swamps, lakes, reservoirs, ponds, and oxbows. The 

AST is usually associated with structure more so than open water. Riparian 

canopy cover is an important feature for the AST, as they typically select sites 

with a high percentage of coverage (Howey and Dinkelaker 2009). 
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The Service divides the AST range into seven (7) analysis units. The analysis 

unit focused on in relation to the project area is the Alabama unit which 

encompasses eastern Mississippi, western Alabama, and small parts of 

Louisiana and Florida. The Pearl River is listed under the Alabama unit as a 

water body that currently or historically supported ASTs. 

The Alabama Analysis unit has an estimated abundance of 200,000 (55.37%). It 

is estimated range wide that there is between 68,154 and 1,436,825 individuals 

with 55 percent of the turtles occurring in the Alabama analysis unit (USFWS. 

“Federal Register / Vol. 86, No. 214 / Tuesday, November 9, 2021). 

2.5.2.2 Species conservation needs within the action area 

The SSA dated March 2021 includes conservation measures for the AST. 

However, there are no conservation needs specific to the action area. 

2.5.2.3 Habitat condition (general) 

ASTs are associated with deeper water (usually large rivers, major tributaries, 

bayous, canals, swamps, lakes, ponds, and oxbows); with shallower water 

occupied in early summer and deeper depths in late summer and mid-winter, 

which represent a thermoregulatory shift (Ernst and Lovich 2009, p. 141). In 

comparison, hatchlings and juveniles tend to occupy shallower water. ASTs are 

also associated with structure (e.g., tree root masses, stumps, submerged trees, 

etc.); and may occupy areas with a high percentage of canopy cover undercut 

stream banks. 

2.5.2.4 Influences 

Adult harvest (legal and illegal), bycatch, habitat alteration, nest predation, 

climate change, and disease influence the existence of the AST. 

Although regulatory harvest restrictions have decreased the number of ASTs 

being harvested, populations have not necessarily increased in response. This 

lag in population response is likely due to the demography of the species, 

specifically delayed maturity, long generation times, and relatively low 

reproductive output. 

ASTs can be killed or harmed incidental to other fishing and recreational 

activities. Threats include capture as bycatch associated with commercial harvest 

of other species, ingestion of fishhooks and/or drowning when captured on 

trotlines (a fishing line strung across a stream with multiple hooks set at intervals) 

and limb lines (single hooks hung from branches), drowning from entanglement 

in various types of fishing line, and boat propeller strikes. 

Dams change the hydrology of streams and could impede dispersal and genetic 

interchange for this highly aquatic species, but impoundments can also provide 

habitat for the species (Pritchard 1989, p. 84). Other activities and processes that 
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can alter habitat include dredging, deadhead logging, removal of riparian cover, 

channelization, stream bank erosion, siltation, and land use adjacent to rivers 

(e.g., clearing land for agriculture). 

Nest predation rates for the AST are high. Small mammals and red fire ants are 

known to prey on the nests. In 2008, one of five AST nests investigated in 

Louisiana was infested by the phorid fly Megaselia scalaris (snapping turtles; 

Holcomb and Carr 2011b, entire). 

Climate change might impact the AST in several ways, including loss of habitat to 

sea level rise for those populations near coastal areas, impacts of drought on 

habitat and water availability, and physiological impacts on sex determination. 

Climate conditions also appear to limit the distribution of ASTs. 

Chaffin et al. (2008, entire) captured and assessed the health of 97 free-ranging 

ASTs across nine sites in northwestern Florida and southwestern Georgia 

between 2001 and 2006. Assessed ASTs had shell abnormalities, including 

worn, cracked, or broken scutes, fresh or healed wounds resulting from trauma, 

missing portions of the tail, missing portions of the beak, missing portions of 

claws, and leech infestation (Chaffin et al. 2008, p. 674). Protozoan parasites 

transmitted by leeches, were found in all but one turtle assessed. Herpes was the 

only pathogen detected, but none of the individuals were showing symptoms. 

Mercury was also detected in the blood in 93% of samples. 

2.5.2.5 Additional baseline information 

There is not additional baseline information. 

2.5.3 Effects of the action 

2.5.3.1 Indirect interactions 

Alternative C 

Indirect impacts associated with the project would include the potential for 

degradation of water quality, loss of woody debris, nesting habitat loss due to 

flooding, nest predation issues and increases in bycatch due to recreation 

increase. There are also concerns about the potential impacts of the project on 

other species that rely on the same habitat as the AST. For example, the project 

and associated infrastructure could temporarily impact local fish populations, 

which in turn may impact the local turtle population as these fish populations are a 

primary food source for the AST. 

Potential benefits of the project for the AST include the creation of a new, more 

suitable, and desirable habitat when compared to existing conditions. The 

construction of the project and associated infrastructure could provide new areas 

of deep, permanent water with a soft substrate for nesting. However, the 

recreational benefits that are anticipated to be implemented by the NFI could have 
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adverse impacts by the way of increase in fishing bycatch on trotlines, limblines, 

and rod/reel. Implementing fishing regulations (i.e., no set lines or commercial 

nets) would reduce AST mortality due to these actions. 

CTO Alternative 

Alternative CTO with a weir 

It is assumed that, like Alternative C, construction of the CTO with weir would 

likely eliminate riverine habitat that the AST depends on. For this draft a 

conservative approach is being taken and therefore this alternative would have 

the same indirect impacts as Alternative C if a weir is included. Velocity analysis, 

like that conducted for Alternative C, is being conducted to better understand the 

potential impact of the CTO on the riverine system. 

Alternative CTO without a weir 

Indirect impacts in the way of changes to water velocity, water surface elevation, 

and water quality may occur during high water events. This would not be much 

different from the current conditions during high water events and the impacts 

would be temporary and to a much lesser extent than with a weir. The benefits 

would not be realized if a weir were not constructed. 

2.5.3.2 Direct interactions 

Alternative C 

Disturbance from excavation of material from within and adjacent to the river over 

approximately two years could result in death of individuals if they are unable to 

escape the construction work area. Aquatic turtle research that focused on 

disturbances associated with construction found that aquatic turtles within a 

construction area would move up or downstream from the construction activity 

(Chen and Leu 2009; Plummer and Mills 2008). Therefore, it is reasonable to 

assume that many turtles currently found in the proposed impounded area would 

slowly move away from construction activities. Turtles in the construction area 

are expected to be disturbed in some form of alteration of normal feeding, 

basking and nesting activities while channel excavation activities are taking place 

and they are displaced from the construction site. 

The construction of the flood control project and associated infrastructure could 

temporarily alter habitat conditions, leading to a decline in the AST population. In 

addition, the project could also potentially impact the AST through temporary 

changes in water quality. Impacts include removal of natural buffers that would 

impact water quality, and a slight decrease and less variation of dissolved 

oxygen concentrations. 

CTO Alternative 
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Alternative CTO with a weir 

It is assumed that, like Alternative C, construction of the CTO with weir would 

likely eliminate riverine habitat that the AST depends on. For this draft a 

conservative approach is being taken and therefore this alternative would have 

the same direct impacts as Alternative C if a weir is included. Velocity analysis, 

like that conducted for Alternative C, is being conducted to better understand the 

potential impact of the CTO on the riverine system. 

Alternative CTO without a weir 

If a weir is not included, direct impacts are expected by the way of the species 

avoiding the area during construction activities. Also, direct impacts by way of 

increased sedimentation and decreased water quality may occur during 

construction activities. Additionally, there is the potential for some individuals 

being directly killed during overbank excavation activities. 

2.5.4 Cumulative effects 

For purposes of consultation under ESA Section 7, cumulative effects are those 

caused by future state, tribal, local, or private actions that are reasonably certain 

to occur in the Action Area. Future Federal actions that are unrelated to the 

proposed action are not considered, because they require separate consultation 

under Section 7 of the ESA. At this time the USACE is unaware of any future 

state, tribal, local, or private non-Federal unrelated to the proposed action that 

are reasonably certain to occur in the Action Area. 

2.5.5 Discussion and conclusion 

Alternative C and CTO with a weir 

While the project raises concerns about the potential adverse impacts on the 

AST and environment, the potential benefits should also be considered. It is 

possible that the project would create an overall more desirable habitat for the 

species when compared to current habitat options within the project area. The 

project in general would provide more permanent deep-water habitat, potentially 

increase water quality, and increase the available soft substrate for nesting. 

However, the recreational benefits that are anticipated to be implemented by the 

NFI could have adverse impacts by the way of increase in fishing bycatch on 

trotlines, limblines, and rod/reel. Implementing fishing regulations (i.e., no set 

lines or commercial nets) would reduce AST mortality due to these actions. 

Based upon literature review and available survey data, and the effects of the 

action (both detrimental and beneficial activities proposed), the USACE has 

determined that implementation of Alternative C and CTO with a weir is likely to 

adversely affect but not likely to jeopardize the continuing existence of the AST. 

Alternative CTO without a weir 
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Based upon literature review and available survey data, and the effects of the 

action, although substantially less than that with a weir, USACE has determined 

that implementation of Alternative CTO without a weir is likely to adversely affect 

but not likely to jeopardize the continuing existence of the AST. This 

determination is due to the fact that some individuals could be killed during 

overbank excavation activities. 

2.6 Tricolored Bat (TCB) (Perimyotis subflavus) 

2.6.1 Status of the species 

2.6.1.1 Legal status 

The current listing of the Tricolored bat is “Proposed Endangered” (88 FR 16776, 

March 20, 2023, p16776-16832). 

2.6.1.2 Recovery plans 

There are currently no recovery plans for the tricolored bat. However, there is a 

SSA dated December 2021 (Annex D3). 

2.6.1.3 Life history information 

TCB is one of the smallest bats in eastern North America and is distinguished by 

its unique tricolored fur that appears dark at the base, lighter in the middle, and 

dark at the tip (Barbour and Davis 1969, p. 115). TCB primarily roost in foliage of 

live and dead trees in the spring, summer, and fall, and hibernate in caves and 

other subterranean habitats during the winter. TCB are opportunistic feeders 

feeding on small insects such as moths, beetles, flies, wasps, and flying ants. 

TCB are known to occur in 39 states, one of which is Mississippi, Washington 

D.C., 4 Canadian Provinces, Guatemala, Honduras, Belize, Nicaragua, and 

Mexico. 
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Generalized annual life history diagram for TCB (adapted from Silvis et al. 2016, 

p. 1). 

2.6.1.4 Conservation needs 

The SSA dated December 2021 includes conservation efforts for the TCB. 

Below are the conservation efforts listed in the SSA.  See Annex D3 for further 

details. 

• TCB could receive varying degrees of protection through state and federal 

laws once the listing decision is made. 

• Multiple national and international efforts are underway in attempt to 

reduce the impacts of white nose syndrome by determining the cause of 

the disease and reducing or slowing its spread. 

• Operational strategies at wind power facilities. 

• Forestry programs/forest management 

• Bat-friendly gates to protect important hibernation sites. 

2.6.2 Environmental baseline 

2.6.2.1 Species presence and use 
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Alternative C and CTO Alternative 

The tricolored bat is widespread throughout MS, and they can be found in many 

different habitat types throughout the year. The presence in the project area is 

not known at this time. However, it is safe to assume that the TCB may use the 

area for foraging, roosting and potentially wintering. 

2.6.2.2 Species conservation needs within the action area 

The SSA dated December 2021 includes conservation efforts for the TCB. 

However, conservation efforts within the action area have not yet been 

determined. 

2.6.2.3 Habitat condition (general) 

Alternative C and CTO Alternative 

TCB seem to be opportunistic roosters and roost in live and dead leaf clusters of 

deciduous hardwood trees, Spanish moss, pine needles, eastern red cedar, 

barns, beneath porch roofs, bridges, concrete bunkers, and rarely within caves. 

TCB have been documented overwintering in caves, mines, rock crevices, talus, 

tunnels, bunkers, basements, bridges, aqueducts, trees, earthen burrows, leaf 

litter, and a variety of other roosts. For bats to hibernate successfully, the most 

important conditions are relatively stable- low temperatures, but generally above 

freezing, and high humidity. 

2.6.2.4 Influences 

The TCB has been impacted by the spread of the WNS disease and has 

experienced significant declines in populations because of the spread of the 

disease. Other threats to the TCB include wind related mortality due to wind 

power development, climate change, and habitat loss. 

2.6.2.5 Additional baseline information 

There is no additional baseline information. 

2.6.3 Effects of the action 

2.6.3.1 Indirect interactions 

Alternative C, CTO with a weir, and CTO without a weir 

Indirect impacts would be due to the removal of potential roosting and foraging 

habitat (forests and structures such as abandoned bridges) and could result in 

potential adverse effects. Although WNS is the primary cause of decline in the 
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TCB population, habitat removal in the area could compound the impacts on the 

population. 

2.6.3.2 Direct interactions 

Alternative C, CTO with a weir, and CTO without a weir 

Since the TCB is widespread throughout MS, there are no existing survey data 

for the project area, and they can be found in many different habitat types 

throughout the year, it is difficult to determine the direct impacts to the species at 

this time. However, if individuals are present at the time of construction, it is safe 

to assume that construction activities would cause the bats to flee the area.  If 

construction activities take place during the winter (during hibernation), and 

individuals are present, then disturbance could result in increased arousals and 

energy expenditure during a time when food and water resources are likely 

scarce. Additionally, if surveys are conducted and TCB are found using the area, 

then tree removal activities for the project would not take place during the pup 

season (May 1 – July 31) or during the torpor season (December 15 - February 

15). 

2.6.4 Cumulative effects 

For purposes of consultation under ESA Section 7, cumulative effects are those 

caused by future state, tribal, local, or private actions that are reasonably certain 

to occur in the Action Area. Future Federal actions that are unrelated to the 

proposed action are not considered, because they require separate consultation 

under Section 7 of the ESA. At this time the USACE is unaware of any future 

state, tribal, local, or private non-Federal unrelated to the proposed action that 

are reasonably certain to occur in the Action Area. 

2.6.5 Discussion and conclusion 

Alternative C, CTO with a weir, and CTO without a weir 

USACE has conducted literature reviews and is in coordination with the Service. 

Due to the lack of available survey data, and the fact that the TCB is widespread 

in Mississippi, the USACE will be conservative and assume that TCBs are 

utilizing the area. 

If TCBs are utilizing the area, particularly for hibernation, all alternatives would 

not only remove roosting and foraging habitat but could also disturb hibernating 

bats potentially resulting in death of individuals. However, with the 

implementation of tree clearing restrictions, these impacts would be minimized or 

avoided. Based upon literature review and the effects of the action, the USACE 

has determined that implementation of Alternative C, CTO with a weir, and CTO 

without a weir may affect but is not likely to adversely affect the TCB. 

2.7 Louisiana Pigtoe (LA pigtoe) (Pleurobema riddellii) 
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2.7.1 Status of the species 

2.7.1.1 Legal status 

The current listing of the Louisiana pigtoe mussel is “Proposed Threatened” (87 

FR 56381, Sept 14, 2022, p56381-56393). 

2.7.1.2 Recovery plans 

There are currently no recovery plans for the Louisiana pigtoe. However, there is 

a SSA dated February 2022 (Annex D3). 

2.7.1.3 Life history information 

The LA pigtoe is a medium-sized freshwater mussel (shell lengths to greater than 

62 mm) with a brown to black, triangular to subquadrate shell without external 

sculpturing, sometimes with greenish rays. They occur in gravel and coarse 

sandy substrates of rivers and streams. Mussels are filter feeders that rely on 

natural, high quality (pollutant free) flowing water of sufficient volume to support 

their life cycle, and that of their host fishes, which are essential for reproduction. 

The range of the LA pigtoe extends into portions of east Oklahoma, southeast 

Arkansas, south Louisiana, and west Mississippi. Louisiana PA pigtoe currently 

occupies areas across seven major river basins (San Jacinto, Neches, Sabine, 

Big Cypress-Sulphur, Red, Calcasieu-Mermentau, and Pearl). However, within 

the Pearl River, the LA pigtoe is only found in the project area and a portion of 

the west Pearl. 

Degraded water quality, altered hydrology, substrate changes, habitat 

fragmentation, direct mortality, invasive species, and climate change all influence 

the existence of the LA pigtoe. The remaining populations are in low condition 

and are therefore particularly vulnerable to extirpation. 

2.7.1.4 Conservation needs 

The SSA dated February 2022 does not include conservation efforts for the LA 

pigtoe. 

2.7.2 Environmental baseline 

2.7.2.1 Species presence and use 

Alternative C and CTO Alternative 

The LA pigtoe is only found in the Pearl River within the project area and a 

portion of the west Pearl. 

2.7.2.2 Species conservation needs within the action area 
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The SSA dated February 2022 does not include conservation efforts for the LA 

pigtoe. 

2.7.2.3 Habitat condition (general) 

According to the February 2022 SSA, LA pigtoe occur in medium to large 

streams and rivers, requiring 1) flowing water of sufficient quantity and quality 2) 

adequate food supply, 3) habitat that provides refugia from both high- and low-

flow events, 4) appropriate substrate that is generally characterized as stable and 

free of excessive fine sediment, 5) access to appropriate fish hosts, and 6) 

habitat connectivity (i.e., lack of impoundments and other barriers to fish pass). 

Louisiana Pigtoe occurs in medium to large-sized streams and rivers in flowing 

waters (0.3-1.4 m/s) over substrates of cobble and rock or sand, gravel, cobble, 

and woody debris; they are often associated with riffle, run, and sometimes larger 

backwater tributary habitats (Ford et al. 2016, pp. 42, 52; Howells 2010a, p. 3-4; 

Williams et al. 2017b, p. 21). 

2.7.2.4 Influences 

Degraded water quality, altered hydrology, substrate changes, habitat 

fragmentation, direct mortality, invasive species, and climate change all influence 

the existence of the Louisiana LA pigtoe. 

2.7.2.5 Additional baseline information 

There is no additional baseline information. 

2.7.3 Effects of the action 

2.7.3.1 Indirect interactions 

Alternative C 

Indirect impacts due to changes in the velocity and water surface elevation are 
anticipated. The current lotic habitat would be replaced with a lentic habitat which 
would eliminate available habitat and host fishes. LA pigtoes downstream of the 
proposed weir are likely to experience short-term impacts associated with 
increased sediment/siltation associated with construction activities. However, 
once sediment runoff issues have dissipated due to high streamflow events, it is 
expected that the habitat immediately downstream of the weir would remain 
suitable for the LA pigtoe. It is anticipated that downstream of the weir would 
experience some degree of instability that would occur over several years with 
the capture of small amounts of sediment. Impacts from this would result in a 
river bottom shift and would bury mussel beds which would then result in 
suffocation of individuals. The increase in turbidity and decreasing water quality 
would also impact potential host fishes. The population is in low condition and 
are therefore particularly vulnerable to extirpation. 
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CTO Alternative 

Alternative CTO with a weir 

It is assumed that, like Alternative C, construction of the CTO with weir would 

likely eliminate riverine habitat that the LA pigtoe depends on. For this draft a 

conservative approach is being taken and therefore this alternative would have 

the same indirect impacts as Alternative C if a weir is included. Velocity analysis, 

like that conducted for Alternative C, is being conducted to better understand the 

potential impact of the CTO on the riverine system. 

Alternative CTO without a weir 

If a weir is not included, indirect impacts would be due to changes to water 

velocity, water surface elevation, and water quality  during high water events. 

This would not be much different from the current conditions during high water 

events and the impacts would be temporary and to a much lesser extent than 

with a weir. 

2.7.3.2 Direct interactions 

Alternative C 

Direct impacts by way of death are anticipated due to implementation of 

Alternative C. Excavation of material from within the river over approximately two 

years would result in death of individuals as well as displacement of host fishes. 

CTO Alternative 

Alternative CTO with a weir and without a weir 

Temporary direct impacts by the way of increased sedimentation and decreased 

water quality during construction activities. Burying of individuals or mussel beds 

is possible during this time of increased sedimentation. Best management 

practices would be implemented to minimize these impacts. 

2.7.4 Cumulative effects 

For purposes of consultation under ESA Section 7, cumulative effects are those 

caused by future state, tribal, local, or private actions that are reasonably certain 

to occur in the Action Area. Future Federal actions that are unrelated to the 

proposed action are not considered, because they require separate consultation 

under Section 7 of the ESA. At this time the USACE is unaware of any future 

state, tribal, local, or private non-Federal unrelated to the proposed action that 

are reasonably certain to occur in the Action Area. 

2.7.5 Discussion and conclusion 

Alternative C and CTO with a weir 
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Based upon literature review and available survey data, and the effects of the 

action, the USACE has determined that implementation of Alternative C or CTO 

with a weir is likely to adversely affect but is not likely to jeopardize the continued 

existence of the Louisiana pigtoe. 

Alternative CTO without a weir 

Based upon literature review and available survey data, and the effects of the 

action, the USACE has determined that implementation of Alternative CTO 

without a weir may affect but is not likely to adversely affect the Louisiana pigtoe. 

2.8 Monarch Butterfly (Danaus plexippus) 

2.8.1 Status of the species 

2.8.1.1 Legal status 

The monarch butterfly is currently a candidate species. 

2.8.1.2 Recovery plans 

There are currently no recovery plans for the monarch butterfly. However, there 

is a SSA dated September 2020 (Annex D3). 

2.8.1.3 Life history information 

Adult monarch butterflies are large (3 to 4 inches) and conspicuous, with bright 

orange wings surrounded by a black border and covered with black veins. The 

black border has a double row of white spots, present on the upper side of the 

wings. Milkweed and flowering plants are needed for monarch habitat. Adult 

monarchs feed on the nectar of many flowers during breeding and migration, but 

they can only lay eggs on milkweed plants. 

Migratory individuals in eastern North America predominantly fly south or 

southwest to mountainous overwintering grounds in central Mexico, and 

migratory individuals in western North America generally fly shorter distances 

south and west to overwintering groves along the California coast into northern 

Baja California (Solensky 2004). 

The eastern population of monarchs overwinter in Mexico, where this 

microclimate is provided by forests primarily composed of oyamel fir trees (Abies 

religiosa). Migratory monarchs in the western population primarily overwinter in 

groves along the coast of California and Baja California which include blue gum 

eucalyptus (Eucalyptus globulus), Monterey pine (Pinus radiata), and Monterey 

cypress (Hesperocyparis macrocarpa) (Griffiths and Villablanca 2015). 

Monarch butterflies are found throughout North America and are highly likely to 

utilize portions of the project area. 

2.8.1.4 Conservation needs 
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The Species Status Assessment Report, version 2.1 dated September 2020 

discusses conservation efforts for the monarch butterfly. Below is a brief 

summary.  See Annex D3 for further details. 

• Protection, restoration, enhancement, and creation of habitat is a central aspect 

of recent monarch conservation strategies. 

• Improved management at overwintering sites in California has also been targeted 

to improve the status of western North American monarch butterflies (Pelton et 

al. 2019; WAFWA 2019). 

• The Western Monarch Butterfly Conservation Plan which includes 

protecting and managing 50% of all currently known and active monarch 

overwintering sites, including 90% of the most important overwintering sites by 

2029. 

• Providing a minimum of 50,000 additional acres of monarch-friendly habitat in 

California’s Central Valley and adjacent foothills by 2029. 

• It also includes overwintering and breeding habitat conservation strategies, 

education and outreach strategies, and research and monitoring needs. 

2.8.2 Environmental baseline 

2.8.2.1 Species presence and use 

Alternative C and CTO Alternative 

Monarch butterflies are found throughout North America and are highly likely to 

utilize portions of the project area. 

2.8.2.2 Species conservation needs within the action area 

The Species Status Assessment Report, version 2.1 dated September 2020 

discusses conservation needs.  However, conservation needs within the action 

area have not been determined yet. 

2.8.2.3 Habitat condition (general) 

During migration to overwintering sites, monarchs need blooming nectar plants. 

On their return, monarchs are laying eggs and thus need both nectar sources 

and milkweed. The project area contains habitat that supports blooming nectar 

plants to potentially include milkweed.  

2.8.2.4 Influences 

Loss and degradation of habitat from conversion of grasslands to agriculture, 

widespread use of herbicides, logging/thinning at overwintering sites in Mexico, 

senescence, and incompatible management of overwintering sites in California, 

urban development, drought, exposure to insecticides, drought, and effects of 

climate change are all factors in the decline of the monarch population. 
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2.8.2.5 Additional baseline information 

See Annex D3 Monarch “Pesticide Supplemental Material.” The following 

website also offers additional information 

https://www.fws.gov/initiative/pollinators/monarchs. 

2.8.3 Effects of the action 

2.8.3.1 Indirect interactions 

Alternative C 

Indirect impacts are expected due to the conversion of desired habitat to open 

water and elimination of food source. 

Alternative CTO 

Alternative CTO with a weir 

Implementation of CTO with a weir would have the same indirect impacts as 

Alternative C but to a lesser degree, 

Alternative CTO without a weir 

Indirect impacts would be the potential benefit of providing suitable habitat for the 

monarch butterfly if the excavated areas are allowed to self-vegetate with 

wildflowers which would provide a desirable food source. If the excavated areas 

are mowed regularly and only allowed to self-vegetate with grass the indirect 

impact would be the conversion of desired habitat to grassy uplands and 

elimination of food source. 

2.8.3.2 Direct interactions 

Alternative C 

Direct impacts could be anticipated by way of collision with construction 

equipment. Although collision with vehicles on nearby roadways is a regular 

occurrence, the construction activities could increase the number of individuals 

impacted. However, the species is highly mobile, and the equipment is rather 

slow moving, so it is expected that any individuals present could escape the 

impact. 

Alternative CTO 

Alternative CTO with a weir 

Implementation of CTO with a weir would have the same direct impacts as 

Alternative C but to a lesser degree, 

Alternative CTO without a weir 
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This alternative would have the same direct impacts as Alternative C as 

excavation and fill would still take place.  However, the impacts would be to a 

lesser degree. 

2.8.4 Cumulative effects 

For purposes of consultation under ESA Section 7, cumulative effects are those 

caused by future state, tribal, local, or private actions that are reasonably certain 

to occur in the Action Area. Future Federal actions that are unrelated to the 

proposed action are not considered, because they require separate consultation 

under Section 7 of the ESA. At this time the USACE is unaware of any future 

state, tribal, local, or private non-Federal unrelated to the proposed action that 

are reasonably certain to occur in the Action Area. 

2.8.5 Discussion and conclusion 

Alternative C 

Based upon literature review and available survey data, and the effects of the 

action, the USACE has determined that, because of the conversion of such a 

large area of habitat to open water, implementation of Alternative C is likely to 

adversely affect but is not likely to jeopardize the continued existence of the 

monarch butterfly. 

CTO Alternative 

Alternative CTO with a weir 

Based upon literature review and available survey data, and the effects of the 

action, the USACE has determined that implementation of CTO with a weir is 

likely to adversely affect but is not likely to jeopardize the continued existence of 

the monarch butterfly. 

Alternative CTO without a weir 

Based upon literature review and available survey data, and the effects of the 

action, the USACE has determined that implementation of CTO without a weir 

may affect but is not likely to adversely affect the monarch butterfly. 

3 Critical Habitat Effects Analysis 

Alternative C and CTO Alternative 

On March 19, 2003, The USFWS and NMFS published the Final Rule in the 
Federal Register designating critical habitat for the Gulf sturgeon. 
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Primary consideration must be given to the physical and biological features 
(PBFs) of the habitat under review that are essential to the conservation of the 
species and that may require special management considerations or protection. 

The PBFs essential for the conservation of the Gulf sturgeon populations include 
those habitat components that support feeding, resting, and sheltering, 
reproduction, migration, and physical features necessary for maintaining the 
natural processes that support these habitat components. 

Based upon the identified PBFs for the Gulf sturgeon, the USFWS and NMFS 
identified a total of fourteen (14) Critical Habitat Units. Critical Habitat Unit 1 
covers the project area and includes the Pearl River System in St. Tammany and 
Washington Parishes in Louisiana and Walthall, Hancock, Pearl River, Marion, 
Lawrence, Simpson, Copiah, Hinds, Rankin, and Pike Counties in Mississippi. 

Of the 7 PBFs identified for Gulf sturgeon critical habitat, riverine spawning sites 
and riverine aggregation (resting) areas are not present in the action area. The 
PBFs found in the Action Area are food, flow regime, water quality, sediment 
quality, and migratory pathways. 

The Pearl River is included in Critical Habitat Unit 1, the Pearl and Bogue Chitto 
Rivers in Louisiana and Mississippi, which is currently known to support a 
reproducing subpopulation of Gulf sturgeon. The Action Area occurs at the top 
extent of this Critical Habitat Unit. 

While adult sturgeon does not usually feed in freshwater, juveniles forage 
extensively in rivers on aquatic insects, worms, and mollusks (Mason and 
Clugston 1993; Huff 1975; Sulak and Clugston 1999). With the varying aquatic 

species within the Action Area that feed on those types of prey it can be 
assumed that the area does contain enough of these prey items to support the 
populations of species that inhabit the area. 

Suitable spawning substrate within the Pearl River likely includes soapstone, 
hard clay, gravel, and rubble areas and undercut banks adjacent to these 
substrates (W. Slack, pers. comm. 2001). Specific surveys have not been 
conducted on the substrate of the river within the Action Area; however, grab 
samples were taken as part of the Wetland Delineation conducted for the 
EIS/Feasibility Study that did not exhibit the suitable substrates necessary for 
sturgeon spawning in the Pearl River. 

Gulf sturgeon depend on flow regimes in the riverine environment for all life 
stages including migration, breeding site selection, courtship, egg fertilization, 
resting and staging, and for maintaining spawning sites in the suitable condition 
needed for egg attachment, sheltering, resting, and larval staging. Based on 
average flow rates from 1966 to 2013, this area of the river currently has high 
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4 

flows during the springtime with flows decreasing significantly during the 
summer. 

In 2019, a water advisory was issued for the Pearl River in Jackson due to 
continued discharges of sanitary sewer overflows into the river. In the Action 
Area, there is a former creosote plant as well as two former landfills from which 
debris periodically washes into the river. Leachates from these landfills were 
found to contain heavy metals above the regulatory standards. In 2003, the EPA 
also found barium, cobalt, zinc, and other contaminates in the river in the Action 
Area. 

Migratory pathways are not expected to be impacted by the construction of 
Alternative C due to the construction of a fish passage. 

Increased turbidity and sedimentation would lead to impacts on water quality, 
which then leads to impacts on the prey base for juvenile sturgeon. These 
impacts on water quality would be temporary and would be reduced through 
erosion control measures. 

Changes to flow regime, water surface elevation, and water quality in the Action 
Area are anticipated. DO and temperature are important water quality factors for 
sturgeon. As temperature increases, DO levels decrease which can affect the 
growth and respiration rates of juvenile sturgeon. Water quality modeling 
conducted for temperature and DO indicate post-project levels would have a 
slight but not significant difference from the pre-project levels. 

Based upon the assessment completed, it was determined that Alternative C 
would not result in an adverse modification to Gulf sturgeon critical habitat. 

Other Protected Species 

Other protected species, specifically bald eagles, and migratory birds, have 

potential to be present in the study area.  Bald eagles are protected under the 

Bald and Golden Eagle Protection Act (BGEPA) and the Migratory Bird Treaty 

Act (MBTA). 

The bald eagle was near extinction approximately forty years ago throughout 

most of its range. Habitat destruction and degradation, illegal shooting, and the 

contamination of its food source, largely as a consequence of DDT, decimated 

the eagle population. However, the banning of DDT, habitat protection, and 

conservation measures through the ESA, have afforded a remarkable recovery 

for the species. The bald eagle was removed from the endangered species list in 

2007 but continues to be protected under the BGEPA and the MBTA. 

Many of the 1,093 species of birds protected under the Migratory Bird Treaty 

Act are experiencing population declines due to increased threats across the 
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landscape. Millions of acres of bird habitat are lost or degraded every year due to 

development, agriculture, and forestry practices. In addition, millions of birds are 

directly killed by human-caused sources such as collisions with man-made 

structures such as windows and communication towers. 

Bald eagles’ nest in tall trees (usually cypress or pine in this area) near water and 

typically in the months of October through May. Migratory birds have varying 

nesting behaviors and seasons depending on the species. To be conservative, 

the nesting season for migratory birds is February 15 through September 15. 

Wading/water birds typically nest in trees or shrubs near water. Shorebirds 

typically nest on ground level in sand, small rocks, dunes, or ground vegetation. 

Many migratory birds (other than wading/water birds and shorebirds) are 

opportunistic nesters and will nest in trees, shrubs, building overhangs, house 

gutters, etc. 

Alternative C and CTO Alternative 

Direct impacts would be attributed to avoidance of the area during construction. 

Indirect impacts would be the elimination of potential roosting, foraging, and 

nesting habitat. Cumulative impacts, including both direct and indirect impacts of 

the alternative along with additional impacts from other, previous projects in the 

area are anticipated to be minor in intensity but long-term in duration. Impacts to 

the bald eagle and migratory birds from Alternative C would add to the impacts 

that have occurred over time and are expected to continue due to ongoing 

development and activities in and around the Project Area.  A qualified biologist 

would survey the area prior to construction to determine the presence of nesting 

birds. If eagle nests are found in the project area, the USACE MVK would apply 

for an incidental eagle take permit and would implement avoidance and 

minimization measures described in the National Bald Eagle Management 

Guidelines until a permit with applicable requirements is received. Coordination 

with The Service and MDWFP would establish buffer zones and other guidelines 

to be implemented for nesting migratory birds depending on the species present. 

These impacts are considered insignificant. 

5 Summary Discussion, Conclusion, And Effect Determinations 

5.1 Effect Determination Summary 

Alternative C 

SPECIES 
(COMMON 
NAME) 

SCIENTIFIC 
NAME 

LISTING 
STATUS 

PRESENT 
IN 
ACTION 
AREA 

EFFECT 
DETERMINATION 
Alt C 
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Gulf Acipenser Threatened Yes LAA 
Sturgeon oxyrhynchus 

desotoi 

Ringed Graptemys Threatened Yes LAA 
Sawback oculifera 
Turtle 

Northern Myotis Endangered Yes NLAA 
Long-eared septentrionalis 
Bat 

Pearl River Graptemys Proposed Yes LAA 
map Turtle pearlensis Threatened 

Alligator Macrochelys Proposed Yes LAA 
Snapping temminckii Threatened 
Turtle 

Louisiana Pleurobema Proposed Yes LAA 
pigtoe riddellii endangered 

Tricolored Perimyotis Proposed Yes NLAA 
bat subflavus) threatened 

Monarch 
Butterfly 

Danaus 
plexippus 

Candidate Yes LAA 

LAA- Likely to adversely affect but not likely to jeopardize the continued existence of 

NLAA- May affect but not likely to adversely affect 

CTO with a weir 

SPECIES 
(COMMON 
NAME) 

SCIENTIFIC 
NAME 

LISTING 
STATUS 

PRESENT 
IN 
ACTION 
AREA 

EFFECT 
DETERMINATION 
Alt C 

Gulf 
Sturgeon 

Acipenser 
oxyrhynchus 
desotoi 

Threatened Yes LAA 

Ringed 
Sawback 
Turtle 

Graptemys 
oculifera 

Threatened Yes LAA 

Northern 
Long-eared 
Bat 

Myotis 
septentrionalis 

Endangered Yes NLAA 

Pearl River 
map Turtle 

Graptemys 
pearlensis 

Proposed 
Threatened 

Yes LAA 

Alligator 
Snapping 
Turtle 

Macrochelys 
temminckii 

Proposed 
Threatened 

Yes LAA 

Louisiana 
pigtoe 

Pleurobema 
riddellii 

Proposed 
endangered 

Yes LAA 

Tricolored 
bat 

Perimyotis 
subflavus) 

Proposed 
threatened 

Yes NLAA 
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Monarch 
Butterfly 

Danaus 
plexippus 

Candidate Yes LAA 

CTO without a weir 

SPECIES SCIENTIFIC LISTING PRESENT EFFECT 
(COMMON NAME STATUS IN DETERMINATION 
NAME) ACTION Alt C 

AREA 

Gulf Acipenser Threatened Yes NLAA 
Sturgeon oxyrhynchus 

desotoi 

Ringed Graptemys Threatened Yes LAA 
Sawback oculifera 
Turtle 

Northern Myotis Endangered Yes NLAA 
Long-eared septentrionalis 
Bat 

Pearl River Graptemys Proposed Yes LAA 
map Turtle pearlensis Threatened 

Alligator Macrochelys Proposed Yes LAA 
Snapping temminckii Threatened 
Turtle 

Louisiana Pleurobema Proposed Yes NLAA 
pigtoe riddellii endangered 

Tricolored Perimyotis Proposed Yes NLAA 
bat subflavus) threatened 

Monarch 
Butterfly 

Danaus 
plexippus 

Candidate Yes NLAA 

5.2 Summary Discussion 

Threatened and Endangered species and other protected species known to 

occur in the action area include GS, ringed map turtle, NLEB, PRMT, AST, LA 

pigtoe, TCB, monarch butterfly, bald eagle, and migratory birds. GS critical 

habitat also occurs within the action area. 

Alternative C and CTO with a weir would cause both temporary direct and long-

term indirect impacts to species discussed. The project would eliminate and/or 

degrade habitat for GS, ringed map turtle, PRMT, the LA pigtoe, and the 

monarch butterfly; would eliminate potential habitat for both bat species; and 

would potentially create preferred habitat for the AST. Based upon the 

assessment completed, it was determined that Alternative C would not result in 

an adverse modification to Gulf sturgeon critical habitat. Bald eagles and 

migratory birds could be impacted temporarily due to construction activities and 

long-term due to elimination of nesting and roosting habitat. 
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Alternative CTO without a weir would cause both temporary direct and indirect 

impacts to species discussed. The project would degrade habitat for the monarch 

butterfly and would eliminate potential habitat for both bat species. There would 

be temporary direct and indirect impacts to GS, all three turtle species, and the 

LA pigtoe. Based upon the assessment completed, it was determined that 

Alternative CTO with a weir would not result in an adverse modification to Gulf 

sturgeon critical habitat. Bald eagles and migratory birds could be impacted 

temporarily due to construction activities and long-term due to elimination of 

nesting and roosting habitat. 

5.3 Conclusion 

ESA consultation is ongoing.  Based on currently available historical data, a 

review of current literature and studies, and with the employment of avoidance 

measures, the USACE has determined that Alternative C and CTO with a weir 

may affect but would not likely adversely affect the NLEB and the TCB; would 

likely adversely affect the GS, ringed map turtle, AST, PRMT, LA pigtoe, and 

monarch butterfly. Alternative CTO without a weir may affect but would not likely 

adversely affect the GS, NLEB, TCB, LA pigtoe, and monarch butterfly; would 

likely adversely affect the ringed map turtle, AST, and PRMT. Based upon the 

assessment completed, it was determined that Alternative C, CTO with a weir, 

and CTO without a weir would not result in an adverse modification to Gulf 

sturgeon critical habitat. 
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Pearl River Basin, Mississippi,  
Federal Flood Risk Management 
Project 
Annex D1 - Prior Coordination 

June 2024 



DEPARTMENT OF THE ARMY 
U.S. ARMY CORPS OF ENGINEERS, VICKSBURG DISTRICT 

4155 CLAY STREET 
VICKSBURG, MS 39183-3435 

April 1, 2024 

Regional Planning and Environment Division South 

Project Name: Pearl River Basin, Mississippi, Federal Flood Risk Management Project Hinds 
and Rankin Counties, MS 

Mr. James Austin 
Field Supervisor 
Mississippi Field Office 
U.S. Fish and Wildlife Service 
6578 Dogwood View Parkway 
Jackson, MS 39213 

Dear Mr. Austin, 

The U.S. Army Corps of Engineers (USAGE), Vicksburg District has received your letter dated 
February 13, 2024 in response to our biological assessment (BA) and letter dated January 22, 
2024 requesting formal consultation under Section 7 of the Endangered Species Act (ESA) of 
1973 (87 Stat. 884, as amended; 16 U.S.C. 1531 et seq.) on the potential effects of the Pearl 
River Basin, Mississippi, Federal Flood Risk Management Project, Hinds and Rankin Counties, 
Mississippi. 

The USAGE thanks you for your review and comments and has revised the BA to reflect 
consistent determinations for the alligator snapping turtle and the northern long-eared bat and 
has removed the 4(d)-rule language as the 4(d) rule has since been nullified. The USAGE has 
also made other revisions per further informal coordination with the Service. Additionally, 
responses to the Service's comments are attached below. 

The USAGE is preparing a revised BA as re-initiation of ESA consultation is necessary since a 
combination thereof alternative is being identified and will be assessed in the draft EIS. A request 
to re-initiate formal consultation and conference pursuant to Section 7 of the ESA of 1973, as 
amended (16 U.S.G. § 1536), and the consultation procedures at 50 G.F.R. Part 402 will be 
submitted to the Service once enough details are available for ESA assessment. 

DigitallysignedbyWILLIAMS ERIC
• • WILLIAMS.ERIC.MITCHELL. 

MITCHELL.1065 1065454323 

454323 ~~~~~~024.03.2910:14:48 

Eric M. Williams 
Chief, Environmental Planning Branch 



While the Service concurs that the proposed alternative C would result in an increase in aquatic habitat within 
the project area, that increase is a result of conversion of riverine, stream, slough, and forested wetland habitat 
to a lake-like system (as the BA mentions multiple times) . Even though water discharge may be maintained 
within the system, it will not provide the habitat required for those species needing a riverine environment to 
survive and would result in the subsequent loss of those species within the action area. Also, temporal changes 
in sedimentation could have long-term impacts to species. A sedimentation analysis would be helpful in 
determining long-term impacts to habitat and species. 

Response: The USAGE has committed to conducting sedimentation analysis during pre-construction 
engineering and design (PED). 

The Service agrees that construction could lead to death of individuals if they are unable to flee the construction 
area. The BA notes that this is especially relevant for young of species and freshwater mussels. However, this 
is also relevant to inactive turtles during the winter months. 

Response: Thank you for the clarification . Please provide this information in the biological opinion (BO) 
as well. 

The BA mentions a fish passage to be constructed around the large weir proposed in Alternative C. However, 
it's unclear if velocities within this conceptual design will be appropriate for species to migrate successfully. 
Would suitable habitat still exist upstream of this passage to support the Gulf sturgeon's life history strategies? 

Response: The USAGE has committed to coordinating closely with the Service during design of the fish 
passage so as to ensure appropriate velocities for migration. It is anticipated that the fish passage would 
allow for continued migration upstream. 

The BA notes that Alternative C would result in temporary and negligible changes to water quality and 
temperature. However, the Service believes that removal of riparian buffer, reduced flows, and larger surface 
area will result in higher temperatures compared to that of a riverine system. Further, nutrient loading and 
algae/macrophyte blooms could reduce dissolved oxygen over time if current water quality issues are not 
resolved . Also, the BA states that impacts could occur from reduced water quality (page 39-40); water quality 
advisory had been issued due to sewage; and there are dumpsites that would be inundated (page 50) . A water 
quality analysis would be helpful in determining the degree of impacts and effects to species. 

Response: The BA has been revised to include consistent analysis throughout. Water quality analysis 
would be conducted during PED if required per the Service's BO. 

The BA states that Action Area includes portions of the Pearl River to 1.6 miles downstream of the proposed 
weir at RM 284. However, the Service considers potential impacts that may occur downstream due to the action, 
possibly beyond this identified boundary. 

Response: Action area has been revised to reflect what is in the current EIS instead of what was in the 
2019 BO. 

If there's 287 acres of Pearl River within the Project Area , why does the BA only mention 230 acres of potential 
habitat for the Gulf sturgeon (page 17) and only 207 acres of open water impacted by excavation (page 18)? 

Response: Existing data was used during development of the current BA. 287 acres is from NFI 
mitigation plan , 230 acres is from the previous BA and BO, and 207 acres from previous BA and BO. 
GS CH is approximately 287 acres with approximately 230 acres of that estimated to be of use to the 
GS based on 2019 BA and BO. The current BA has been revised for clarity. 

The ringed map turtle is a sponge specialist that also consumes insects and occasionally mollusks and is not 
"wholly carnivorous" (Lindeman et al. 2024). 

Response: Thank you for the clarification . Please provide this information in the BO as well. 

Ringed map turtles are also found in the Strong River and several other tributaries. 



Response: Thank you for the clarification. Please provide this information in the BO as well. 

There is 2.5 miles of suitable habitat that could be directly impacted by dredging upstream of LeFleur's Bluff 
State Park. Also, this location partially overlaps the only ringed map turtle population that is currently stable or 
increasing in size (estimated 728 individuals (range 574-1,475)). There is also a significant amount of basking 
structure from LeFleur's Bluff State Park north to upper project area, and throughout other portions of the action 
area. 

Response: Thank you for the clarification. Please provide this information in the BO as well. 

The BA states that the Corps is unaware of any future state, tribal, local or private non-Federal actions unrelated 
to the proposed action that are reasonably certain to occur in the Action Area. However, the BA also states here 
that the riparian zone would be eliminated, and development is planned for most of the areas of fill surrounding 
the improved channel. 

Response: Perhaps "planned" was a poor choice of words. BA has been revised to state "development 
is likely ... ". 

Ringed map turtle eggs relocation: the Service recommends continued collaboration on this action, since egg 
incubation and timed release could be more successful option. Further, the Service has discussed issues with 
creating sandbars, placing debris, and enforcement of regulations. 

Response: The USACE will continue to coordinate with the Service throughout the planning and 
construction phases. 

The NLEB is a nocturnal species. Thus, avoiding daytime construction activities may be difficult. Will there be 
surveys of bridges and culverts that are planned for replacement? As mentioned, the 4(0) rule has been nullified 
due to the uplisting of this species. 

Response: Construction other than clearing of trees can be avoided by the NLEB. Surveys would be 
conducted if required per the Service's BO. 

May have mixed ringed map turtle with Pearl River map turtle. Also, ringed map turtles are not considered a 
"generalist" species. The Service would need more information regarding downstream impacts (i.e., 
sedimentation), before determining if "habitat immediately downstream of the weir would remain suitable for 
species." Water quality statements aren't verified on reproduction and young. Also, Pearl River map turtles aren't 
found throughout the Ross Barnett Reservoir, only at the upper areas where riverine characteristics persist. 

Response: The species terminology in the BA has been revised for clarity. Thank you for the 
clarification. Please provide this information in the BO as well. Understood, the USACE has committed 
to conducting sedimentation analysis during PED. 

Alligator snapping turtles are somewhat selective of nesting sites: usually within 20 m of water (average nest 
distance of 12 m from water source), >1 m above water surface, in an area with partially open canopy cover. 
There is high quality habitat in the 2.5 miles around LeFleur's Bluff State Park and north to Ross Barnett 
Reservoir (RBR). 

Response: Thank you for the clarification. Please provide this information in the BO as well. 

Reinvasion potential for LA pigtoe is low, as the upstream population left below RBR would be separated by a 
lake making it difficult for their small-bodied host fish to cross. Chance of reinvasion from the west Pearl is low 
due to the distance for host fish to migrate. Also, mention of the burying of mussel beds is significant. For several 
species (i.e., Pearl River map turtle, and to a lesser extent, alligator snapping turtle), burying of mussel beds 
downstream of the weir could directly impact the prey source for these species. 

Response: Thank you for the clarification. Please provide this information in the BO as well. 



Flow regime will likely be impacted (even if discharge is maintained , impacts to velocity will occur) due to 
conversion to a lake-like environment. Migratory pathways could be impacted if the fish passage doesn't function 
as necessary. Sedimentation was also mentioned in the mussel section to have significant downstream impacts. 
The BA states that sedimentation would be impacted and would lead to water quality impacts. 

Response: The BA has been revised to reflect consistent analysis. 

Discrepancies in table determinations, text within the BA, and letter. 

Response: Revisions have been made to address inconsistencies. 



United States Department of the Interior 

FISH AND WILDLIFE SERVICE 
Mississippi Ecological Services Field Office 

6578 Dogwood View Parkway, Suite A 
Jackson, Mississippi 39213 

Phone: (601)965-4900 Fax: (601)965-4340 

February 13, 2024 

IN REPLY REFER TO : 

2022-0006708£ 

Eric Williams, Chief 
Environmental Planning Branch 
U.S. Army Corps of Engineers 
7400 Leake A venue 
New Orleans, Louisiana 70118 

Dear Mr. Williams: 

The U.S. Fish and Wildlife Service (Service) acknowledges receipt of your January 22, 2024, 
biological assessment (BA) and letter requesting formal consultation under Section 7 of the 
Endangered Species Act of 1973 (87 Stat. 884, as amended; 16 U.S.C. 1531 et seq.) on the 
potential effects of the Pearl River Basin, Mississippi, Federal Flood Risk Management Project, 
Hinds and Rankin Counties, Mississippi. The U.S. Army Corps of Engineers (Corps), Vicksburg 
District, is requesting concurrence for their determination of effects to the alligator snapping 
turtle (Macrochelys temminckii) and the northern long-eared bat (Myotis septentrionalis; NLEB); 
and formal conference on the proposed listing of the tricolored bat (Perimyotis subflavus), 
Louisiana pigtoe (Pleurobema riddellii), and the Candidate species, Monarch butterfly (Danaus 
plexippus). They also request formal consultation for the Pearl River map turtle (Graptemys 
pearlensis), ringed map turtle (Graptemys oculifera), Gulf sturgeon (Acipenser oxyrhynchus 
desotoi), and its Critical Habitat. Our comments are submitted under the authority of the 
Endangered Species Act (ESA) of 1973 (87 Stat. 884, as amended; 16 U.S.C. 1531 et seq.). 

The Corps states that the purpose of the project is to reduce flood risk in the Jackson 
metropolitan area, reduce the flood risk of critical infrastructure, including the Savanna Street 
Wastewater Treatment Facility, and improve access to transportation routes, evacuation routes, 
and critical care facilities during flood events. The Service previously determined that 
Alternative C (channel excavation plan, including construction of a large weir) would be the 
most ecologically damaging of those presented. Thus, the BA focuses on impacts to listed and 
other protected species from Alternative C. Both A 1 and a newly developed CTO ( combination 
thereof) alternative are mentioned, but assumed to have less severe environmental impacts 
without construction of the weir. Although the BA focusses on Alternative C, the Corps is still 
considering both A 1 and a "yet to be defined" CTO alternative, and will re-initiate consultation if 
a CTO is selected, or if a weir is included in the selected alternative for implementation. The 



Corps committed to conducting further analyses (i.e., velocity and sedimentation analyses within 
the Pearl River at the project site and downstream) during pre-construction and design to 
accurately determine impacts to riverine species. After receiving the necessary information, the 
Service will provide associated recommendations. We will continue to cooperate with the Corps 
in providing information and collaboration as necessary for any future developments regarding 
Alternative A I and CTO. 

Before we proceed with impact assessments and recommendations, the Service requests the 
Corps review their determinations for the alligator snapping turtle and the Northern long-eared 
bat. Although the letter states the proposed project may affect, but is not likely to adversely 
affect the alligator snapping turtle, the BA describes both direct and indirect impacts to the 
species and conversely determined that the project is likely to adversely affect the alligator 
snapping turtle. Furthermore, the letter states the project may affect, but is not likely to 
adversely affect the northern long-eared bat. However, the BA states that the project would 
remove potential roosting and foraging habitat and could result in potential adverse effects to the 
species. The Corps was correct in stating that the 4(d) rule did not prohibit incidental take due to 
otherwise lawful activities, such as forest clearing. However, the 4(d) rule was nullified when 
the northern long-eared bat was uplisted to endangered in November 2022. Therefore, any 
incidental take of this species is prohibited and would require appropriate permits. 

The Service, via informal consultation, can provide information regarding potential impacts, 
species surveys, and any other information needed to help with your analysis. The Service 
requests clarification regarding species determinations, particularly for that of the alligator 
snapping turtle and the northern long-eared bat. We'll also provide additional comments and 
concerns to your BA in Appendix A (attached below). 

If you have any questions, please contact Tamara Campbell in our office, telephone: (601) 321-
1138, email: tamara_campbell@fws.gov. 

Sincerely, 
Digitally signed by JAMESJAMES AUSTIN 
Date: 2024.02.1314:24:13AUSTIN .~o· 

James Austin 
Field Supervisor 
Mississippi Field Office 

mailto:tamara_campbell@fws.gov


Appendix A 

Specific comments on the Biological Assessment 

To reduce redundancy and the length of this appendix the Service has tried to identify the first 
occurrence of a statement for which we have a comment, but do not continue to identify 
subsequent occurrences of similar statements. However, this doesn't mean that our comments 
are restricted to just the statement identified but are applicable to all similar statements within the 
document. In addition, our comments are primarily focused on the discussions regarding 
Alternative C as this is currently the focus of the Corps' BA, but with potential for Al or a CTO 
(combination thereof). 

Page 7: While the Service concurs that the proposed alternative C would result in an increase in 
aquatic habitat within the project area, that increase is a result of conversion of riverine, stream, 
slough, and forested wetland habitat to a lake-like system (as the BA mentions multiple times). 
Even though water discharge may be maintained within the system, it will not provide the habitat 
required for those species needing a riverine environment to survive and would result in the 
subsequent loss of those species within the action area. Also, temporal changes in sedimentation 
could have long-term impacts to species. A sedimentation analysis would be helpful in 
determining long-term impacts to habitat and species. 

Page 8: The Service agrees that construction could lead to death of individuals if they are unable 
to flee the construction area. The BA notes that this is especially relevant for young of species 
and freshwater mussels. However, this is also relevant to inactive turtles during the winter 
months. 

Page 8: The BA mentions a fish passage to be constructed around the large weir proposed in 
Alternative C. However, it's unclear if velocities within this conceptual design will be 
appropriate for species to migrate successfully. Would suitable habitat still exist upstream of this 
passage to support the Gulf sturgeon's life history strategies? 

Page 9: The BA notes that Alternative C would result in temporary and negligible changes to 
water quality and temperature. However, the Service believes that removal of riparian buffer, 
reduced flows, and larger surface area will result in higher temperatures compared to that of a 
riverine system. Further, nutrient loading and algae/macrophyte blooms could reduce dissolved 
oxygen over time if current water quality issues are not resolved. Also, the BA states that 
impacts could occur from reduced water quality (page 39-40); water quality advisory had been 
issued due to sewage; and there are dumpsites that would be inundated (page 50). A water 
quality analysis would be helpful in determining the degree of impacts and effects to species. 

Page 11: The BA states that Action Area includes portions of the Pearl River to 1.6 miles 
downstream of the proposed weir at RM 284. However, the Service considers potential impacts 
that may occur downstream due to the action, possibly beyond this identified boundary. 

Page 17 and 18: If there's 287 acres of Pearl River within the Project Area, why does the BA 
only mention 230 acres of potential habitat for the Gulf sturgeon (page 17) and only 207 acres of 
open water impacted by excavation (page 18)? 



Page 20: The ringed map turtle is a sponge specialist that also consumes insects and occasionally 
mollusks, and is not "wholly carnivorous" (Lindeman et al. 2024). 

Page 21 : Ringed map turtles are also found in the Strong River and several other tributaries. 

Page 22: There is 2.5 miles of suitable habitat that could be directly impacted by dredging 
upstream of Lefleur' s Bluff State Park. Also, this location partially overlaps the only ringed 
map turtle population that is currently stable or increasing in size ( estimated 728 individuals 
(range 574-1,475)). There is also a significant amount of basking structure from LeFleur's Bluff 
State Park north to upper project area, and throughout other portions of the action area. 

Page 23: The BA states that the Corps is unaware of any future state, tribal, local or private non
Federal actions unrelated to the proposed action that are reasonably certain to occur in the Action 
Area. However, the BA also states here that the riparian zone would be eliminated, and 
development is planned for most of the areas of fill surrounding the improved channel. 

Page 25: Ringed map turtle eggs relocation: the Service recommends continued collaboration on 
this action, since egg incubation and timed release could be more successful option. Further, the 
Service has discussed issues with creating sandbars, placing debris, and enforcement of 
regulations. 

Page 28, NLEB is a nocturnal species. Thus, avoiding daytime construction activities may be 
difficult. Will there be surveys of bridges and culverts that are planned for replacement? As 
mentioned, the 4(0) rule has been nullified due to the uplisting of this species. 

Page 33 - 34: May have mixed ringed map turtle with Pearl River map turtle. Also, ringed map 
turtles are not considered a "generalist" species. The Service would need more information 
regarding downstream impacts (i.e., sedimentation), before determining if "habitat immediately 
downstream of the weir would remain suitable for species." Water quality statements aren't 
verified on reproduction and young. Also, Pearl River map turtles aren't found throughout the 
Ross Barnett Reservoir, only at the upper areas where riverine characteristics persist. 

Page 36: Alligator snapping turtles are somewhat selective of nesting sites: usually within 20 m 
of water (average nest distance of 12 m from water source),> 1 m above water surface, in an area 
with partially open canopy cover. There is high quality habitat in the 2.5 miles around LeFleur's 
Bluff State Park and north to Ross Barnett Reservoir (RBR). 

Page 45: Reinvasion potential for LA pigtoe is low, as the upstream population left below RBR 
would be separated by a lake making it difficult for their small-bodied host fish to cross. Chance 
of reinvasion from the west Pearl is low due to the distance for host fish to migrate. Also, 
mention of the burying of mussel beds is significant. For several species (i.e. , Pearl River map 
turtle, and to a lesser extent, alligator snapping turtle), burying of mussel beds downstream of the 
weir could directly impact the prey source for these species. 

Page 51: Flow regime will likely be impacted (even if discharge is maintained, impacts to 
velocity will occur) due to conversion to a lake-like environment. Migratory pathways could be 



impacted if the fish passage doesn't function as necessary. Sedimentation was also mentioned in 
the mussel section to have significant downstream impacts. The BA states that sedimentation 
would be impacted and would lead to water quality impacts. 

Discrepancies in table determinations, text within the BA, and letter. 



DEPARTMENT OF THE ARMY 
U.S. ARMY CORPS OF ENGINEERS, VICKSBURG DISTRICT 

4155 CLAY STREET 
VICKSBURG, MS 39183-3435 

January 22, 2024 

Regional Planning and Environment Division South 

Project Name: Pearl River Basin, Mississippi, Federal Flood Risk Management Project Hinds 
and Rankin Counties, MS 

Mr. James Austin 
Field Supervisor 
Mississippi Field Office 
U.S. Fish and Wildlife Service 
6578 Dogwood View Parkway 
Jackson, MS 39213 

Dear Mr. Austin, 

The U.S. Army Corps of Engineers (USACE), Vicksburg District (CEMVK) has prepared this 
Biological Assessment (BA) to evaluate the potential impacts associated with the proposed flood 
risk management project, Pearl River Basin, Mississippi, Federal Flood Risk Management 
Project Hinds and Rankin Counties, MS. This BA provides the information required pursuant to 
the Endangered Species Act (ESA) and implementing regulation (50 CFR 402.13), to comply 
with the ESA. 

The project is located in portions of Hinds and Rankin Counties, Mississippi within what is 
referred to as the City of Jackson Metropolitan Area. The project area begins at river mile (RM) 
293.5 and extends southward on either side of the Pearl River channel, to a point approximately 
3.0 miles south of U.S. Interstate 20 to RM 284.0. 

The purpose of the project is to reduce flood risk in the Jackson metropolitan area; reduce the 
flood risk of critical infrastructure, including the Savanna Street Wastewater Treatment Facility; 
and improve access to transportation routes, evacuation routes, and critical care facilities during 
flood events. 

Based on currently available historical data, a review of current literature and studies, and with 
the employment of avoidance measures, the USACE has determined that the project may affect 
but would not likely adversely affect the northern long eared bat, and alligator snapping turtle; 
would likely adversely affect but would not jeopardize the continued existence of the Gulf 
sturgeon, ringed sawback turtle, Louisiana pigtoe, monarch butterfly, Pearl River map turtle, and 
tricolored bat. Based upon the assessment completed, it was determined that Alternative C 
would not result in an adverse modification to Gulf sturgeon critical habitat. 



CEMVK is submitting this BA as a request to initiate formal consultation and conference pursuant 
to Section 7 of the ESA of 1973, as amended (16 U.S.C. § 1536), and the consultation 
procedures at 50 C.F.R. Part 402. 

WILLIAMS ERi Digitally signed by 
' WILLIAMS.ERIC.MITCHE 

C.MITCHELL.1 LL.1065454323 
Date: 2024.01.18 

0654543 23 13:32:52 -06'00' 

Eric M. Williams 
Chief, Environmental Planning Branch 

https://2024.01.18


 
 

  
 

  
   

 
 

 
 

 
 
 
 
 
 
 
 
 

  
 

  
  

 

Pearl River Basin, Mississippi 
Federal Flood Risk 

Management Project 
Hinds and Rankin Counties, MS 

THREATENED and ENDANGERED 
SPECIES 

PRELIMINARY DRAFT 
BIOLOGICAL ASSESSMENT 

January 2024 

The purpose of this Preliminary Draft Biological Assessment (BA) is to assess the 
effects of the Pearl River Flood Risk Management project and determine whether the 
project may affect any Federally threatened, endangered, proposed or candidate 
species. This BA is being prepared in accordance with legal requirements set forth 
under Section 7 of the Endangered Species Act (16 U.S.C. 1536 (c)). 
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Annexes 

Annex D1 Prior Consultation 

2019 Threatened and Endangered Species Biological Opinion 

Annex D2 IPaC report and USFWS email confirmation 

Annex D3 Species Recovery Plans and Status Assessment Reports 

Gulf Sturgeon Recovery/Management Plan 

Ringed Sawback Turtle Recovery Plan 

Species Status Assessment Report for the Northern long-eared bat 

Species Status Assessment Report for the Pearl River Map Turtle 

Species Status Assessment Report for the Alligator Snapping Turtle 

Species Status Assessment Report for the Louisiana pigtoe 

Species Status Assessment Report for the tricolor bat 

Species Status Assessment Report for the monarch butterfly 
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1 Description of The Action 

1.1 Project Name 

Pearl River Basin, Mississippi, Federal Flood Risk Management Project, Hinds 
and Rankin Counties, MS (PR FRM) 

1.2 Introduction 

A Biological Assessment (BA) completed in 2019 as a part of the environmental 
review process for the Pearl River Basin, Mississippi Federal Flood Risk 
Management Project, Hinds and Rankin Counties, MS Draft Feasibility 
Study/Environmental Impact Statement (FS/EIS) included a review of literature 
and other pertinent scientific data, interviews, and coordination efforts for each of 
the mentioned threatened and endangered (T & E) species as originally identified 
by the U.S. Fish and Wildlife Service (The Service). The 2019 BA and Biological 
Opinion (BO) are incorporated by reference into this BA and were used during 
the preparation of this document. 

A search on The Services’ Information for Planning and Consulting (IPaC) site, 
conducted on March 21, 2023, resulted in a list of species that should be 
considered when assessing the impacts of this project.  That list includes the Gulf 
sturgeon, ringed sawback (Ringed map) turtle, Northern long-eared bat, Pearl 
River map turtle, alligator snapping turtle, and monarch butterfly. Email 
correspondence with The Service dated March 21, 2023, confirmed this list, and 
concluded that the monarch butterfly, as a candidate species, has no legal 
regulations under the Endangered Species Act. However, On April 21, 2023, 
email correspondence with the Service stated that they had been informed that 
they expect a listing decision on the monarch butterfly in the near future. 
Therefore, the USACE has decided to include the monarch butterfly in this BA. 
On April 10, 2023, the Service informed USACE via email (attached) that the 
Louisiana pigtoe and the tricolored bat had been recently proposed for listing. 
Therefore, those two species will also be discussed in this BA. Additionally, other 
protected species, specifically the bald eagle and migratory birds are discussed 
in order to obtain compliance with the Bald and Golden Eagle Protection Act and 
the Migratory Bird Treaty Act. 

The Service requested velocity and sedimentation analysis be conducted within 
the Pearl River at the project site and downstream. USACE has committed to 
conducting this analysis during pre-construction engineering and design (PED) if 
the weir is included in the selected alternative for implementation. That being 
said, re-initiation of ESA consultation will be necessary during PED to accurately 
determine impacts to riverine species. 

This BA focusses on impacts to listed and other protected species due to 
potential implementation of Alternative C.  However, a combination thereof 
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alternative (CTO) is also being considered but has yet to be defined.  This BA 
includes a high level, qualitative assessment of that potential alternative on listed 
species.  USACE will reinitiate consultation if a CTO is selected for 
implementation. 

1.3 Project Description 

Alternative A1 consists of elevating and floodproofing residential and non-
residential structures within the future 100-year stage. 

Alternative C consists of the construction of channel improvements, demolition of 
the exiting weir near the J. H. Fewell WTP site and construction of a new weir 
with a low-flow gate structure further downstream for water supply to be 
continued while simultaneously creating an area of surface water for recreational 
opportunities, Federal levee improvements (excavated material plan), and 
upgrading an existing non-Federal ring levee with slurry wall around the 
Savannah Street WWTP.  Construction of the project would require relocations 
and/or improvements to various public and private utilities and infrastructure, 
mitigating potential HTRW and other hazardous waste sites within the floodplain, 
avoidance and minimization measures required under the ESA, and the creation 
of new habitat mitigation areas to offset losses within the project’s construction 
footprint areas. The project has the potential to impact historic properties. 

The CTO Alternative has yet to be identified. However, the following measures, 
in any combination, may be considered for this alternative: 

• Alternative A1 

• Excavation of Main Channel, Federal levee improvements 

• Demo of existing weir, Construction of new weir, Fish passage 

• Non-federal levee improvements (Savannah Street WWTP) 

• Clean out and sustained maintenance of tributaries. 

• Levee setbacks 

• Small-scale levees 

• Bridge modifications (major evaluation will be a PED effort and not part of 
the EIS). 

• Mitigation features (Impact assessment will be conducted in subsequent 
NEPA document(s). 

See Appendix I of the IES for details of each alternative. 

1.3.1 Location 
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The project is located in portions of Hinds and Rankin Counties, Mississippi 
within what is referred to as the City of Jackson Metropolitan Area. The project 
area begins at river mile (RM) 293.5 and extends southward on either side of the 
Pearl River channel, to a point approximately 3.0 miles south of U.S. Interstate 
20 to RM 284.0. 

1.3.2 Description of project habitat 

The Alternative C Project area consists of numerous habitat types to include the 
following. It is reasonable to assume that the habitat within the CTO would be 
very similar, if not the same, as that for Alternative C. 

Table 1. Habitat Types and Acres Present 

Habitat Type Acres 
Emergent wetland 59.19 acres 
Lacustrine 200.9 acres 
Mixed forested wetland 911.58 acres 
Mixed Scrub-Shrub Wetland 256.04 acres 
Palustrine 147.20 acres 
Riverine 287.16 acres 
Upland Evergreen Forest 14.44 acres 
Upland Grassland 151.79 acres 
Upland Mixed Forest 536.47 acres 
Upland Pasture 54.41 acres 
Upland Scrub-Shrub 208.68 acres 
Upland Urban 29.60 acres 

1.3.3 Project proponent information 

Requesting Agency 

DEPT OF DEFENSE (DOD) 

Army Corps of Engineers (COE) 

Tammy Gilmore 
7400 Leake Ave 
New Orleans, LA 70118 

504-862-1002 

Gilmoretammy5@gmail.com 

Lead agency 

Same as Requesting Agency. 

1.3.4 Project purpose 
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The purpose of the PR FRM Project is to reduce flood risk in the Jackson 
metropolitan area; reduce the flood risk of critical infrastructure, including the 
Savanna Street Wastewater Treatment Facility; and improve access to 
transportation routes, evacuation routes, and critical care facilities during flood 
events. 

1.3.5 Project type and deconstruction 

Currently the project is at approximately 20% design and therefore many of the 
components below have not yet been determined. 

Project timeline and sequencing - TBD 

Site preparation – Prior to construction 

Construction access and staging – Prior to, concurrent with, and post 
construction 

Post-project site restoration – Post construction 

Conservation and compensation activities (both on- and off-site) – Prior to, 
concurrent with, and post construction 

1.3.6 Anticipated environmental stressors 

1.3.6.1 Animal Features 

Alternative A-1 

Existing terrestrial wildlife habitat and the wildlife resources within the immediate 
area would be directly impacted by way of avoidance due to construction 
activities and associated noise. It is anticipated that the areas where there are 
currently existing structures would self-vegetate once the structures are 
removed. This newly developed habitat would support some terrestrial species. 

Alternative C 

Existing terrestrial wildlife habitat and the wildlife resources within the Project 
Area would be directly impacted by the removal of approximately 2,069 acres of 
terrestrial habitat that currently exists within the project area. Though the existing 
terrestrial habitats would be removed, the conversion to aquatic habitats in these 
areas would be utilized by other wildlife species. 

Impacts to aquatic and fisheries resources associated with sedimentation poses 
a risk. Best Management Practices will be implemented to reduce this risk. The 
potential for sedimentation during construction could adversely affect food 
sources for aquatic species. However, this impact would be temporary. It is 
anticipated that overall available aquatic and fisheries habitat would increase as 
a result of the channel improvements, with the total area available for aquatic and 
fish habitat estimated at 1,692 acres, post-construction. However, the current 
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riverine system would be replaced with a lake system. Riverine obligates (fish, 
mussels, turtles, etc.) will not use lakes or could not survive under such 
conditions. 

Disturbance from excavation and placement of material from within and adjacent 
to the river over approximately two years could result in death of individuals if 
they are unable to flee the construction work area. This is especially relevant to 
young of species and freshwater mussels. 

Mitigation measures, including habitat restoration activities, would be 
implemented to offset the intensity of these impacts during and after the 
construction activities are completed. A fish passage will be created around the 
relocated weir which will increase the possibility for migrating aquatic species to 
utilize the Project Area. 

CTO Alternative 

While the specific features of the CTO alternative have not been determined, this 
alternative could have similar impacts in the long-term compared to Alternative C 
if a new weir is constructed, but fewer impacts than Alternative C if a new weir is 
not constructed. Without a weir the impact to wildlife supported by floodplain 
areas in the Project Area would be less than Alternative C as there would not be 
a significant reduction in available habitat and habitat quality. 

Even without the weir, excavation for channel improvements and levee work 
would result in both permanent and temporary loss of habitat and associated 
resources.  As much as 255 acres of impact from levees and 374 acres from 
channel improvements would displace wildlife on a temporary basis and for some 
on a permanent basis.  It is expected that there would be displacement of wildlife 
due to noise and activity in the area, even if lands are not directly impacted. 

In addition to the impacts described above, any tributary structural features that 
are included in this alternative could potentially have an impact on wildlife, 
depending on the location and extent of the feature. 

1.3.6.2 Aquatic Features 

Alternative A-1 

There would be no impacts to aquatic features due to implementation of 
Alternative A-1. 

Alternative C 

A total of approximately 1,861 acres of wetlands and "other waters of the U.S." 
would be impacted by Alternative C. Approximately 487 acres of existing surface 
water bodies within the channel improvement footprint, including the Pearl River 
channel itself and its tributaries, would be impacted by this alternative. Additional 
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direct impacts to 116.95 acres of water bodies would be anticipated by the filling 
activities within the dredge disposal areas. 

Indirect impacts to adjacent waterbodies within the project area could be 
anticipated through the implementation of Alternative C. Existing interconnections 
to adjoining waterbodies could be affected and existing inflow and outflow 
functions within the areas could also be affected. 

A 1,692-acre lake would be created post construction.  This would increase the 
available aquatic features within the project area. However, the current riverine 
system would be replaced with a lake system.  Riverine obligates (fish, mussels, 
turtles, etc.) will not use lakes or could not survive under such conditions. 

Alternative CTO 

While the specific features of the CTO alternative have not been determined, this 
alternative is expected to have fewer impacts in the long-term compared to 
Alternative C if a new weir is not constructed, but similar impacts to Alternative C 
if a new weir is constructed. Without a new weir, the area would maintain 
riverine characteristics. The existing weir would continue to pose an impediment 
to migratory patterns of aquatic species as do the multiple low-head dams/sills 
downstream of the Project Area. 

1.3.6.3 Environmental Quality Features 

Alternative A-1 

There would be no impacts to water quality with the implementation of Alternative 
A-1. Construction activities would increase suspended particles (dust) into the 
air during construction.  This would cause temporary and minimal impacts to air 
quality. 

Alternative C 

There would be temporary impacts to water quality locally in the Pearl River 
during construction. The greater volume of water in the impoundment would 
reduce temperature variations and result in dissolved oxygen concentrations that 
are slightly lower but still meeting water quality standards. Increases in 
productivity would also occur but growth of algae and macrophytes would 
continue to be light-limited. There could be negligible changes to temperature, 
dissolved oxygen (DO), ultimate carbonaceous biochemical oxygen demand 
(CBODU), total nitrogen (TN), ammonia-nitrogen (NH3-N), nitrate-nitrite (NOX), 
organic nitrogen (Org-N), total phosphorus (TP), orthophosphate (PO4), organic 
phosphorus (Org-P), phytoplankton chlorophyll-a, and total suspended solids 
(TSS). Overall, there would be temporary short-term, adverse impacts to water 
quality both during and for a short time following construction. 
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The impacts to the air quality within the Project Area as a result of the 
implementation of Alternative C would be short-term, minor, adverse impacts 
during the construction period only. 

CTO Alternative 

While the specific features of the CTO alternative have not been determined, this 
alternative is expected to have fewer impacts in the long-term compared to 
Alternative C if a new weir is not constructed, but similar impacts to Alternative C 
if a new weir is constructed. 

1.3.6.4 Landform (topographic) Features 

Alternative A-1 

There would be no impacts to landform features due to implementation of 
Alternative A-1. 

Alternative C 

The current topographic features in the project area include the Pearl River, 
natural ridges, Native American earthworks/mounds, existing levees, and 
agricultural fields.  Approximately 1,700 acres would be degraded to elevations 
lower than existing. Additionally, the disposal areas would result in increased 
elevations within those areas. 

CTO Alternative 

While the specific features of the CTO alternative have not been determined, this 
alternative is expected to have fewer impacts in the long-term compared to 
Alternative C if a new weir is not constructed, but similar impacts to Alternative C 
if a new weir is constructed. 

1.3.6.5 Soil and Sediment 

Alternative A-1 

Any potential for impacts to soils would be temporary in nature and would occur 
only during the period of construction during the elevation activities, demolition, 
and/or relocation activities. 

Alternative C 

Approximately 2,557 acres of existing soils within the project area would be 
removed and placed in the designated disposal areas. Indirect impacts to soils 
within the Project Area could be anticipated because of ongoing operations and 
associated maintenance through the life of the project. There is potential for 
increased sedimentation in the river from the channel excavation. Best 
Management Practices will be implemented to reduce this. 
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CTO Alternative 

While the specific features of the CTO alternative have not been determined, this 
alternative is expected to have fewer impacts in the long-term compared to 
Alternative C if a new weir is not constructed, but similar impacts to Alternative C 
if a new weir is constructed. 

1.4 Action Area 

The Action Area consists of the Pearl River floodplain from the Ross Barnett 
Dam to just south of Byram and includes land in Madison, Rankin, and Hinds 
Counties, Mississippi. The study area is drained by several small creeks that are 
tributaries of the Pearl River. Small tributaries to the Pearl River within the Action 
Area include Town, Hanging Moss, Eubanks, Lynch, Richland, Hardy, Caney, 
Purple, and Hog Creeks. 

The Action Area includes the portion of the Pearl River from the Ross Barnett 
spillway (RM 301.77) to 1.6 miles downstream of the proposed project weir at 
RM 284 (Figure1). The Action Area also includes riparian areas adjacent to the 
river where construction activities will occur. The Action Area extends upstream 
of the proposed project to include all river miles that will be impacted by altered 
flow regimes, at approximately RM 301.77. The Action Area extends downstream 
(approximately 1.6 miles) of the proposed impoundment. 
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1.5 Conservation Measures 

Alternative A1 Not applicable 

Alternative C and CTO 

Conservation measures have not been identified as of yet. USACE is 
coordinating closely with the Service to develop conservation measures for each 
species as needed. 

1.6 Prior Consultation History 

The BA completed as a part of the environmental review process for the Draft 
FS/ESI included a review of literature and other pertinent scientific data, 
interviews and coordination efforts for each of the aforementioned T & E species 
as originally identified by the USFWS in correspondence dated June 8, 2004 and 
follow up coordination and listing reviews from 2015 through 2018. The listed 
species covered under that BA included the threatened Gulf sturgeon, the 
threatened Ringed Sawback (Ringed map) Turtle, the threatened Northern long-
eared bat and the threatened Wood stork. It also includes a review of the listing 
information for the recently listed Pearl Darter. Though no longer listed, it also 
includes a review and assessment of both the American bald eagle and the 
Louisiana black bear. 

The most recent consultation was completed on Oct 23, 2019, when The Service 
rendered a Biological Opinion (BO) (FWS Log #: 04EL1000- 2020-F-0109) that 
included an Incidental Take Statement requiring the USACE to implement 
reasonable and prudent measures that the Service considers necessary or 
appropriate to minimize the impacts of anticipated take on the ringed ringed map 
turtle (Graptemys oculifera) and Gulf sturgeon (Acipenser oxyrhynchus desotoi). 
Since this opinion was issued, new data has revealed the presence of gulf 
sturgeon within the action area (Michael Andres, personal communication, 
January 12, 2023). In a letter dated Jan 18, 2023, the Service recommended the 
draft EIS reflect these recent findings, since the previous draft EIS and biological 
assessment incorrectly stated that gulf sturgeon were not likely to migrate into 
the project area for potential spawning. In addition, since only a conceptual 
design was provided for the fish passage channel in 2019, additional 
coordination is required with the Service to ensure Gulf sturgeon can 
successfully pass the new weir which will be considerably larger than the existing 
weir (2019 BO, Gulf Sturgeon RPM #2). Re-initiation of formal consultation will 
be required as the designs of the proposed alternatives and associated mitigation 
plans are currently not finalized. Development of the designs and mitigation plans 
will be coordinated with The Service. 

1.7 Other Agency Partners and Interested Parties 

• Rankin County, Hinds County 
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• Environmental Protection Agency (EPA) Region 4 
• Mississippi Department of Environmental Quality (MDEQ) 
• Federal Emergency Management Agency (FEMA) Region IV 
• Mississippi Department of Wildlife Fisheries and Parks (MDWFP) 
• Mississippi Department of Marine Resources (MDMR) 
• Mississippi Natural Resources Conservation Service (MNRCS) 
• LA Department of Wildlife and Fisheries (LDWF) 
• LA Department of Environmental Quality (LDEQ) 
• Louisiana Department of Natural Resources (LDNR) 
• Louisiana Coastal Protection and Restoration Authority (CPRA) 
• U.S. Fish and Wildlife Service Jackson District 
• USFWS Lafayette District 
• Mississippi Department of Archives & History 

1.8 Other Reports and Helpful Information 

• 2019 Rankin Hinds Pearl River Flood and Drainage Control District 
Threatened and Endangered Species Biological Assessment 

• 2019 USFWS Threatened and Endangered Species Biological Opinion 
• Gulf Sturgeon Recovery/Management Plan 
• Ringed Sawback Turtle Recovery Plan 
• Species Status Assessment Report for the Northern long-eared bat 
• Species Status Assessment Report for the Pearl River map Turtle 
• Species Status Assessment Report for the Alligator Snapping Turtle 
• Species Status Assessment Report for the Louisiana pigtoe 
• Species Status Assessment Report for the tricolored bat 

2 Species Effects Analysis 

Alternative A1 is not expected to impact any of the listed species in the area and 
therefore will not be discussed further. 

2.1 Gulf sturgeon (Acipenser oxyrhynchus desotoi) 

2.1.1 Status of the species 

2.1.1.1 Legal status 

The Gulf Sturgeon is listed as Threatened under the Endangered Species Act 
(Federal Register Vol. 56, No. 189, September 30, 1991) 

2.1.1.2 Recovery plans 

The most recent recovery plan available for the Gulf sturgeon is dated 
September 1995 (Annex D3). 

2.1.1.3 Life history information 
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The Gulf sturgeon is an anadromous fish (ascending rivers from the sea for 
breeding) that have historically inhabited coastal rivers from the Mississippi in 
Louisiana to the Tampa Bay in Florida. The Gulf sturgeon is one (1) of two (2) 
geographically dispersed subspecies of the Atlantic Sturgeon (Acipenser 
oxyrhynchus). 

The Gulf sturgeon is characterized by a sub-cylindrical body that is imbedded 
with bony plates or “scutes”. The snout of the fish is greatly extended and 
bladelike and includes four (4) fleshy barbells in front of the mouth. The upper 
lobe of the tail is longer than the lower lobe. Adult specimens generally range in 
size from 1.8 to 2.4 meters (m) or six (6) to eight (8) feet in length. They are 
typically light brown to dark brown in color but are known to vary in color from 
grayish brown to bluish black on their back and sides, grading to white on their 
belly. 

Age at sexual maturity ranges from 8 to 12 years for females and 7 to 9 years for 
males (Huff 1975). The Gulf sturgeon is a long-lived species, with some 
individuals reaching at least 42 years in age (Huff 1975). 

The feeding habits of the Gulf sturgeon vary, depending upon the fish’s age (i.e., 
young-of-year, juvenile, sub-adult, adult) and is closely associated with migration 
and spawning habits. Throughout fall and winter, juveniles feed in the lower 
salinity areas in the river mouth and estuary (Sulak and Clugston 1999; Sulak et 
al. 2009), while subadults and adults migrate and feed in the estuaries and 
nearshore Gulf of Mexico habitat (Foster 1993; Foster and Clugston 1997; 
Edwards et al. 2003, 2007; Parkyn et al. 2007). Some Gulf sturgeon may also 
forage in the open Gulf of Mexico (Edwards et al. 2003). 

The Gulf sturgeon typically inhabits the coastal rivers of the Gulf of Mexico during 
the warmer months of the year and generally overwinters in estuaries and bay 
environments within the Gulf of Mexico. The adults move into the tributary rivers 
for spawning in the spring and return to the Gulf waters in the fall. Spawning 
occurs in the upper reaches of rivers, at least 100 km (62 miles) upstream of the 
river mouth (Sulak et al. 2004), in habitats consisting of one or more of the 
following: limestone bluffs and outcroppings, cobble, limestone bedrock covered 
with gravel and small cobble, gravel, and sand (Marchant and Shutters 1996; 
Sulak and Clugston 1999; Heise et al. 1999a; Fox et al. 2000; Craft et al. 2001; 
USFWS unpub. data 2005; Pine et al. 2006). These hard bottom substrates are 
required for egg adherence and shelter for developing larvae (Sulak and 
Clugston 1998). Documented spawning depths range from 1.4 to 7.9 m (4.6 to 26 
ft) (Fox et al. 2000; Ross et al. 2000; Craft et al. 2001; USFWS unpub. data 
2005; Pine et al. 2006). 

Further details on life history can be found in Annex D1. 

2.1.1.4 Conservation needs 
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There are currently no conservation plans for the Gulf sturgeon.  However, there 
is a Recovery Plan dated 1995 that includes an outline for recovery actions 
addressing threats to the Gulf sturgeon. Below are the main objectives. See 
Appendix D1 for further details. 

• Determine essential ecosystems, identify essential habitats, assess 
population status, and refine life history investigations in management unit 
rivers. 

• Protect individuals, populations, and their habitats. 
• Coordinate and facilitate exchange of information on Gulf sturgeon 

conservation and recovery activities. 

2.1.2 Environmental baseline 

2.1.2.1 Species presence and use 

Alternative C and CTO Alternative 

Recent studies for the Gulf sturgeon have not been conducted in this reach of the 
Pearl River and survey data from this area is not prevalent; however, in 2021, a 
Gulf sturgeon was detected above the waterworks sill in LeFleur's Bluff State 
Park and in 2022 the same sturgeon was detected closer to the spillway of Ross 
Barnet (Michael J. Andres, Ph.D., pers. comm. January 12, 2023). There are 
also unconfirmed sightings of Gulf sturgeon as far upstream as the City of 
Jackson, Mississippi, in Hinds County which is within the Action Area (Morrow et. 
al. 1996; Lorio 2000; Slack, pers. comm. 2002). There have been 24 Gulf 
sturgeon captured by commercial fishermen, eight of which being captured within 
the Action Area and the most recent of those captures occurring, a juvenile, in 
2008. 

The potential spawning habitat in the project area is believed to be minimal and 
significantly degraded due to the urbanization within the area and past flood 
control efforts. With the inclusion of the fish passage around the relocated weir, 
any adverse effects to potential spawning habitat thought to be associated with 
construction of the project would be minimized. There is no documented 
evidence that spawning activities occur within the project area. If there is 
spawning upstream of the weir, the presence of a reservoir without flow does 
cause large issues for juvenile fish. Post-hatching the sturgeon larvae go into a 
drift phase and if the velocities slow into a lake-like setting they will likely not 
survive. They are not great swimmers at this life stage and if they end up in a 
reservoir they can be exposed to excess predators among other threats. 

2.1.2.2 Species conservation needs within the action area 

There are currently no conservation plans for the Gulf sturgeon.  However, there 
is a Recovery Plan dated 1995 that includes an outline for recovery actions 
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addressing threats to the Gulf sturgeon. Below are the objectives that might be 
applicable to the action area.  See Annex D3 for further details. 

• Survey, monitor, and model populations. 
• Reduce or eliminate unauthorized take. 
• Identify and eliminate known or potentially harmful chemical contaminants, 

and water quantity and water quality problems which could impede 
recovery of Gulf sturgeon. 

• Restore, enhance, and provide access to essential habitats. 

2.1.2.3 Habitat condition (general) 

Alternative C and CTO Alternative 

The extent of potential habitat for the Gulf sturgeon, within the project area, is 
estimated to be approximately 230.0 acres (~9.5 linear miles) within the confines 
of the existing Pearl River channel from just north of U.S. Highway 25 southward 
to the proposed weir location south of U.S. Interstate 20. Bedrock and limestone 
outcroppings that are typical of Gulf sturgeon spawning areas in other river 
systems do not occur here. However, within the Pearl River drainage, spawning 
areas likely include soapstone, hard clay, gravel and rubble areas, and undercut 
banks adjacent to these substrates (W. Slack, pers. comm. 2001). 

2.1.2.4 Influences 

Over- fishing, associated with the commercial uses, resulted in a significant 
decline in Gulf sturgeon numbers throughout most of the 20th century. Incidental 
catch of Gulf sturgeon in other fisheries occurred at significant levels during the 
same time periods. Habitat losses associated with the construction of water 
control structures including dams and sills along the Gulf of Mexico drainage 
basins have contributed to a decline in populations throughout the historic range. 
Dam construction in several of the rivers has severely restricted the sturgeon’s 
access to historic migration routes and spawning areas. Water quality such as 
pollution, temperature, and dissolved oxygen levels are also a threat. 

2.1.2.5 Additional baseline information 

There is no additional baseline information. 

2.1.3 Effects of the action 

2.1.3.1 Indirect interactions 

Alternative C 

Until a vegetative cover is established along the excavated areas, all disturbed 
areas would be subject to erosion. This could potentially cause excess sediment 
to flow downstream approximately 1.6 miles south of the construction area and 
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erosion could be exacerbated in that area until the riverbank has stabilized. The 
turbidity would be additive to any downstream riverbank erosion resulting from 
sediments being trapped behind the weir after its construction. Increased 
sediment and turbidity can result in decreased light penetration and decreased 
photosynthesis. Production of benthic organisms also can be reduced by high 
levels of sediment. 

With the construction of the 1,500-foot-wide weir structure and resulting 
impoundment from the weir, changes to the velocity and water surface elevation 
would occur within the Action Area. The weir has been designed to match the 
current discharge of the river; therefore, there should not be significant change in 
discharge after the target area has filled to the top of the weir. The migratory 
blockage caused by the weir structure could impact the sturgeon’s ability to swim 
north of the structure unless there are high water events; however, a fish 
passage channel has been included as part of the project design to minimize the 
impacts on aquatic species migration. Flow conditions would need to meet the 
needs of the species to allow for navigation of the passage. These conditions 
include water velocity that does not exceed the sturgeon’s swim speed and 
enough water flow levels for the species to be able to swim through it. 

Studies have shown that Gulf sturgeon cannot swim against currents greater 
than 1 to 2 meters per second (mps) (3 to 6 fps). Studies on fish passage 
attraction speed flow has shown that the recommended flow should be between 
2 and 4 fps with sustained swim speed ranges for sturgeon to be in the range 
of 3 to 4 fps (Cheong et al. 2006; White and Mefford 2002). At this time, there is 
only a conceptual model of the fish passage channel, approximately 1.4 miles 
long of a curving channel, with the possible velocities ranging anywhere from 1 to 
7 fps. The optimal velocities of 2 to 4 fps will be considered during detail design 
of the fish passage. Velocity analysis is needed to determine the indirect impacts 
to GS due to construction of the fish passage. 

CTO Alternative 

While the specific features of the CTO alternative have not been determined, this 
alternative is expected to have substantially less impacts compared to Alternative 
C if a new weir is not constructed, but similar impacts to Alternative C if a new 
weir is constructed. 

2.1.3.2 Direct interactions 

Alternative C 

Approximately 207.7 acres of open water would be impacted by the channel 
excavation. While the construction activities are being conducted, the disturbance 
to the sediment would increase the turbidity in the river. Increased sediment and 
turbidity can result in decreased light penetration and decreased photosynthesis. 
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High levels of sediment can settle on fish spawning areas and smother fish eggs 
and larvae. Sediments can settle on respiratory surfaces of fish and aquatic 
organisms and interfere with respiration. The increased sedimentation and 
turbidity in the river from the channel excavation and levee relocation would have 
impacts on the macroinvertebrate prey for any juvenile Gulf sturgeon that would 
be temporarily feeding in the Action Area. 

CTO Alternative 

While the specific features of the CTO alternative have not been determined, this 
alternative is expected to have substantially less impacts compared to Alternative 
C if a new weir is not constructed, but similar impacts to Alternative C if a new 
weir is constructed. 

2.1.4 Cumulative effects 

For purposes of consultation under ESA Section 7, cumulative effects are those 
caused by future state, tribal, local, or private actions that are reasonably certain 
to occur in the Action Area. Future Federal actions that are unrelated to the 
proposed action are not considered, because they require separate consultation 
under Section 7 of the ESA. At this time the USACE is unaware of any future 
state, tribal, local, or private non-Federal unrelated to the proposed action that 
are reasonably certain to occur in the Action Area. 

2.1.5 Discussion and conclusion 

Alternative C 

To offset or reduce impacts to Gulf sturgeon, a 1-mile fish passage would be 
constructed at the location of the new weir. This would allow for migration 
upriver that would have otherwise been cut off due to the weir. 

Based upon literature review, available survey data, the current status of the 
species, the environmental baseline for the action area, and the effects of the action, the 
USACE has determined that implementation of Alternative C is likely to adversely affect 
but is not likely to jeopardize the continued existence of, the Gulf sturgeon. 
CTO Alternative 

A determination cannot be made at this time for the CTO.  Once measures are identified 
and if the CTO is recommended for implementation, the USACE will re-initiate ESA 
consultation. 

2.2 Ringed Sawback (ringed map) Turtle (Graptemys oculifera) 

2.2.1 Status of the species 

2.2.1.1 Legal status 
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The ringed sawback turtle is listed as threatened under the Endangered Species 
Act (Federal Register Vol. 51, No. 246, December 23, 1986) 

2.2.1.2 Recovery plans 

The most recent recovery plan available for the ringed map turtle is dated April 
1988. (Annex D3) 

2.2.1.3 Life history information 

The ringed map turtle is a small (7.5 to 22 cm) narrow-headed turtle with laterally 
compressed, black, spine-like vertebral projections and a slightly serrated 
posterior carapacial margin. The carapace is dark olive-green and each pleural 
has a broad yellow or orange circular mark. 

The ringed map turtle is a wholly carnivorous species, with insects and mollusks 
constituting their principal diet. In addition, they are also thought to be 
opportunistic in their feeding habits with fish and carrion as occasional food 
sources. 

The ringed map turtle’s habitat is typically riverine with a moderate current and 
numerous basking structures. This species has also been observed in oxbow 
lakes that are connected or disconnected from the main river system. 

Nesting habitat consists of large, high sand bars adjacent to the river. Sandbars 
range in size from 430 square feet (40 square meters) to over 2.2 acres (8,900 
square meters) and are generally composed of 39 percent open sand, 38 percent 
herbaceous vegetation, and 23 percent woody vegetation (Jones 2006). Nesting 
is initiated in May and ends in August with multiple (2 to 3) clutches per year 
being common. 

Average longevity estimates were 13.9 for females and 8.5 years for males. 
Males mature at about 4.6 years of age while females mature about 9.1 years of 
age (Jones 2017). 

Further details on life history can be found in Annex D1. 

2.2.1.4 Conservation needs 

There are currently no conservation plans for the ringed map turtle. However, 
there is a Recovery Plan dated 1988 that includes an outline for recovery actions 
addressing threats to the ringed map turtle. Below are the main objectives.  See 
Annex D3 for further details. 

• Protection of a total of 150 miles of the turtle's habitat in two reaches of 
the Pearl River. There must be a minimum of 30 miles in either reach with 
the total protected area totaling 150 river miles. 
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• Evidence of a stable or increasing population over at least a ten-year 
period in these two Pearl River reaches. 

• An established, continuing plan of periodic monitoring of population trends 
and habitat to ensure a stable population in these river reaches. 

2.2.2 Environmental baseline 

2.2.2.1 Species presence and use 

Alternative C and CTO Alternative 

Populations are known to occur within the Pearl River system from the Neshoba 
County, Mississippi headwaters area, southward downstream through St. 
Tammany Parish, Louisiana. The ringed map turtle populations are restricted 
primarily to the main channel of the Pearl River and the lower portions of its 
largest tributary, the Bogue Chitto River. To date, the highest densities of turtles 
have been documented in two survey areas, above the Ross Barnett Reservoir 
and below the Ross Barnett Reservoir dam southward to approximately MS 
Highway 25, upstream of the proposed Project Area. 
ringed map turtles are found throughout all reaches of the Pearl River within the 
Action Area, with lower numbers in the channelized sections of the River (just 
south of RM 293 to approximately RM 287). 

Approximately 40 percent of the proposed excavation area has little or 
no riparian habitat and little to no natural basking and feeding habitat, especially 
within the channelized portion. Selman (2018) found a greater concentration of 
turtles within forested riparian sites along this portion of the river. He also 
documented nest sites, turtle nesting crawls, and juvenile turtles all indicative of 
successful recruitment occurring in all stretches of the Action Area, including the 
area with reduced riparian habitat. It is estimated that a total of approximately 
5,108 turtles occur in the Action Area. 

2.2.2.2 Species conservation needs within the action area 

There are currently no conservation plans for the ringed map turtle. However, 
there is a Recovery Plan dated 1988 that includes an outline for recovery actions 
addressing threats to the ringed map turtle. Below are the objectives that might 
be applicable to the action area. Annex D3 contains further details. 

• Estimate number of ringed map turtles per mile in each of the study 
reaches. 

• Determine seasonal and daily activity. 
• Determine if the species moves any distance during its lifetime and 

barriers to such movement, if any. 
• Protect two river reaches from activities that would cause a decline of this 

species' population. 
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• Develop and implement a monitoring plan to evaluate effectiveness of 
protective measures and to track population trends. 

2.2.2.3 Habitat condition (general) 

Alternative C and CTO 

Habitat for the ringed map turtle is typically riverine with a moderate current and 
numerous basking logs. Populations are typically most abundant in areas of the 
river that have moderate to fast currents with deep water and sand and gravel 
bottoms. It is also important that the riverine habitat include numerous basking 
logs located in direct sunlight and with large sparsely vegetated sandbars that 
provide nesting habitat. The river channel itself must be wide enough to allow 
sunlight to penetrate for several hours a day. Nesting habitat for the turtles 
appears to be strictly limited to large, high sand and gravel bars located adjacent 
to the river channel. 

The project area contains habitat that has been previously manipulated by the 
construction of levee’s, channelization/straightening of the river, and elimination 
of a riparian buffer in places. Moreover, there is little natural basking habitat 
inside the project area. 

2.2.2.4 Influences 

Decline in populations of the ringed map turtle in certain areas of the 
Pearl River system have been attributed to habitat modifications, primarily 
associated with dredging and/or other navigational and flood control projects. 
Water quality degradation also seems to play an important role in population 
declines, over time, as has over-collecting of the species for the pet trade. In 
addition, recreational and other similar activities on the river may also cause 
habitat destruction, over time, especially as it relates to available nesting habitat 
on sandbars and/or the nesting activity itself. Predation of nests by raccoons, 
armadillos, and fish crows is also a threat to populations. The impact of human 
disturbance, primarily recreating (e.g., camping, picnicking, boating) to nesting 
turtles and/or nests has been pointed to as another source of decline in the 
population (Jones 2006; Jones 2017; Selman and Jones 2017). Direct mortality 
associated with recreational and commercial fishing and recreational boating has 
been identified as another impact to Graptemys populations (Bluté et al. 2010; 
Selman et al. 2013; Smith et al. 2018). Jones (2017) expressed a concern about 
those same activities impacting the ringed map turtle. 

2.2.2.5 Additional baseline information 

There is no additional baseline information. 

2.2.3 Effects of the action 

2.2.3.1 Indirect interactions 
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Alternative C 

The establishment of an approximate 1,700-acre impoundment from weir 
construction will result in changes in the velocity and water surface elevation 
within the project area. Because the weir has been designed to match the current 
discharge of the river there should not be a significant change in discharge once 
flows begin overtopping the weir. The current lotic habitat will be replaced with a 
lentic habitat which has been proven by the Ross Barnett Reservoir to not 
support the persistence of the ringed map turtle. 

The riparian zone will be almost eliminated, and development is planned for most 
of the areas of fill surrounding the improved channel. This would eliminate 
available habitat and increase disturbance. There is potential for existing nests to 
be flooded during filling of the pool area behind the weir if this occurs from May to 
October. Details of how the filling will be undertaken have not been finalized but 
would be coordinated with the Service. 

Free-flowing river reaches typically support a higher quality macroinvertebrate 
community while pool communities typically consist of relatively few taxa 
dominated by oligochaetes and chironomid larvae that are more tolerant of 
poorer water quality. Until recolonization of macroinvertebrates the competition 
for food resources within the channelized area would impact all ringed map 
turtles within the impoundment. 

Turtles downstream of the proposed weir are likely to experience short-term 
impacts associated with increased sediment/siltation on sandbars and basking 
material during construction. However, once sediment runoff issues have 
dissipated due to high streamflow events, it is expected that the habitat 
immediately downstream of the weir would remain suitable for the ringed map 
turtle. 

Fluctuations and stratifications in the water quality (e.g., DO) like what occurs in 
the Ross Barnett Reservoir (larger but similar in depth) could be expected. This 
could result in poorer and/or reduced food sources because of decreased water 
quality and the potential influence of contaminants. Modeling of the project area 
indicates that water quality should not significantly decline, and ringed map 
turtles are currently persisting in the area with the ongoing discharges. Therefore, 
it is assumed that while some water quality changes may occur, they would not 
have an adverse effect. 

The fish -passage channel would provide approximately 1 mile (0.2 percent of 
the species range) of flowing water during low flow periods when the channelized 
area would experience low velocities. Depending on the width and velocities of 
this feature it could provide additional habitat for the ringed map turtle and would 
prevent isolation of the populations up and down stream of the weir. 
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It is anticipated that downstream of the weir would experience some degree of 
instability that would occur over several years with the capture of small amounts 
of sediment. Impacts from this would result primarily from an increase in turbidity 
decreasing potential food sources. 

CTO Alternative 

While the specific features of the CTO alternative have not been determined, this 
alternative is expected to have substantially less impacts compared to Alternative 
C if a new weir is not constructed, but similar impacts to Alternative C if a new 
weir is constructed. 

2.2.3.2 Direct interactions 

Alternative C 

Disturbance from excavating 25 million cubic yards of material from 
approximately 1,901 acres within and adjacent to the river over approximately 
two years could result in death of individuals if they are unable to escape the 
construction work area. Aquatic turtle research that focused on disturbances 
associated with construction found that aquatic turtles within a construction area 
would move up or downstream from the construction activity (Chen and Leu 
2009; Plummer and Mills 2008). Therefore, it is reasonable to assume that many 
turtles currently found in the proposed impounded area will slowly move away 
from construction activities. Turtles in the construction area are expected to be 
disturbed in some form of alteration of normal feeding, basking, and nesting 
activities while channel excavation activities are taking place and they are 
displaced from the construction site. 

CTO Alternative 

While the specific features of the CTO alternative have not been determined, this 
alternative is expected to have substantially less impacts compared to Alternative 
C if a new weir is not constructed, but similar impacts to Alternative C if a new 
weir is constructed. 

2.2.4 Cumulative effects 

For purposes of consultation under ESA Section 7, cumulative effects are those 
caused by future state, tribal, local, or private actions that are reasonably certain 
to occur in the Action Area. Future Federal actions that are unrelated to the 
proposed action are not considered, because they require separate consultation 
under Section 7 of the ESA. At this time the USACE is unaware of any future 
state, tribal, local, or private non-Federal unrelated to the proposed action that 
are reasonably certain to occur in the Action Area. 

2.2.5 Discussion and conclusion 
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Alternative C 

Previous consultation resulted in the following to offset or reduce direct losses of 
turtles due to construction.  However, USACE is currently coordinating with 
USFWS to determine if these measures are still applicable. Up to 2,018 eggs 
would be relocated outside the construction area and protected from predators 
and 20 individuals (0.03 percent of the total population) would be relocated from 
Cypress Lake to the Pearl River. In addition, up to 1,600 individuals (1 percent of 
the total population) would be trapped, tagged, data collected, tracked, observed, 
and monitored in the Action Area population. 

Additional offsets to turtle losses that could be implemented as part of the Action 
include: (1) the creation and protection of 31.4 acres of nesting habitat (estimated 
to produce at least 1,176 nests) and adjacent basking habitat and predator 
control; (2) the establishment and enforcement of no-wake zones to reduce boat 
strikes and disturbance during basking; (3) the placement of public access 
conditions to reduce disturbances to basking and nesting behaviors and habitats 
(4) the creation of an approximately 1 mile fish by-pass, and (5) the protection of 
10 miles of riverbank that would prevent the development and destruction of 
riparian habitat utilized by the turtle and also reduce nesting and basking 
disturbances. 

Based upon literature review and available survey data, and the effects of the 
action (both detrimental and beneficial activities proposed), the USACE has 
determined that implementation of Alternative is likely to adversely affect but is 
not likely to jeopardize the continued existence of the ringed map turtle. 

CTO Alternative 

A determination cannot be made at this time for the CTO.  Once measures are identified 
and if the CTO is recommended for implementation, the USACE will re-initiate ESA 
consultation. 

2.3 Northern long-eared bat (NLEB) (Myotis septentrionalis) 

2.3.1 Status of the species 

2.3.1.1 Legal status 

The NLEB is listed as an endangered species under the Act (87 FR 73488 
November 30, 2022) 

2.3.1.2 Recovery plans 

There are currently no recovery plans for the NLEB. However, there is a SSA 
dated August 2022 (Annex D3). 

2.3.1.3 Life history information 

24 



 
 

  
 

  
  

  
    

 
  

  
      

  
  

 
 

 
 

  
  

 
  
   
   

   

  

   

  
 

 
 

 

   
 

 
  

  

  

NLEB, a wide-ranging bat species, found in 37 states and 8 provinces in North 
America, typically overwinters in caves or mines and spends the remainder of the 
year in forested habitats. The NLEB individuals are typically approximately 3.0 to 
3.7 inches in length with a wingspan of approximately 9.0 to 10.0 inches. The bat 
is distinguished by its long ears, particularly when compared to the other bats in 
the same genus, Myotis. The primary diet for the NLEB is insects including 
moths, flies, leafhoppers, caddisflies, and beetles. 

2.3.1.4 Conservation needs 

The SSA dated August 2022 includes conservation efforts for the NLEB.  Below 
are the conservation efforts listed in the SSA.  See Annex D3 for further details. 

• NLEB receives varying degrees of protection through state laws as it is 
designated as Endangered in Arkansas, Connecticut, Delaware, Indiana, 
Maine, Massachusetts, Missouri, New Hampshire, Vermont; Threatened in 
Georgia, Illinois, Louisiana, Maryland, New York, Ohio, Pennsylvania, 
Tennessee, Virginia, and Wisconsin; and Special Concern in Alabama, 
Iowa, Michigan, Minnesota, Mississippi, Oklahoma, South Carolina, South 
Dakota, West Virginia, and Wyoming. 

• Multiple national and international efforts are underway in attempt to 
reduce the impacts of white nose syndrome by determining the cause of 
the disease and reducing or slowing its spread. 

• Operational strategies at wind power facilities. 
• Forestry programs/forest management 
• Bat-friendly gates to protect important hibernation sites. 

2.3.2 Environmental baseline 

2.3.2.1 Species presence and use 

Alternative C and CTO Alternative 

Although the USFWS ECOS webpage does not include the counties of Hinds 
and Rankin as part of the NLEB range, the Service has identified what is referred 
to as the White-Nose Syndrome Buffer Zone that includes all areas within 150 
miles of the boundaries of U.S. counties or Canadian districts where the fungus 
has previously been detected. The established buffer zone includes both Hinds 
and Rankin Counties within the Project Area. 

At this point, the Service does not have survey data that would indicate what the 
migration patterns are for the NLEB. More specifically, little is known whether the 
available summertime woodland habitat present within the Project Area is being 
utilized by the NLEB. No existing data is available that would indicate that the 
NLEB currently utilizes the Project Area during the summer migration. 

2.3.2.2 Species conservation needs within the action area 
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The SSA dated August 2022 includes conservation efforts for the NLEB.  Below 
are the conservation efforts listed in the SSA that might be applicable to the 
action area.  See Annex D3 for further details. 

• NLEB receives protection through Mississippi state law as it is designated 
as Endangered in Mississippi. 

2.3.2.3 Habitat condition (general) 

Alternative C and CTO Alternative 

NLEBs typically roost singly or in maternity colonies underneath bark or more 
often in cavities or crevices of both live trees and snags (Sasse and Pekins 1996, 
p. 95; Foster and Kurta 1999, p. 662; Owen et al. 2002, p. 2; Carter and 
Feldhamer 2005, p. 262; Perry and Thill 2007, p. 222; Timpone et al. 2010, p. 
119). Males’ and non-reproductive females’ summer roost sites may also include 
cooler locations, including caves and mines (Barbour and Davis 1969, p. 77; 
Amelon and Burhans 2006, p. 72). NLEBs are flexible in tree species selection 
and while they may select for certain tree species regionally, likely are not 
dependent on certain species of trees for roosts throughout their range; rather, 
many tree species that form suitable cavities or retain bark will be used by the 
bats opportunistically (Foster and Kurta 1999, p. 668; Silvis et al. 2016, p. 12; 
Hyzy 2020, p. 62). 

NLEBs are thought to predominantly overwinter in hibernacula that include caves 
and abandoned mines. NLEBs are typically found roosting singly or in small 
numbers in cave or mine walls or ceilings, often in small crevices or cracks. 

2.3.2.4 Influences 

The Northern Long-eared Bat (NLEB) is one of the species of bats that have 
been most impacted by the spread of the white- nose syndrome disease 
and has experienced significant declines in populations because of the spread of 
the disease. Secondary threats to the NLEB include the disturbance of roosts 
and hibernation areas, forest management practices, and forest habitat 
modifications (development, wind power development). 

2.3.2.5 Additional baseline information 

There is no additional baseline information. 

2.3.3 Effects of the action 

2.3.3.1 Indirect interactions 

Alternative C 
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The proposed project would remove potential roosting and foraging habitat 
(forests and structures such as abandoned bridges) and could result in potential 
adverse effects. 

CTO Alternative 

While the specific features of the CTO alternative have not been determined, this 
alternative could have similar impacts compared to Alternative C if clearing of 
existing forests is implemented, but fewer impacts than Alternative C if clearing is 
not included or is to a lesser degree. 

2.3.3.2 Direct interactions 

Alternative C and CTO Alternative 

No direct interactions are anticipated as no existing data is available that would 
indicate that the NLEB currently utilizes the project area. 

2.3.4 Cumulative effects 

For purposes of consultation under ESA Section 7, cumulative effects are those 
caused by future state, tribal, local, or private actions that are reasonably certain 
to occur in the Action Area. Future Federal actions that are unrelated to the 
proposed action are not considered, because they require separate consultation 
under Section 7 of the ESA. At this time the USACE is unaware of any future 
state, tribal, local, or private non-Federal unrelated to the proposed action that 
are reasonably certain to occur in the Action Area. 

2.3.5 Discussion and conclusion 

Alternative C 

The proposed project will not occur near or affect any known maternity roost 
trees but will remove potential roosting and foraging habitat and could result in 
potential adverse effects. Under the final 4(d) rule, any incidental take resulting 
from forest conversion as a part of the channel excavation and levee realignment 
action of this project would be considered incidental take resulting from otherwise 
lawful activities and is not prohibited under the Endangered Species Act. 
Accordingly, the USACE has determined that the action may affect, but is not 
likely to adversely affect the NLEB. 

CTO Alternative 

A determination cannot be made at this time for the CTO.  Once measures are identified 
and if the CTO is recommended for implementation, the USACE will re-initiate ESA 
consultation. 

2.4 Pearl River Map Turtle (PRMT) (Graptemys pearlensis) 
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2.4.1 Status of the species 

2.4.1.1 Legal status 

The current listing of the Pearl River map turtle is “Proposed Threatened” 
(Federal Register Vol. 86, No. 223, November 23, 2021, p66624) 

2.4.1.2 Recovery plans 

There are currently no recovery plans for the PRMT. However, there is a Species 
Status Assessment Report (SSA) dated April 2021 (Annex D3). 

2.4.1.3 Life history information 

The PRMT is endemic to the Pearl River drainage in Mississippi and Louisiana. 
Rankin and Hinds Counties are included in the Counties with known records for 
the species in the state of Mississippi. The occupied range of the PRMT includes 
portions of the Pearl River, West Pearl River, Bogue Chitto, East Pearl River, 
Yockanookany River, Strong River, Holmes Bayou, Pearl Navigation Canal, 
Lobutcha Creek, Tuscolometa Creek, Pelahatchie Creek, Purvis Creek, 
Pushepatapa Creek, Topisaw Creek, Magees Creek, Hobolochitto Creek, and 
West Hobolochitto Creek. This species has also been reported in upper reaches 
of the Ross Barnett Reservoir. 

The PRMT is a moderate-sized highly aquatic turtle found in the Pearl River 
drainage area of Louisiana and Mississippi. The PRMT exhibits sexual 
dimorphism with males and females differing in size. Female PRMTs have an 
average carapace length of 295 mm, with the male PRMT having an average 
carapace length of 121 mm. The PRMT exhibits a high-domed shell with a 
median keel, featuring salient spines on the rear portions of the anterior vertebral 
scutes; although similar visually, the spines are considerably smaller to that of 
the ringed map turtle’s. A key distinguishing feature of the PRMT is the complete 
dark stripe along the median keel. The background color of the carapace is olive 
green, with vermiculation and yellow pigmentation present. The plastron is 
generally flat and pale yellow with dark pigmentations along the seams. 

The PRMT is a wholly carnivorous species, with insects and mollusks constituting 
their principal diet. In addition, they are also thought to be opportunistic in their 
feeding habits with fish and carrion as occasional food sources. A recent study 
found that mature females consume mostly Asian clams (Corbicula fluminea), 
while males and unsexed juveniles eat insects, with mature males specializing in 
caddisfly larvae and consuming more mollusks than juveniles (Vuc̆enović and 
Lindeman 2020, entire). In fecal samples from a site on the Pearl River, the diet 
for both sexes of all sizes combined was composed of 44 percent fish, 25 percent 
mollusks, and 25 percent insects (McCoy and Vogt, unpubl. data reported in Lovich 
et al. 2009, p. 029.4). 
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A study on the ringed map turtle (Graptemys oculifera), found that PRMTs were 
more frequently seen basking later in the afternoon than ringed map turtles, and 
suggested that more PRMTs might have been detected if more surveys were 
conducted after 3 pm (Dickerson and Reine 1996, p.8). 

PRMTs excavate nests and lay their eggs on sandbars and beaches along 
riverbanks during the late spring and early summer months. The time from 
deposition to nest emergence by hatchlings in natural clutches average 69.3 days. 
An average clutch size of 6.4 eggs with a range of 4-9 eggs was reported for the 
PRMT and stated that females probably produce multiple clutches per year (Ennen 
et al. 2016, pp. 094.4-094.6). 

Humans, alligators, alligator snapping turtles and otters are predators of adult 
PRMTs, with eggs and hatchlings more susceptible to small mammals, snakes, 
and crows. Red imported fire ants have also been documented invading turtle 
nests in the southeastern United States and can cause nest failure and hatchling 
mortality (Buhlmann and Coffman 2001, entire). 

2.4.1.4 Conservation needs 

The SSA dated April 2021 includes conservation measures for the PRMT.  Below 
are the federal conservation measures listed in the SSA.  See Annex D3 for 
further details. 

• The same recovery actions that are listed for the ringed sawback turtle 
could benefit the PRMT (see section 2.2.1.4). 

• The Clean Water Act of 1972 which encourages avoidance, minimizing 
and requires mitigation for unavoidable impacts to the aquatic 
environment and habitats. This includes protecting the riverine habitat 
occupied by the PRMT. 

• The Endangered Species Act (Act) could offer some protection as the 
PRMT likely receives ancillary protection where it co- occurs with other 
species listed under the ESA. 

• A Comprehensive Conservation Plan (CCP) has been developed under 
The National Wildlife Refuge System Administration Act (NWRAA) to 
provide the framework of fish and wildlife management on the Bogue 
Chitto National Wildlife Refuge (U.S. Fish and Wildlife Service 2011, 
entire). Within the CCP, specific actions are described to protect the 
ringed map turtle that will also benefit the PRMT which occurs on the 
Refuge. 

• The Sikes Act Improvement Act (1997) led to Department of Defense 
guidance regarding development of Integrated Natural Resources 
Management Plans (INRMP) for promoting environmental conservation on 
military installations. There are records of the PRMT from Stennis WMA 
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(Buhlman 2014, pp. 11-12, 31-32). The U.S. Navy has developed an 
INRMP for the Stennis WMA (U.S. Navy 2011, entire). 

2.4.2 Environmental baseline 

2.4.2.1 Species presence and use 

Alternative C and CTO Alternative 

The project area is in Rankin and Hinds Counties, Mississippi which are included 
in the Counties with known records for the species in the state of Mississippi. 
This species has also been reported in upper reaches of the Ross Barnett 
Reservoir. 

PRMTs can be found within the project area despite the lack of a well-defined 
riparian buffer, lack of preferred habitat, sedimentation accumulation, relatively 
low stream velocities, lack of basking habitat, and a smaller percentage of 
sandbars. It has been shown in studies that population densities for the species 
are higher above and below the project area. 

2.4.2.2 Species conservation needs within the action area 

The Species Status Assessment Report (SSA) dated April 2021 includes 
conservation measures for the PRMT.  Below are the state conservation 
measures that might be applicable to the action area. See Annex D3 for further 
details. 

• The same recovery actions that are listed for the ringed sawback turtle 
could benefit the PRMT (see section 2.2.2.2). 

• Protections under state law are limited to licensing restrictions for take for 
personal use of nongame species in need of management (which includes 
native species of turtles). A Mississippi resident is required to obtain one 
of three licenses for capture and possession of PRMTs. 

• The Mississippi Comprehensive Wildlife Action Plan (MMNS 2015, entire) 
includes recovery of species designated as Species of Greatest 
Conservation Need (SGCN) which includes the PRMT. 

2.4.2.3 Habitat condition (general) 

Alternative C and CTO 

PRMTs occur in sand and gravel-bottomed rivers and creeks with dense 
accumulations of deadwood; they have not been documented in oxbow lakes or 
other floodplain habitats. They were notably absent from lakes where the ringed 
map turtle is present but do occur at the upstream reach of Ross Barnett 
Reservoir (Lindeman 2013, p. 298). Emergent deadwood serves as 
thermoregulatory basking structure, foraging structure for males and juveniles 
(Selman and Lindeman 2015, pp. 794-795), and as an overnight resting place for 
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males and juveniles (Cagle 1952, p. 227). PRMT density was greater on 
mainstem reaches and large tributaries than on small tributaries (Lindeman 2019, 
pp. 13-18). 

2.4.2.4 Influences 

Climate change, water quality, habitat degradation, invasive species, collection, 
and disease all influence the persistence of the species. 

Variability in climate may affect ecosystem processes and communities resulting 
in potential effects on community composition and individual species interactions 
(DeWan, et al., 2010, p. 7). These changes have the potential to impact PRMTs 
and/or their habitat. 

The dual stressors of climate change and direct human impact have the potential 
to impact aquatic ecosystems by altering stream flows and nutrient cycles, 
eliminating habitats, and changing community structure (Moore et al. 1997, pp. 
942). 

Degradation of stream and wetland systems through reduced water quality and 
increased concentrations of contaminants can affect the occurrence and 
abundance of freshwater turtles (DeCatanzaro and Chow-Fraser 2010, p. 360). 

Dredging and channelization modify and destroy habitat for aquatic species by 
destabilizing the substrate, increasing erosion and siltation, removing woody 
debris, decreasing habitat heterogeneity, and stirring up contaminants which 
settle onto the substrate (Williams et al. 1993, pp. 7-8; Buckner et al. 2002, 
entire; Bennett et al. 2008, pp. 467-468). Considerably low densities of PRMTs 
were observed in the lower reaches of the Pearl, where much channelization and 
flow diversion has occurred (Lindeman 2019, pp. 23-29). 

Impoundment of rivers is a primary threat to aquatic species in the southeast 
(Folkerts 1997, p. 11; Buckner et al. 2002, entire). Dams modify habitat 
conditions and aquatic communities both upstream and downstream of an 
impoundment (Winston et al. 1991, pp. 103-104; Mulholland and Lenat 1992, pp. 
193-231; Soballe et al. 1992, pp. 421-474). Dams fragment habitat for aquatic 
species by blocking corridors for migration and dispersal, resulting in population 
geographic and genetic isolation and heightened susceptibility to extinction 
(Neves et al. 1997, unpaginated). 

The degree to which invasive species effect the PRMT has not been studied, but 
the diet of mature females may have been broader before the introduction of 
Asian Clams (Corbicula fluminea) and removal of invasive vegetation on 
sandbars has been suggested as nesting habitat management (Selman and 
Lindeman 2015, p. 794-795; Lindeman 2019, p. 33). 
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Exploitation of PRMTs for the pet trade domestically and in Asian markets has 
been documented, but the degree of impact is unclear, as it is unknown whether 
captive individuals were Pascagoula ringed map turtles orPRMTs (Lindeman 
1998, p. 137; Cheung and Dudgeon 2006, p. 756; USFWS 2006, p. 2; Selman 
and Qualls 2007, p. 32-34; Ennen et al. 2016, p. 094.6). 

Ranaviruses are capable of infecting turtles. Aquatic turtles share habitat with 
susceptible fish and amphibian populations and as a result may be more at risk 
of infection than terrestrial turtles (Wirth et al. 2018, p. 6). 

2.4.2.5 Additional baseline information 

There is no additional baseline information. 

2.4.3 Effects of the action 

2.4.3.1 Indirect interactions 

Alternative C 

The establishment of a 1,700-acre impoundment from weir construction will result 
in changes in the velocity and water surface elevation within the project area. 
Because the weir has been designed to match the current discharge of the river 
there should not be a significant change in discharge once flows begin 
overtopping the weir. The current lotic habitat will be replaced with a lentic habitat 
which would not support the persistence of the PRMT. 

The riparian zone will be almost eliminated, and development is planned for most 
of the areas of fill surrounding the improved channel. This would eliminate 
available habitat and increase disturbance. There is potential for existing nests to 
be flooded during filling of the pool area behind the weir if this occurs late spring 
to early summer months. Details of how the filling will be undertaken have not 
been finalized but would be coordinated with the Service. 

Free-flowing river reaches typically support a higher quality macroinvertebrate 
community while pool communities typically consist of relatively few taxa 
dominated by oligochaetes and chironomid larvae that are more tolerant of 
poorer water quality. Until recolonization of macroinvertebrates is the competition 
for food resources within the channelized area would impact any Pear River 
ringed map turtles within the impoundment. It is expected that there would be 
more of a decline of PR ringed map turtles than there would be of ringed 
sawback turtles as PR ringed map turtles are riverine obligates while ringed 
sawback turtles tend to be more generalists. 

Turtles downstream of the proposed weir are likely to experience short-term 
impacts associated with increased sediment/siltation on sandbars and basking 
material during construction. However, once sediment runoff issues have 
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dissipated due to high streamflow events, it is expected that the habitat 
immediately downstream of the weir would remain suitable for the PRMT. 

Fluctuations and stratifications in the water quality (e.g., DO) like what occurs in 
the Ross Barnett Reservoir (larger but similar in depth) could be expected. This 
could result in poorer and/or reduced food sources because of decreased water 
quality and the potential influence of contaminants. Modeling of the project area 
indicates that water quality should not significantly decline, and PR ringed map 
turtles are currently persisting in the area with the ongoing discharges. Therefore, 
it is assumed that while some water quality changes may occur, they would not 
have an adverse effect. 

The fish -passage channel would provide approximately 1 mile (0.2 percent of 
the species range) of flowing water during low flow periods when the channelized 
area would experience low velocities. Depending on the width and velocities of 
this feature it could provide additional habitat for the PR ringed map turtle and 
would prevent isolation of the populations up and down stream of the weir. 
It is anticipated that approximately 1.6 miles downstream of the weir would 
experience some degree of instability that would occur over several years with 
the capture of small amounts of sediment. Impacts from this would result 
primarily from an increase in turbidity decreasing potential food sources. 

CTO Alternative 

While the specific features of the CTO alternative have not been determined, this 
alternative is expected to have substantially less impacts compared to Alternative 
C if a new weir is not constructed, but similar impacts to Alternative C if a new 
weir is constructed. 

2.4.3.2 Direct interactions 

Alternative C 

Disturbance from excavating 25 million cubic yards of material from 
approximately 1,901 acres within and adjacent to the river over approximately 
two years could result in death of individuals if they are unable to escape the 
construction work area. Aquatic turtle research that focused on disturbances 
associated with construction found that aquatic turtles within a construction area 
would move up or downstream from the construction activity (Chen and Leu 
2009; Plummer and Mills 2008). Therefore, it is reasonable to assume that many 
turtles currently found in the proposed impounded area will slowly move away 
from construction activities. Turtles in the construction area are expected to be 
disturbed in some form of alteration of normal feeding, basking, and nesting 
activities while channel excavation activities are taking place and they are 
displaced from the construction site. 

CTO Alternative 
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While the specific features of the CTO alternative have not been determined, this 
alternative is expected to have substantially less impacts compared to Alternative 
C if a new weir is not constructed, but similar impacts to Alternative C if a new 
weir is constructed. 

2.4.4 Cumulative effects 

For purposes of consultation under ESA Section 7, cumulative effects are those 
caused by future state, tribal, local, or private actions that are reasonably certain 
to occur in the Action Area. Future Federal actions that are unrelated to the 
proposed action are not considered, because they require separate consultation 
under Section 7 of the ESA. At this time the USACE is unaware of any future 
state, tribal, local, or private non-Federal unrelated to the proposed action that 
are reasonably certain to occur in the Action Area. 

2.4.5 Discussion and conclusion 

Alternative C 

Based upon literature review and available survey data, and the effects of the 
action (both detrimental and beneficial activities proposed), the USACE has 
determined that implementation of Alternative C is likely to adversely affect but is 
not likely to jeopardize the continued existence of the PRMT. 

CTO Alternative 

A determination cannot be made at this time for the CTO.  Once measures are identified 
and if the CTO is recommended for implementation, the USACE will re-initiate ESA 
consultation. 

2.5 Alligator Snapping Turtle (AST) (Macrochelys temminckii) 

2.5.1 Status of the species 

2.5.1.1 Legal status 

The current listing of the AST is “Proposed Threatened” (Federal Register Vol. 
86, No. 214/Tuesday, November 9, 2021) 

2.5.1.2 Recovery plans 

There are currently no recovery plans for the alligator snapping turtle. However, 
there is a SSA dated March 2021 (Annex D3). 

2.5.1.3 Life history information 

The AST is the largest freshwater species of turtle in North America and is among 
the most aquatic. ASTs are characterized as having a large head, long tail, and an 
upper jaw with a hooked beak. They have three keels with posterior elevations on 
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the scutes of the carapace, which is dark brown and often found with algae growth 
adding to the overall camouflage of the turtle. The plastron is greyish-brown in 
adults, and somewhat mottled with small whitish blotches in juveniles. The eyes 
are positioned on the side of the head, surrounded by small, pointed projections. 

The AST is found within river systems that flow into the Gulf of Mexico, extending 
from just before the Suwannee River in Florida to the San Antonio River in Texas. 
Currently, the species is known to occur in Alabama, Arkansas, Florida, Georgia, 
Illinois, Kentucky, Louisiana, Missouri, Mississippi, Oklahoma, Tennessee, and 
Texas. 

ASTs are usually associated with the deeper waters of large rivers, major 
tributaries, bayous, canals, swamps, lakes, ponds, and oxbows. Hatchlings and 
juveniles, in comparison, are usually associated with shallower waters. In general, 
the species uses shallower water in early summer and deeper depths in late 
summer and mid-winter, which may be a thermoregulatory shift (Fitzgerald and 
Nelson 2011). The presence of barnacles on some specimens may also indicate 
an ability to spend prolonged periods in brackish water (Jackson and Ross 1971, 
p.188-189). 

AST males reach sexual maturity in 11-21 years and 13-21 years for females. 
Females have been observed to have no more than a single clutch per year in the 
wild, as well as not appearing to be particularly selective on nesting sites. Nesting 
sites have been observed across a range of distances from 8 to 656 ft from the 
nearest water source. ASTs exhibit temperature dependent sex determination 
within nest incubation temperatures. Nesting occurs between May to July with 
areas in the most southern ranges beginning in April and extending through May. 
ASTs exhibit sexual dimorphism with males being distinctively larger than females, 
and also displaying a larger anterior to vent tail length. 

ASTs are opportunistic scavengers and consume a variety of foods. Although fish 
comprise the majority of their diet, crayfish, mollusks, smaller turtles, insects, 
nutria, snakes, birds, and vegetations have also been reported (Elsey, 2006). The 
AST is the only turtle that uses a modified tongue appendage as a predatory lure 
to attract fish into range. 

Racoons, armadillos, opossums, and otters are all known to prey on AST nests. 
Predators of hatchlings are likely to include large fish, wading birds, otters, and 
alligators (Ernst and Lovich 2009, p. 149). Red imported fire ants (Solenopsis 
invicta) are also known to cause significant decline in hatching success. 

2.5.1.4 Conservation needs 

The SSA dated March 2021 includes conservation measures for the AST.  Below 
are the conservation measures listed in the SSA.  See Annex D3 for further 
details on each. 
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• Captive Rearing, Head-Starting, and Reintroductions 
• Integrated Natural Resource Management Plans 
• Predator exclusion structures 

2.5.2 Environmental baseline 

2.5.2.1 Species presence and use 

Alternative C and CTO Alternative 

ASTs were historically found in 14 states: Alabama, Arkansas, Florida, Georgia, 
Illinois, Indiana, Kansas, Kentucky, Louisiana, Missouri, Mississippi, Oklahoma, 
Tennessee, and Texas. Currently, the species is known to occur in Alabama, 
Arkansas, Florida, Georgia, Illinois, Kentucky, Louisiana, Missouri, Mississippi, 
Oklahoma, Tennessee, and Texas. ASTs are found in deeper waters and their 
major tributaries, however their habitats have been known to extend into small 
streams, bayous, canals, swamps, lakes, reservoirs, ponds, and oxbows. The 
AST is usually associated with structure more so than open water. Riparian 
canopy cover is an important feature for the AST, as they typically select sites 
with a high percentage of coverage (Howey and Dinkelaker 2009). 

The Service divides the AST range into seven (7) analysis units. The analysis 
unit focused on in relation to the project area is the Alabama unit which 
encompasses eastern Mississippi, western Alabama, and small parts of 
Louisiana and Florida. The Pearl River is listed under the Alabama unit as a 
water body that currently or historically supported ASTs. 

The Alabama Analysis unit has an estimated abundance of 200,000 (55.37%). It 
is estimated range wide that there is between 68,154 and 1,436,825 individuals 
with 55 percent of the turtles occurring in the Alabama analysis unit (USFWS. 
“Federal Register / Vol. 86, No. 214 / Tuesday, November 9, 2021). 

2.5.2.2 Species conservation needs within the action area 

The SSA dated March 2021 includes conservation measures for the AST. 
However, there are no conservation needs specific to the action area. 

2.5.2.3 Habitat condition (general) 

ASTs are associated with deeper water (usually large rivers, major tributaries, 
bayous, canals, swamps, lakes, ponds, and oxbows); with shallower water 
occupied in early summer and deeper depths in late summer and mid-winter, 
which represent a thermoregulatory shift (Ernst and Lovich 2009, p. 141). In 
comparison, hatchlings and juveniles tend to occupy shallower water. ASTs are 
also associated with structure (e.g., tree root masses, stumps, submerged trees, 
etc.); and may occupy areas with a high percentage of canopy cover undercut 
stream banks. 
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2.5.2.4 Influences 

Adult harvest (legal and illegal), bycatch, habitat alteration, nest predation, 
climate change, and disease influence the existence of the AST. 

Although regulatory harvest restrictions have decreased the amount of ASTs 
being harvested, populations have not necessarily increased in response. This 
lag in population response is likely due to the demography of the species, 
specifically delayed maturity, long generation times, and relatively low 
reproductive output. 

ASTs can be killed or harmed incidental to other fishing and recreational 
activities. Threats include capture as bycatch associated with commercial harvest 
of other species, ingestion of fishhooks and/or drowning when captured on 
trotlines (a fishing line strung across a stream with multiple hooks set at intervals) 
and limb lines (single hooks hung from branches), drowning from entanglement 
in various types of fishing line, and boat propeller strikes. 

Dams change the hydrology of streams and could impede dispersal and genetic 
interchange for this highly aquatic species, but impoundments can also provide 
habitat for the species (Pritchard 1989, p. 84). Other activities and processes that 
can alter habitat include dredging, deadhead logging, removal of riparian cover, 
channelization, stream bank erosion, siltation, and land use adjacent to rivers 
(e.g., clearing land for agriculture). 

Nest predation rates for the AST are high. Small mammals and red fire ants are 
known to prey on the nests. In 2008, one of five AST nests investigated in 
Louisiana was infested by the phorid fly Megaselia scalaris (snapping turtles; 
Holcomb and Carr 2011b, entire). 

Climate change might impact the AST in several ways, including loss of habitat to 
sea level rise for those populations near coastal areas, impacts of drought on 
habitat and water availability, and physiological impacts on sex determination. 
Climate conditions also appear to limit the distribution of ASTs. 

Chaffin et al. (2008, entire) captured and assessed the health of 97 free-ranging 
ASTs across nine sites in northwestern Florida and southwestern Georgia 
between 2001 and 2006. Assessed ASTs had shell abnormalities, including 
worn, cracked, or broken scutes, fresh or healed wounds resulting from trauma, 
missing portions of the tail, missing portions of the beak, missing portions of 
claws, and leech infestation (Chaffin et al. 2008, p. 674). Protozoan parasites 
transmitted by leeches, were found in all but one turtle assessed. Herpes was the 
only pathogen detected, but none of the individuals were showing symptoms. 
Mercury was also detected in the blood in 93% of samples. 

2.5.2.5 Additional baseline information 
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There is not additional baseline information. 

2.5.3 Effects of the action 

2.5.3.1 Indirect interactions 

Alternative C 

Indirect impacts associated with the project would include the potential for 
degradation of water quality, loss of woody debris, nesting habitat loss due to 
flooding, nest predation issues and increases in bycatch due to recreation 
increase. There are also concerns about the potential impacts of the project on 
other species that rely on the same habitat as the AST. For example, the project 
and associated infrastructure could temporarily impact local fish populations, 
which in turn may impact the local turtle population as these fish populations are a 
primary food source for the AST. 

Potential benefits of the project for the AST include the creation of a new, more 
suitable, and desirable habitat when compared to existing conditions. The 
construction of the project and associated infrastructure could provide new areas 
of deep, permanent water with a soft substrate for nesting. 

CTO Alternative 

While the specific features of the CTO alternative have not been determined, this 
alternative could have less impact in the long-term compared to Alternative C 
without a weir, however, it will have less benefits than if a weir was constructed. If 
Alternative CTO includes a new weir the impacts and benefits would be similar to 
Alternative C. 

2.5.3.2 Direct interactions 

Alternative C 

Disturbance from excavating 25 million cubic yards of material from 
approximately 1,901 acres within and adjacent to the river over approximately 
two years could result in death of individuals if they are unable to escape the 
construction work area. Aquatic turtle research that focused on disturbances 
associated with construction found that aquatic turtles within a construction area 
would move up or downstream from the construction activity (Chen and Leu 
2009; Plummer and Mills 2008). Therefore, it is reasonable to assume that many 
turtles currently found in the proposed impounded area will slowly move away 
from construction activities. Turtles in the construction area are expected to be 
disturbed in some form of alteration of normal feeding, basking and nesting 
activities while channel excavation activities are taking place and they are 
displaced from the construction site. 
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The construction of the flood control project and associated infrastructure could 
temporarily alter habitat conditions, leading to a decline in the AST population. In 
addition, the project could also potentially impact the AST through temporary 
changes in water quality. Impacts include removal of natural buffers that would 
impact water quality, and a slight decrease and less variation of dissolved 
oxygen concentrations. 

CTO Alternative 

While the specific features of the CTO alternative have not been determined, this 
alternative could have less impact in the long-term compared to Alternative C 
without a weir, however, it will have less benefits than if a weir was constructed. If 
Alternative CTO includes a new weir the impacts and benefits would be similar to 
Alternative C. 

2.5.4 Cumulative effects 

For purposes of consultation under ESA Section 7, cumulative effects are those 
caused by future state, tribal, local, or private actions that are reasonably certain 
to occur in the Action Area. Future Federal actions that are unrelated to the 
proposed action are not considered, because they require separate consultation 
under Section 7 of the ESA. At this time the USACE is unaware of any future 
state, tribal, local, or private non-Federal unrelated to the proposed action that 
are reasonably certain to occur in the Action Area. 

2.5.5 Discussion and conclusion 

Alternative C 

Overall, while the project raises concerns about the potential adverse impacts on 
the AST and environment, the potential benefits should also be considered. It is 
possible that the project will create an overall more desirable habitat for the 
species when compared to current habitat options within the project area. The 
project in general will provide more permanent deep-water habitat, potentially 
increase water quality, and increase the available soft substrate for nesting. 

Based upon literature review and available survey data, and the effects of the 
action (both detrimental and beneficial activities proposed), the USACE has 
determined that implementation of Alternative C is likely to adversely affect but is 
not likely to jeopardize the continued existence of the AST. 

CTO Alternative 

A determination cannot be made at this time for the CTO.  Once measures are identified 
and if the CTO is recommended for implementation, the USACE will re-initiate ESA 
consultation. 
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2.6 Tricolored Bat (TCB) (Perimyotis subflavus) 

2.6.1 Status of the species 

2.6.1.1 Legal status 

The current listing of the Tricolored bat is “Proposed Endangered” (88 FR 16776, 
March 20, 2023, p16776-16832) 

2.6.1.2 Recovery plans 

There are currently no recovery plans for the tricolored bat. However, there is a 
SSA dated December 2021 (Annex D3). 

2.6.1.3 Life history information 

TCB is one of the smallest bats in eastern North America and is distinguished by 
its unique tricolored fur that appears dark at the base, lighter in the middle, and 
dark at the tip (Barbour and Davis 1969, p. 115). TCB primarily roost in foliage of 
live and dead trees in the spring, summer, and fall, and hibernate in caves and 
other subterranean habitats during the winter. TCB are opportunistic feeders 
feeding on small insects such as moths, beetles, flies, wasps, and flying ants. 

TCB are known to occur in 39 states, one of which is Mississippi, Washington 
D.C., 4 Canadian Provinces, Guatemala, Honduras, Belize, Nicaragua, and 
Mexico. 

2.6.1.4 Conservation needs 

The SSA dated December 2021 includes conservation efforts for the TCB.  
Below are the conservation efforts listed in the SSA.  See Annex D3 for further 
details. 

• TCB could receive varying degrees of protection through state and federal 
laws once the listing decision is made. 

• Multiple national and international efforts are underway in attempt to 
reduce the impacts of white nose syndrome by determining the cause of 
the disease and reducing or slowing its spread. 

• Operational strategies at wind power facilities. 
• Forestry programs/forest management 
• Bat-friendly gates to protect important hibernation sites. 

2.6.2 Environmental baseline 

2.6.2.1 Species presence and use 

Alternative C and CTO Alternative 

The tricolored bat is widespread throughout MS and they can be found in many 
different habitat types throughout the year. The presence in the project area is 
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not known at this time.  However, it is safe to assume that the TCB may use the 
area for roosting and potentially wintering. 

2.6.2.2 Species conservation needs within the action area 

The SSA dated December 2021 includes conservation efforts for the TCB. 
However, conservation efforts within the action area have not yet been 
determined. 

2.6.2.3 Habitat condition (general) 

Alternative C and CTO Alternative 

TCB seem to be opportunistic roosters and roost in live and dead leaf clusters of 
deciduous hardwood trees, Spanish moss, pine needles, eastern red cedar, 
barns, beneath porch roofs, bridges, concrete bunkers, and rarely within caves. 

TCB have been documented overwintering in caves, mines, rock crevices, talus, 
tunnels, bunkers, basements, bridges, aqueducts, trees, earthen burrows, leaf 
litter, and a variety of other roosts. For bats to hibernate successfully, the most 
important conditions are relatively stable- low temperatures, but generally above 
freezing, and high humidity. 

2.6.2.4 Influences 

The TCB has been impacted by the spread of the WNS disease and has 
experienced significant declines in populations because of the spread of the 
disease. Other threats to the TCB include wind related mortality due to wind 
power development, climate change, and habitat loss. 

2.6.2.5 Additional baseline information 

There is no additional baseline information. 

2.6.3 Effects of the action 

2.6.3.1 Indirect interactions 

Alternative C 

Indirect impacts would be due to the removal of potential roosting and foraging habitat 
(forests and structures such as abandoned bridges) and could result in potential 
adverse effects. 

CTO Alternative 
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While the specific features of the CTO alternative have not been determined, this 
alternative could have similar impacts compared to Alternative C if clearing of existing 
forests is implemented, but fewer impacts than Alternative C if clearing is not included 
or is to a lesser degree. 

2.6.3.2 Direct interactions 

Alternative C and CTO Alternative 

Since the TCB is widespread throughout MS, there are no existing survey data for the 
project area, and they can be found in many different habitat types throughout the year, 
it is difficult to determine the direct impacts to the species at this time. 

2.6.4 Cumulative effects 

For purposes of consultation under ESA Section 7, cumulative effects are those caused 
by future state, tribal, local, or private actions that are reasonably certain to occur in the 
Action Area. Future Federal actions that are unrelated to the proposed action are not 
considered, because they require separate consultation under Section 7 of the ESA. At 
this time the USACE is unaware of any future state, tribal, local, or private non-Federal 
unrelated to the proposed action that are reasonably certain to occur in the Action Area. 

2.6.5 Discussion and conclusion 

Alternative C 

USACE has conducted literature reviews and is in coordination with the Service.  Due to 
the lack of available survey data, the effects of the action on the TCB have not been 
finalized. Therefore, USACE has not yet made a determination for the TCB. 

CTO Alternative 

A determination cannot be made at this time for the CTO.  Once measures are identified 
and if the CTO is recommended for implementation, the USACE will re-initiate ESA 
consultation. 

2.7 Louisiana Pigtoe (LA pigtoe) (Pleurobema riddellii) 

2.7.1 Status of the species 

2.7.1.1 Legal status 

The current listing of the Louisiana pigtoe mussel is “Proposed Threatened” (87 
FR 56381, Sept 14, 2022, p56381-56393) 

2.7.1.2 Recovery plans 

There are currently no recovery plans for the Louisiana pigtoe. However, there is 
a SSA dated February 2022 (Annex D3). 

2.7.1.3 Life history information 
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The LA pigtoe is a medium-sized freshwater mussel (shell lengths to greater than 
62 mm) with a brown to black, triangular to subquadrate shell without external 
sculpturing, sometimes with greenish rays. They occur in gravel and coarse 
sandy substrates of rivers and streams. Mussels are filter feeders that rely on 
natural, high quality (pollutant free) flowing water of sufficient volume to support 
their life cycle, and that of their host fishes, which are essential for reproduction. 

The range of the LA pigtoe extends into portions of east Oklahoma, southeast 
Arkansas, south Louisiana, and west Mississippi. Louisiana PA pigtoe currently 
occupies areas across seven major river basins (San Jacinto, Neches, Sabine, 
Big Cypress-Sulphur, Red, Calcasieu-Mermentau, and Pearl). However, the LA 
pigtoe is only found in the Pearl River within the project area and a portion of the 
west Pearl. 

Degraded water quality, altered hydrology, substrate changes, habitat 
fragmentation, direct mortality, invasive species, and climate change all influence 
the existence of the Louisiana LA pigtoe. The remaining populations are in low 
condition and are therefore particularly vulnerable to extirpation. 

2.7.1.4 Conservation needs 

The SSA dated February 2022 does not include conservation efforts for the LA 
pigtoe.  

2.7.2 Environmental baseline 

2.7.2.1 Species presence and use 

Alternative C and CTO Alternative 

The LA pigtoe is only found in the Pearl River within the project area and a 
portion of the west Pearl. 

2.7.2.2 Species conservation needs within the action area 

The SSA dated February 2022 does not include conservation efforts for the LA pigtoe. 

2.7.2.3 Habitat condition (general) 

According to the February 2022 SSA, LA pigtoe occur in medium to large 
streams and rivers, requiring 1) flowing water of sufficient quantity and quality 2) 
adequate food supply, 3) habitat that provides refugia from both high- and low-
flow events, 4) appropriate substrate that is generally characterized as stable and 
free of excessive fine sediment, 5) access to appropriate fish hosts, and 6) 
habitat connectivity (i.e., lack of impoundments and other barriers to fish pass). 

Louisiana Pigtoe occur in medium to large-sized streams and rivers in flowing 
waters (0.3-1.4 m/s) over substrates of cobble and rock or sand, gravel, cobble, 
and woody debris; they are often associated with riffle, run, and sometimes larger 
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backwater tributary habitats (Ford et al. 2016, pp. 42, 52; Howells 2010a, p. 3-4; 
Williams et al. 2017b, p. 21). 

2.7.2.4 Influences 

Degraded water quality, altered hydrology, substrate changes, habitat 
fragmentation, direct mortality, invasive species, and climate change all influence 
the existence of the Louisiana LA pigtoe. 

2.7.2.5 Additional baseline information 

There is no additional baseline information. 

2.7.3 Effects of the action 

2.7.3.1 Indirect interactions 

Alternative C 

Indirect impacts due to changes in the velocity and water surface elevation are 
anticipated. The current lotic habitat would be replaced with a lentic habitat which 
would eliminate available habitat and host fishes. LA pigtoes downstream of the 
proposed weir are likely to experience short-term impacts associated with 
increased sediment/siltation associated with construction activities which may 
cause extirpation. However, once sediment runoff issues have dissipated due to 
high streamflow events, it is expected that the habitat immediately downstream of 
the weir would remain suitable for the LA pigtoe. It is anticipated that downstream 
of the weir would experience some degree of instability that would occur over 
several years with the capture of small amounts of sediment. Impacts from this 
would result in a river bottom shift and would bury mussel beds which would then 
result in suffocation of individuals. The increase in turbidity and decreasing water 
quality would also impact potential host fishes. The population is in low condition 
and are therefore particularly vulnerable to extirpation. 

CTO Alternative 

While the specific features of the CTO alternative have not been determined, this 
alternative is expected to have substantially less impacts compared to Alternative 
C if a new weir is not constructed, but similar impacts to Alternative C if a new 
weir is constructed. 

2.7.3.2 Direct interactions 

Alternative C 

Direct impacts by way of death are anticipated due to implementation of 
Alternative C. Excavation of material from within the river over approximately two 
years would result in death of individuals as well as displacement of host fishes. 
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CTO Alternative 

While the specific features of the CTO alternative have not been determined, this 
alternative is expected to have substantially less impacts compared to Alternative 
C if a new weir is not constructed, but similar impacts to Alternative C if a new 
weir is constructed. 

2.7.4 Cumulative effects 

For purposes of consultation under ESA Section 7, cumulative effects are those 
caused by future state, tribal, local, or private actions that are reasonably certain 
to occur in the Action Area. Future Federal actions that are unrelated to the 
proposed action are not considered, because they require separate consultation 
under Section 7 of the ESA. At this time the USACE is unaware of any future 
state, tribal, local, or private non-Federal unrelated to the proposed action that 
are reasonably certain to occur in the Action Area. 

2.7.5 Discussion and conclusion 

Alternative C 

USACE is continuing to review literature and is in coordination with the Service to 
finalize the effects of the action on the LA pigtoe. However, a determination has 
not yet been made. 

CTO Alternative 

A determination cannot be made at this time for the CTO.  Once measures are identified 
and if the CTO is recommended for implementation, the USACE will re-initiate ESA 
consultation. 

2.8 Monarch Butterfly (Danaus plexippus) 

2.8.1 Status of the species 

2.8.1.1 Legal status 

The monarch butterfly is currently a candidate species. 

2.8.1.2 Recovery plans 

There are currently no recovery plans for the monarch butterfly. However, there 
is a SSA dated September 2020 (Annex D3). 

2.8.1.3 Life history information 

Adult monarch butterflies are large (3 to 4 inches) and conspicuous, with bright 
orange wings surrounded by a black border and covered with black veins. The 
black border has a double row of white spots, present on the upper side of the 
wings. Milkweed and flowering plants are needed for monarch habitat. Adult 
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monarchs feed on the nectar of many flowers during breeding and migration, but 
they can only lay eggs on milkweed plants. 

Migratory individuals in eastern North America predominantly fly south or 
southwest to mountainous overwintering grounds in central Mexico, and 
migratory individuals in western North America generally fly shorter distances 
south and west to overwintering groves along the California coast into northern 
Baja California (Solensky 2004). 

The eastern population of monarchs overwinter in Mexico, where this 
microclimate is provided by forests primarily composed of oyamel fir trees (Abies 
religiosa). Migratory monarchs in the western population primarily overwinter in 
groves along the coast of California and Baja California which include blue gum 
eucalyptus (Eucalyptus globulus), Monterey pine (Pinus radiata), and Monterey 
cypress (Hesperocyparis macrocarpa) (Griffiths and Villablanca 2015) 

Monarch butterflies are found throughout North America and are highly likely to 
utilize portions of the project area. 

2.8.1.4 Conservation needs 

The Species Status Assessment Report, version 2.1 dated September 2020 
discusses conservation efforts for the monarch butterfly. Below is a brief 
summary.  See Annex D3 for further details. 

• Protection, restoration, enhancement and creation of habitat is a central aspect 
of recent monarch conservation strategies. 

• Improved management at overwintering sites in California has also been targeted 
to improve the status of western North American monarch butterflies (Pelton et 
al. 2019; WAFWA 2019). 

• The Western Monarch Butterfly Conservation Plan which includes 
• Protecting and managing 50% of all currently known and active monarch 

overwintering sites, including 90% of the most important overwintering sites by 
2029; 

• Providing a minimum of 50,000 additional acres of monarch-friendly habitat in 
California’s Central Valley and adjacent foothills by 2029. 

• It also includes overwintering and breeding habitat conservation strategies, 
education and outreach strategies, and research and monitoring needs. 

2.8.2 Environmental baseline 

2.8.2.1 Species presence and use 

Monarch butterflies are found throughout North America and are highly likely to 
utilize portions of the project area. 

2.8.2.2 Species conservation needs within the action area 
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The Species Status Assessment Report, version 2.1 dated September 2020 
discusses conservation needs.  However, conservation needs within the action 
area have not been determined yet. 

2.8.2.3 Habitat condition (general) 

During migration to overwintering sites, monarchs need blooming nectar plants. 
On their return, monarchs are laying eggs and thus need both nectar sources 
and milkweed. The project area contains habitat that supports blooming nectar 
plants to potentially include milkweed. 

2.8.2.4 Influences 

Loss and degradation of habitat from conversion of grasslands to agriculture, 
widespread use of herbicides, logging/thinning at overwintering sites in Mexico, 
senescence, and incompatible management of overwintering sites in California, 
urban development, drought, exposure to insecticides, drought, and effects of 
climate change are all factors in the decline of the monarch population. 

2.8.2.5 Additional baseline information 

See Annex D3 Monarch “Pesticide Supplemental Material.”  The following 
website also offers additional information 
https://www.fws.gov/initiative/pollinators/monarchs. 

2.8.3 Effects of the action 

2.8.3.1 Indirect interactions 

Alternative C 

Indirect impacts are expected due to the conversion of desired habitat to open 
water and elimination of food source. 

Alternative CTO 

While the specific features of the CTO alternative have not been determined, this 
alternative is could have similar impacts compared to Alternative C if the weir is 
included, as the preferred habitat would be converted to open water.  However, if 
the weir is not included, the preferred habitat would not be converted to open 
water and therefore the impacts would be less. 

2.8.3.2 Direct interactions 

Alternative C 

Direct impacts could be anticipated by way of collision with construction 
equipment. However, the species is highly mobile and the equipment is rather 
slow moving, so it is expected that any individuals present could escape the 
impact. 
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Alternative CTO 

While the specific features of the CTO alternative have not been determined, this 
alternative is could have similar impacts compared to Alternative C if the weir is 
included, as the preferred habitat would be converted to open water.  However, if 
the weir is not included, the preferred habitat would not be converted to open 
water and therefore the impacts would be less. 

2.8.4 Cumulative effects 

For purposes of consultation under ESA Section 7, cumulative effects are those 
caused by future state, tribal, local, or private actions that are reasonably certain 
to occur in the Action Area. Future Federal actions that are unrelated to the 
proposed action are not considered, because they require separate consultation 
under Section 7 of the ESA. At this time the USACE is unaware of any future 
state, tribal, local, or private non-Federal unrelated to the proposed action that 
are reasonably certain to occur in the Action Area. 

2.7.5 Discussion and conclusion 

Alternative C 

USACE is continuing to review literature and is in coordination with the Service to 
finalize the effects of the action on the monarch butterfly. A determination has not 
yet been made. 

CTO Alternative 

A determination cannot be made at this time for the CTO.  Once measures are identified 
and if the CTO is recommended for implementation, the USACE will re-initiate ESA 
consultation. 

3 Critical Habitat Effects Analysis 

On March 19, 2003, The USFWS and NMFS published the Final Rule in the 
Federal Register designating critical habitat for the Gulf sturgeon. 

Primary consideration must be given to the physical and biological features 
(PBFs) of the habitat under review that are essential to the conservation of the 
species and that may require special management considerations or protection. 

The PBFs essential for the conservation of the Gulf sturgeon populations include 
those habitat components that support feeding, resting, and sheltering, 
reproduction, migration and physical features necessary for maintaining the 
natural processes that support these habitat components. 
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Based upon the identified PBFs for the Gulf sturgeon, the USFWS and NMFS 
identified a total of fourteen (14) Critical Habitat Units. Critical Habitat Unit 1 
covers the proposed project area and includes the Pearl River System in St. 
Tammany and Washington Parishes in Louisiana and Walthall, Hancock, Pearl 
River, Marion, Lawrence, Simpson, Copiah, Hinds, Rankin and Pike Counties in 
Mississippi. 

Of the 7 PBFs identified for Gulf sturgeon critical habitat, riverine spawning sites 
and riverine aggregation (resting) areas are not present in the action area. The 
PBFs found in the Action Area are food, flow regime, water quality, sediment 
quality, and migratory pathways. 

The Pearl River is included in Critical Habitat Unit 1, the Pearl and Bogue Chitto 
Rivers in Louisiana and Mississippi, which is currently known to support a 
reproducing subpopulation of Gulf sturgeon. The Action Area occurs at the top 
extent of this Critical Habitat Unit. 

While adult sturgeon do not usually feed in freshwater, juveniles forage 
extensively in rivers on aquatic insects, worms, and mollusks (Mason and 
Clugston 1993; Huff 1975; Sulak and Clugston 1999). With the varying aquatic 
species within the Action Area that feed on those types of prey it can be 
assumed that the area does contain enough of these prey items to support the 
populations of species that inhabit the area. 

Suitable spawning substrate within the Pearl River likely includes soapstone, 
hard clay, gravel, and rubble areas and undercut banks adjacent to these 
substrates (W. Slack, pers. comm. 2001). Specific surveys have not been 
conducted on the substrate of the river within the Action Area; however, grab 
samples were taken as part of the Wetland Delineation conducted for the 
EIS/Feasibility Study that did not exhibit the suitable substrates necessary for 
sturgeon spawning in the Pearl River. 

Gulf sturgeon depend on flow regimes in the riverine environment for all life 
stages including migration, breeding site selection, courtship, egg fertilization, 
resting and staging, and for maintaining spawning sites in the suitable condition 
needed for egg attachment, sheltering, resting, and larval staging. Based on 
average flow rates from 1966 to 2013, this area of the river currently has high 
flows during the springtime with flows decreasing significantly during the 
summer. 

In 2019, a water advisory was issued for the Pearl River in Jackson due to 
continued discharges of sanitary sewer overflows into the river. In the Action 
Area, there is a former creosote plant as well as two former landfills from which 
debris periodically washes into the river. Leachates from these landfills were 
found to contain heavy metals above the regulatory standards. In 2003, the EPA 
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also found barium, cobalt, zinc, and other contaminates in the river in the Action 
Area. 

The PBFs of flow regime, sediment quality, and migratory pathways would not be 
impacted by the construction of Alternative C; therefore, only the effects on the 
PBFs of food and water quality will be discussed. 

Increased turbidity and sedimentation would lead to impacts on water quality, 
which then leads to impacts on the prey base for juvenile sturgeon. These 
impacts on water quality would be temporary and would be reduced through 
erosion control measures. 

Changes to water velocity, water surface elevation and water quality in the Action 
Area would be anticipated. DO and temperature are important water quality 
factors for sturgeon. As temperature increases, DO levels decrease which can 
affect the growth and respiration rates of juvenile sturgeon. Water quality 
modeling conducted for temperature and DO indicated post-project levels would 
have a slight but not significant difference from the pre-project levels. 

Based upon the assessment completed, it was determined that Alternative C 
would not result in an adverse modification to Gulf sturgeon critical habitat. 

2.8 Other Protected Species 

Other protected species, specifically bald eagles and migratory birds, have 
potential to be present in the study area.  Bald eagles are protected under the 
Bald and Golden Eagle Protection Act (BGEPA) and the Migratory Bird Treaty 
Act (MBTA).  1,093 species of birds are protected under the MBTA. 

The bald eagle was near extinction approximately forty years ago throughout 
most of its range. Habitat destruction and degradation, illegal shooting, and the 
contamination of its food source, largely as a consequence of DDT, decimated 
the eagle population. However, the banning of DDT, habitat protection, and 
conservation measures through the ESA, have afforded a remarkable recovery 
for the species. The bald eagle was removed from the endangered species list in 
2007 but continues to be protected under the BGEPA and the MBTA. 

Many of the 1,093 species of birds protected under the Migratory Bird Treaty 
Act are experiencing population declines due to increased threats across the 
landsc 
ape. Millions of acres of bird habitat are lost or degraded every year due to 
development, agriculture, and forestry practices. In addition, millions of birds are 
directly killed by human-caused sources such as collisions with man-made 
structures such as windows and communication towers. 
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Bald eagles nest in tall trees (usually cypress or pine in this area) near water and 
typically in the months of October through May. Migratory birds have varying 
nesting behaviors and seasons depending on the species.  To be conservative, 
the nesting season for migratory birds is February 15 through September 15. 
Wading/water birds typically nest in trees or shrubs near water. Shorebirds 
typically nest on ground level in sand, small rocks, dunes, or ground vegetation. 
Many migratory birds (other than wading/water birds and shorebirds) are 
opportunistic nesters and will nest in trees, shrubs, building overhangs, house 
gutters, etc. 

Alternative C and CTO Alternative 

Direct impacts would be attributed to avoidance of the area during construction. 
Indirect impacts would be the elimination of potential roosting, foraging, and 
nesting habitat. Cumulative impacts, including both direct and indirect impacts of 
the alternative along with additional impacts from other, previous projects in the 
area are anticipated to be minor in intensity but long-term in duration. Impacts to 
the bald eagle and migratory birds from Alternative C would add to the impacts 
that have occurred over time and are expected to continue due to ongoing 
development and activities in and around the Project Area.  A qualified biologist 
would survey the area prior to construction to determine the presence of nesting 
birds. If eagle nests are found in the project area, the USACE MVK would apply 
for an incidental eagle take permit and would implement avoidance and 
minimization measures described in the National Bald Eagle Management 
Guidelines until a permit with applicable requirements is received. Coordination 
with The Service and MDWFP would establish buffer zones and other guidelines 
to be implemented for nesting migratory birds depending on the species present. 
These impacts are considered insignificant. 

4 Summary Discussion, Conclusion, And Effect Determinations 

4.1 Effect Determination Summary (Alternative C) 

SPECIES 
(COMMON 
NAME) 

SCIENTIFIC 
NAME 

LISTING 
STATUS 

PRESENT 
IN 
ACTION 
AREA 

EFFECT 
DETERMINATION 
Alt C 

Gulf 
Sturgeon 

Acipenser 
oxyrhynchus 
desotoi 

Threatened Yes LAA 

Ringed 
Sawback 
Turtle 

Graptemys 
oculifera 

Threatened Yes LAA 
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Northern Myotis Endangered Yes NLAA 
Long-eared septentrionalis 
Bat 
Pearl River Graptemys Proposed Yes LAA 
map Turtle pearlensis Threatened 
Alligator Macrochelys Proposed Yes NLAA 
Snapping temminckii Threatened 
Turtle 
Louisiana Pleurobema Proposed Yes TBD 
pigtoe riddellii endangered 
Tricolored Perimyotis Proposed Yes TBD 
bat subflavus) threatened 
Monarch 
Butterfly 

Danaus 
plexippus 

Candidate Yes TBD 

CTO Alternative 

Determinations for listed species cannot be made at this time for the CTO.  Once 
measures are identified and if the CTO is recommended for implementation, the USACE 
will re-initiate ESA consultation. 

4.2 Summary Discussion 

Threatened and Endangered species and other protected species known to 
occur in the action area include GS, ringed map turtle, NLEB, PRMT, AST, LA 
pigtoe, TCB, monarch butterfly, bald eagle, and migratory birds. GS critical 
habitat also occurs within the action area. Alternative C would cause both 
temporary direct and long-term indirect impacts to species discussed. The project 
would eliminate and/or degrade habitat for GS, all three turtle species, the LA 
pigtoe, and the monarch butterfly; and would eliminate potential habitat for both 
bat species.  Based upon the assessment completed, it was determined that 
Alternative C would not result in an adverse modification to Gulf sturgeon critical 
habitat. Bald eagles and migratory birds could be impacted temporarily due to 
construction activities and long-term due to elimination of nesting and roosting 
habitat. 

Determinations cannot be made at this time for the CTO. Once measures are 
identified and if the CTO is recommended for implementation, the USACE will re-
initiate ESA consultation. At this time, it is assumed that if a weir is included in 
the CTO, then there would be similar impacts as Alternative C to GS, ringed map 
turtle, PRMT, AST, LA pigtoe, and monarch butterfly. It is also assumed that if 
clearing of forested areas are included that there would be similar impacts as 
Alternative C to NLEB and TCB. USACE will reinitiate ESA consultation if the 
CTO alternative is selected for implementation. 

4.3 Conclusion 
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ESA consultation is ongoing. Based on currently available historical data, a review of 
current literature and studies, and with the employment of avoidance measures, the 
USACE has determined that Alternative C may affect but would not likely adversely 
affect the NLEB, and AST; would likely adversely affect the GS, ringed map turtle, and 
PRMT. USACE has not yet made a determination for the LA pigtoe, TCB, or the 
monarch butterfly. Based upon the assessment completed, it was determined that 
Alternative C would not result in an adverse modification to Gulf sturgeon critical habitat. 
Determinations cannot be made at this time for the CTO. Once measures are identified 
and if the CTO is selected for implementation, the USACE will re-initiate ESA 
consultation. USACE is continuing close coordination with the Service to finalize ESA 
consultation. 
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FISH & WILDLIFE 

SE RVICE 
United States Department of the Interior 

FISH AND WILDLIFE SERVICE 
Louisiana Ecological Services 

200 Dulles Drive 
Lafayette, Louisiana 70506 

October 24, 2019 

Mr. Walt Dinkelacker 
President, Headwaters Inc. 
PO Box 2836 
Ridgeland, MS 39158 

Dear Mr. Dinkelacker: 

This document transmits the Fish and Wildlife Service’s (Service) biological opinion (enclosed), 
regarding the Rankin Hinds Pearl River Flood and Drainage Control District’s (District) Pearl 
River Basin, Mississippi, Federal Flood Risk Management Project, Hinds and Rankin Counties, 
Mississippi (commonly referred to as the One Lake Project). The U.S. Army Corps of 
Engineers’ (USACE) is authorized by Congressional actions to construct a flood risk reduction 
project; the District has undertaken the plan formulation and environmental compliance for that 
project’s study. 

The enclosed biological opinion addresses the proposed flood risk management projects effects 
on the ringed map (sawback) turtle (Graptemys oculifera), Gulf sturgeon (Acipenser 
oxyrhynchus desotoi), wood stork (Mycteria americana), the Northern long-eared bat (Myotis 
septentrionalis) and the inflated heelsplitter (Potamilus inflatus) in accordance with section 7 of 
the Endangered Species Act (Act) of 1973, as amended (16 United States Code [U.S.C.] 1531 et 
seq.). 

The enclosed biological opinion, is based on information provided in the District’s June 17, 
2019, biological assessment (BA) and the August 23, 2019, revised BA. Additional information 
was also provided informally during the consultation process. A complete administrative record 
of this consultation (Service Log No. 04EL1000-2020-F-0109) is on file at the Service’s 
Louisiana Ecological Services Office. 
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The Service appreciates the District’s continued cooperation in the conservation of the threatened 
and endangered species, and their critical habitats. If you have any questions regarding the 
enclosed biological opinion, please contact Mr. David Walther (337-291-3122) of this office. 

Sincerely, 

Joseph A. Ranson 
Field Supervisor 
Louisiana Ecological Services Office 
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EXECUTIVE SUMMARY 

This Endangered Species Act (ESA) Biological Opinion (BO) of the U.S. Fish and Wildlife 
Service (Service) addresses the potential effects of the Pearl River Basin, Mississippi, Federal 
Flood Risk Management Project, Hinds and Rankin Counties, Mississippi being proposed by the 
Rankin Hinds Pearl River Flood and Drainage Control District (FDCD). The U.S. Army Corps 
of Engineers Vicksburg District (USACE) by a January 31, 2018, letter has agreed that the 
FDCD will be the designated non-federal representative for the consultation. That project is 
proposed to provide economic and flood control benefits to the Jackson, Mississippi, area by the 
deepening and widening the floodplain and the installation of a new downstream weir. The 
FDCD determined that the Action is likely to adversely affect the ringed map (sawback) turtle 
(Graptemys oculifera), Gulf sturgeon (Acipenser oxyrhynchus desotoi) and its critical habitat and 
requested formal consultation with the Service. The BO concludes that the Action is not likely to 
jeopardize the continued existence of these species and is not likely to destroy or adversely 
modify designated critical habitat. This conclusion fulfills the requirements applicable to the 
Action for completing consultation under §7(a)(2) of the Endangered Species Act (ESA) of 
1973, as amended, with respect to these species and designated critical habitats. 

The FDCD also determined and requested Service concurrence that the Action is not likely to 
adversely affect the wood stork (Mycteria americana), the Northern long-eared bat (Myotis 
septentrionalis) and the inflated heelsplitter (Potamilus inflatus); these species have no 
designated critical habitat within the project area. We provide our basis for this concurrence in 
section 3 of the BO. This concurrence fulfills the requirements applicable to the Action for 
completing consultation with respect to these species and designated critical habitats. 

In addition, the BA addressed the previously listed bald eagle (Haliaeetus leucocephalus) and 
Louisiana black bear (Ursus americanus luteolus) and the extirpated (from the Pearl River 
drainage basin) pearl darter (Percina aurora). Because the eagle and the bear are no longer 
listed the ESA does not apply to them and the darter is not found in the project area thus it will 
not be impacted by the project therefore we will not address them in this BO. 

The FDCD has developed a Channel Improvement Plan, also referred to as Alternative C, or the 
One Lake project, that consists of excavation of approximately 25 million cubic yards from the 
floodplain, extending from River Mile (RM) 284.0 to RM 293.5 (approximately 9.5 miles), and 
ranging in width from 400 to 2,000 feet. Some existing levees will be set back and new levees 
constructed with large amounts of fill areas placed behind them. The elevated land mass behind 
the levees will range from 200 to over 1,000 feet in width. To maintain water supply at the J. H. 
Fewell Water Treatment Plant (WTP) located at RM 290.7, an approximately 1,500-foot-long 
weir will be constructed at RM 284, creating a 1,500-acre pool area at the downstream limits of 
the project area and providing flood risk management benefits, recreation, and long-term 
maintenance reduction. The approximately 200-foot-wide existing weir at the J.H. Fewell WTP 
will be removed. Islands will be created from RM 289.5 to RM 292.0, some of which will be 
used to maintain and create habitat areas for local species. 
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It is the Service’s opinion that the project would not jeopardize the ringed map turtle or the Gulf 
sturgeon nor destroy or adversely modify designated critical habitat for the Gulf sturgeon to the 
degree that it would result in jeopardy. The Service also concurred that the proposed Action is 
not likely to adversely affect the Northern long-eared bat, the wood stork, inflated heelsplitter 
and the pearl darter. 

The BO includes an Incidental Take Statement that requires the USACE to implement 
reasonable and prudent measures that the Service considers necessary or appropriate to minimize 
the impacts of anticipated taking on the listed species. Incidental taking of listed species that is in 
compliance with the terms and conditions of this statement is exempted from the prohibitions 
against taking under the ESA. 

The Action considered in this BO includes a conservation measure to relocate turtles from 
Crystal Lake within the construction area to the Lakeland population area and the relocation and 
protection of nests prior to construction would also be done. Creation and protection of nesting, 
basking and feeding habitat as well as the protection of approximately 10 miles of river bank and 
adjoining nesting and basking habitat are also included. In addition, the monitoring of the 
relocated turtles, nests and the population in the Action Area through the sampling, including but 
not limited to the capturing, tagging, tracking, observing and taking measurements, of 
individuals would be undertaken. Through the Incidental Take Statement, the Service authorizes 
these conservation measures as an exception to the prohibitions against trapping, capturing, or 
collecting listed species. These conservation measures are identified as a Reasonable and Prudent 
Measure below, and we provide Terms and Conditions for its implementation. Sampling 
protocols for the ringed map turtle should significantly reduce the likelihood of any lethal or 
injurious incidental take from occurring. 

In the Conservation Recommendations section, the BO outlines voluntary Actions that are 
relevant to the conservation of the listed species addressed in this BO and are consistent with the 
authorities of the USACE. 

Reinitiating consultation is required if the USACE retains discretionary involvement or control 
over the Action (or is authorized by law) when: 

(a) the amount or extent of incidental take is exceeded; 
(b) new information reveals that the Action may affect listed species or designated critical 

habitat in a manner or to an extent not considered in this BO; 
(c) the Action is modified in a manner that causes effects to listed species or designated 

critical habitat not considered in this BO; or 
(d) a new species is listed or critical habitat designated that the Action may affect. 

CONSULTATION HISTORY 

This section lists key events and correspondence during the course of this consultation. A 
complete administrative record of this consultation is on file in the Service’s Louisiana 
Ecological Services Office. 
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2013-04-29 - Rankin Hinds Pearl River Flood and Drainage Control District (FDCD) holds an 
interagency meeting to discuss the proposed feasibility and environmental impact study 
regarding flood damage reduction alternatives along the Pearl River in Hinds and Rankin 
Counties, Mississippi. 

2014-04-22 – Meeting with representatives of the FDCD and Mississippi Department of Wildlife 
Fisheries and Parks (MDWFP) to discuss potential alternatives and potential issues related to the 
gulf sturgeon and ringed map turtle. 

2017-08-29 – Meeting with representatives of the FDCD and the USACE to discuss the ESA 
section 7 consultation process for the proposed project. 

2018-01-31 – The USACE attached and submits the FDCD prepared biological assessment and 
requests formal consultation on the proposed project and its effects on federally listed species. 
The USACE designates the Rankin Hinds Pearl River Flood and Drainage Control District 
(FDCD) as the designated non-Federal representative that we work directly with during formal 
consultation process. 

2018-03-08 – The Service informs the FDCD that formal consultation cannot be initiated until a 
complete BA is submitted; the Service provides comments on the BA and requests additional 
information. 

2019–06-17 – The FDCD provides the Service with a revised BA. 

2019–07-18 – The Service provides comments on the June BA and requests additional 
information. 

2019–07-18a – The FDCD informs the Service that the June BA initiated formal consultation. 

2019–07-19 – The Service agrees that formal consultation was initiated on June 17, 2019. 

2019-08 -23 – The FDCD provides the Service with a revised BA and appendices containing 
hydrologic data for the project, engineer drawings of the projects structures, and fish passage. 

BIOLOGICAL OPINION 

1. INTRODUCTION 
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A biological opinion (BO) is the document that states the opinion of the U.S. Fish and Wildlife 
Service (Service) under the Endangered Species Act of 1973, as amended (ESA), as to whether 
a Federal Action is likely to: 

● jeopardize the continued existence of species listed as endangered or threatened; or 
● result in the destruction or adverse modification of designated critical habitat. 

Updates to the regulations governing interagency consultation (50 CFR part 402) become 
effective on October 28, 2019 [84 FR 44976]. We are applying the updated regulations to this 
ongoing consultation. As the preamble to the final rule adopting the regulations noted, “[t]his 
final rule does not lower or raise the bar on section 7 consultations, and it does not alter what is 
required or analyzed during a consultation. Instead, it improves clarity and consistency, 
streamlines consultations, and codifies existing practice.” We have reviewed the information 
and analyses relied upon to complete this BO in light of the updated regulations and conclude 
the BO is fully consistent with the updated regulations. 

The Federal Action addressed in this BO is the proposed Pearl River Watershed, Hinds and 
Rankin Counties, Mississippi Flood Reduction Project (the Action) being developed by the 
FDCD. This BO considers the effects of the Action on the Gulf sturgeon (Acipenser 
oxyrhynchus desotoi) and ringed map (sawback) turtle (Graptemys oculifera), and designated 
critical habitat for the Gulf sturgeon. 

The USACE determined that the Action is not likely to adversely affect the Northern long-
eared bat (Myotis septentrionalis), the wood stork (Mycteria americana), inflated heelsplitter 
(Potamilus inflatus) and the pearl darter (Percina aurora). The Service concurs with these 
determinations, for reasons we explain in section 2 of the BO. 

A BO evaluates the consequences to listed species and designated critical habitat caused by a 
Federal action, activities that would not occur but for the Federal action, and non-Federal 
actions unrelated to the proposed Action that are reasonably certain to occur (cumulative 
effects), relative to the status of listed species and the status of designated critical habitat. A 
Service opinion that concludes a proposed Federal action is not likely to jeopardize species and 
is not likely to destroy or adversely modify critical habitat fulfills the Federal agency’s 
responsibilities under §7(a)(2) of the ESA. 

“Jeopardize the continued existence” means to engage in an Action that reasonably would be 
expected, directly or indirectly, to reduce appreciably the likelihood of both the survival and 
recovery of a listed species in the wild by reducing the reproduction, numbers, or distribution 
of that species (50 CFR §402.02). “Destruction or adverse modification” means a direct or 
indirect alteration that appreciably diminishes the value of designated critical habitat for the 
conservation of a listed species. Such alterations may include, but are not limited to, those that 
alter the physical or biological features essential to the conservation of a species or that 
preclude or significantly delay development of such features (50 CFR §402.02). 

This BO uses hierarchical numeric section headings. Primary (level-1) sections are labeled 
sequentially with a single digit (e.g., 2. PROPOSED ACTION). Secondary (level-2) sections 
within each primary section are labeled with two digits (e.g., 2.1. Action Area), and so on for 
level-3 sections. The basis of our opinion for each listed species and each designated critical 
habitat identified in the first paragraph of this introduction is wholly contained in a separate 
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level-1 section that addresses its status, environmental baseline, effects of the Action, 
cumulative effects, and conclusion 

2. PROPOSED ACTION 

Under the authority of Section 211 of the Water Resources Development Act of 1996, the 
USACE assigned the FDCD as the non-federal sponsor to conduct the feasibility studies, 
environmental impact studies, and to optionally design and construct this federally authorized 
flood risk management project. The FDCD is proposing the Pearl River Watershed Project in 
Hinds and Rankin Counties, Mississippi. The purpose of the project is to provide flood 
damage risk management along the Pearl River in Hinds and Rankin Counties, Mississippi. 
The project would provide the flood reduction benefits, as well as maintain the water supply for 
the City of Jackson's Fewell Water Treatment Plant, and provide potential recreational benefits. 
The plan is also referred to as Alternative C, the Channel Improvement Plan or One Lake. 

The proposed Action (Figure 2.1) includes the construction of a weir at RM 284; excavation of 
approximately 25 million cubic yards from approximately RM 284.0 to RM 293.5; and 
widening of an approximately 9.5-mile-long reach of the Pearl River. The newly excavated 
channel would range in width from approximately 400 to 2,000 feet. Excavated material would 
be placed adjacent to and behind existing levees; some material would also be placed within 
the floodplain to create islands from RM 289.5 to RM 292. Islands would be created for native 
wildlife and sandbars, and other natural features would be created throughout the area for turtle 
habitat. The channel would be excavated to varying depths to facilitate aquatic species habitat. 
Over 4 miles of an existing levee section along the eastern floodplain would be relocated 
further east reconnecting some of the floodplain and an existing weir structure located at RM 
291 would be removed. The existing weir is approximately 200 feet in length and provides 
water for the City of Jackson’s Fewell Water Treatment Plant. Downstream of the proposed 
weir (RM 284) an existing ring levee would be upgraded around the Savannah Waste Water 
Treatment Plant. The plant is located on the west bank of the river between RM 281 and RM 
283. To the east of the proposed weir there would be a low flow diversion channel and a fish 
passage channel. North of the improved channel, a total of approximately 10 miles of river 
bank would also be protected; this Action is in accordance with the ringed map turtle recovery 
plan. The relocation of ringed map turtles from Crystal Lake and the relocation of nests from 
the excavation area is also planned. An adaptive management and monitoring plan will be 
developed in conjunction with the Service and the Mississippi Department of Wildlife, 
Fisheries and Parks (MDWFP) which would provide ongoing monitoring, long-term 
management, and habitat protection benefits for the listed turtle. 

The Service analyzed impacts from the Action by dividing the project into impacts primarily 
associated with: 1) construction of the channel (e.g., excavation) and relocation of the levee 
and 2) impacts associated with the construction of the weir, its appurtenances and the impacts 
associated with the functions of the enlarged channel. Details of those features are described 
below in Section 2.2 Channel Excavation and Levee Relocation and Section 2.3 Weir 
Construction and Impoundment. Future detailed project planning may result in changes to 
project features and construction methods. Such changes may necessitate future consultations 
pending the extent and magnitude of the potential effects of those project modifications. 
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2.1. Action Area 

For purposes of consultation under ESA §7, the Action Area is defined as “all areas to be 
affected directly or indirectly by the Federal Action and not merely the immediate area 
involved in the Action” (50 CFR §402.02). The BA describes the project area to include 2,450 
acres along the main channel of the Pearl River from RM 301.77 to 284 in Hinds and Rankin 
Counties, Mississippi. The Service defines the “Action Area” for this consultation to include 
the portion of the Pearl River from the Ross Barnett spillway (RM 301.77) to 1.6 miles 
downstream of the proposed project weir at RM 284 (see following sections regarding the 
delineation of this area) (Figure 2.2). The Action Area also includes riparian areas adjacent to 
the river where construction activities will occur. The Action Area extends upstream of the 
proposed project to include all river miles that will be impacted by altered flow regimes, at 
approximately RM 301.77. The Action Area extends downstream (approximately 1.6 miles) of 
the proposed impoundment as this represents a sufficient downstream distance outside of the 
construction limits to determine if geomorphology and/or water quality impacts would occur as 
a result of the Action. 

The Pearl River is formed in Neshoba County, Mississippi, by the confluence of Nanaway and 
Tallahaga Creeks and flows southwesterly for 130 miles to the vicinity of Jackson, then 
southeasterly for 233 miles to its outlet channels, the East Pearl and West Pearl Rivers (Lee 
1985). The Action Area consists of the Pearl River floodplain from the Ross Barnett Dam to 
just south of Byram and includes land in Madison, Rankin, and Hinds Counties, Mississippi. 
The study area is drained by several small creeks that are tributaries of the Pearl River. Small 
tributaries to the Pearl River within the Action Area include Town, Hanging Moss, Eubanks, 
Lynch, Richland, Hardy, Caney, Purple, and Hog Creeks. 

Immediately upstream of Jackson and on the Pearl River at River Mile (RM) 301.77 is the Ross 
Barnett Reservoir. The Pearl River Valley Water Supply District (PRVWSD) constructed the 
reservoir in the mid-1960s, and they retain authority for operation and maintenance of the 
project. The relatively shallow impoundment (mean depth of 12 feet) inundated approximately 
24 miles of the Pearl River. In the northern part of Jackson, the City of Jackson built a low 
weir in 1915 at approximately RM 290.7 for water supply, which still provides a large portion 
of the city’s water supply. 

The 1960 Flood Control Act authorized construction of the Jackson (i.e., Fairgrounds) and East 
Jackson levees to address flooding in the area; the USACE completed that project in 1968 with 
an extension of the Jackson levee at Fortification Street completed in 1984. The existing flood 
control project consists of those two earthen levees on either side of the river totaling 13.2 
miles. There is also channel work associated with the levees which includes 9.3 miles of 
enlargement and realignment of the main river channel through the town of Jackson 
(approximately 5 miles of cutoffs). Maintenance includes any necessary periodic removal of 
vegetation along a 650-foot-wide cleared strip of floodplain along the river and complete 
clearing downstream of that; a total of 346 acres of the floodplain (approximately 40 percent of 
the riparian area) is maintained in some form of cleared or partially cleared floodplain. 

Two former landfills (Gallatin Street and Jefferson Street) and the former Gulf States Creosote 
plant are also located within the proposed project area. The 62-acre Gallatin Street landfill 
contains urban and industrial trash. Leachates from within the site contain cadmium, lead, and 
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nickel above the regulatory standards. Debris from this landfill is reported to be washing into 
the river. The 45-acre Jefferson Street (or Lafleurs Landing) landfill also has debris that can be 
eroded during high river stages. The Environmental Protection Agency’s (EPA) Final 
Preliminary Assessment/Site Inspection (PSA/SI) done in 2003 found barium, cobalt, 
manganese, and zinc, as well as creosote residuals consisting of a variety of polycyclic 
aromatic hydrocarbons (PAHs). 

Downstream of the project area, the Pearl River flows through mostly rural areas. In this area 
between 76 and 90 percent of the land in counties adjacent to the river is forested (Oswalt 
2013). There are many tributaries to the Pearl River south of the project area, but the two 
largest tributaries occur in the middle portion of the watershed. The Strong River (located at 
approximately RM 227) flows into the Pearl River just south of Georgetown, and Silver Creek 
(located at approximately RM 186) joins with the Pearl just south of Monticello. The Bogue 
Chitto River, located at approximately RM 37, is the largest tributary in the lower Pearl River 
watershed. 

The lower portion of the Pearl River watershed has experienced more land conversion than the 
middle portion but less than around Jackson. Counties along the lower portion of the Pearl 
River have between 51 and 75 percent forested lands (Oswalt 2013). In the lower watershed, 
the Pearl River has been altered by the construction of two navigation channels, the Pearl River 
Navigation Channel and the West Pearl River Navigation Channel. The West Pearl River 
Navigation Channel includes three navigation locks in the channel and three sills (i.e., weirs 
approximately 12 feet in height). The sills are located on the Bogue Chitto River, the Pearl 
River at Pools Bluff, and near the southern navigation lock. The Pearl River Navigation 
Project resulted in the snagging and clearing of the river between Bogalusa, Louisiana, and 
Columbia, Mississippi. Downstream from approximately the latitude of Bogalusa, Louisiana, 
the Pearl River becomes a braided river system with numerous bifurcations. 

Hydrology 

The Ross Barnett Reservoir was constructed in 1961 and was filled by 1965. Operationally, 
the Ross Barnett Reservoir must maintain a minimum flow of 112 million gallons of water per 
day or approximately 170 cubic feet per second (cfs). This discharge rate is greater than low-
flow discharge rates experienced preconstruction; however, downstream discharge of the 
Savanna Street Wastewater Treatment Facility is based on a critical low flow of 227 cfs. Thus, 
the minimal discharge from the reservoir at times could be below that required for adequate 
dilution and flushing of the wastewater facility’s discharges. The Ross Barnett Reservoir is 
eutrophic with low dissolved oxygen (DO) levels documented in the summer months (EPA 
1975; Mississippi DEQ 2018; Phallen et al. 1988). 

Prior to and after construction of the Ross Barnett Reservoir, Pearl River flows varied primarily 
in response to rainfall in the basin (Hasse 2006). Groundwater discharge into some of the 
tributary streams also contributes to flows (Lang 1972; Lee 1985). Bednar (1976) postulated 
that during low discharge periods aquifer recharge could further reduce flows in the project 
area based on information collected approximately 2.3 miles south of the proposed weir. 
Because that study did not examine geological formations, the potential extent of possible 
recharge zones within the project area is unknown. The bed and banks of the river are 
primarily comprised of silts, sands, sandstone, and clays, including marl, with gravel deposits 
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also present (Monroe 1954). Some limestone outcroppings occur along the banks as well 
(Crider 1906). Weathering of the clays can reduce their cohesiveness allowing the Pearl River 
to meander naturally in the floodplain (Monroe 1954). 

An analysis of data from four stream gauge stations (Edinburg, Jackson, and Monticello, 
Mississippi, and Bogalusa, Louisiana) on the Pearl River for pre- (up to 1960) and post-Ross 
Barnett Dam and Reservoir construction (1964 – 2005) revealed that the same magnitude flood 
and low-flow events are recurring at greater magnitudes post-construction (Hasse 2006). The 
analysis indicated that the increase in magnitude of post-construction low flows is an effect of 
the reservoir. Also revealed was an increase in the median annual rainfall amounts in the upper 
and middle basin, which has resulted in an increase in the flows for the lower basin. Hasse 
(2006) also used the Use of the Indicators of Hydrologic Alteration software that examined 33 
primary and 44 secondary parameters to provide a statistical analysis of changes in stream 
flows due to landscape changes and/or water resource projects. The greatest hydrologic 
alteration was observed at the Jackson station immediately downstream of the dam, with the 
degree of alteration decreasing in a downstream direction. However, hydrologic alteration was 
also detected at the Edinburg station upstream of the reservoir indicating that landscape and 
weather pattern changes are partially responsible for some of the alterations within the basin. It 
was estimated that approximately one-third of the alterations at the Jackson station and one-
half at the Bogalusa station were related to landscape and weather pattern changes while the 
remaining were attributed to the reservoir. The parameters that showed the greatest alteration 
downstream of the reservoir include an increase in the number of low-flow pulses but a 
decrease in the low-flow duration at the Jackson and Monticello stations; these stations showed 
the same changes for high-pulse events as well. For the Bogalusa station the annual median 
number of low-flow pulses decreased post-reservoir but the annual duration of low-flow pulses 
increased; a similar trend for high flow events was also noted. The increase in the hydrograph 
rise and fall rates post-reservoir construction and the increase in hydrograph reversals are 
typically associated with flow alterations from dams (Hasse 2006). 

Tipton et al. (2004) conducted a geomorphology investigation of the middle portion of the 
Pearl River between its confluence with the Strong River and Monticello, Mississippi. They 
examined sand bar stability between 1986 and 1999 and related it to the abundance of darters. 
Areas experiencing greater instability were found in the lower part of their study area and those 
areas had fewer darters. Kennedy and Hasse (2009) also conducted a geomorphology study of 
the entire basin below the Ross Barnett Reservoir. Their study was multi-facetted and reported 
that the Ross Barnett Reservoir almost entirely removed the upper one-third of the drainage 
basin from contributing sediment, which has resulted in the incision and degradation of the 
Pearl and Strong rivers. During flood stages, the floodplain captures large quantities of 
suspended sediments, especially below the confluence with the Strong River. The upper Pearl 
River (but below the Ross Barnette Dam) is also a major contributor to sediment loads due to 
the instability of the river and the resulting bank erosion. Instability of the river decreases 
downstream but is still an important source of excess sediment. The pool created by Pools 
Bluff Sill acts to stabilize the channel and bank conditions in that area of the lower Pearl River. 
Downstream of that sill there is an increase in channel stability with most of the instability 
being primarily related to sand and gravel mining, but also to the navigation channel. Kennedy 
and Hass (2009) compared their analysis to Tipton et al. (2004) and asserted that the area of 
instability identified by Tipton et al. (2004) may be migrating downstream. Piller et al. (2004) 
reported that the Pearl River south of its confluence with the Strong River had undergone a 
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dramatic change, with gravel substrates being replaced with unstable sand substrate following 
construction of the reservoir. 

Conversely, the examination of data from three gauges from within and downstream of the 
project area (i.e., Jackson, Byram, and Rockport) was performed during the feasibility study by 
contractors for the FDCD to determine possible changes in discharge and stage (i.e., water 
level or gauge height) relationship to determine if the Pearl River had undergone any channel 
changes. Based on that examination it was concluded that the construction of the reservoir, 
land use changes, urbanization, and channel improvement could have resulted in some 
instability but has since re-stabilized and remained in a state of dynamic equilibrium. The 
Jackson gauge used in the analysis is located approximately 1.3 miles upstream of the proposed 
weir (i.e., within the project area), while the Byram and Rockport gauges are located 
approximately 14 and 40 miles downstream of the proposed weir, respectively. Because stage-
discharge measurements are not taken continually the data represents periodic measurements 
over the years. Data from the Jackson gauge included the years from 1929-1972, 1973-1977, 
1978-1989, and 1990-2010. The Byram gauge included data from only 1984 to 1993 while the 
Rockport gauge had data from 1940-1949, 1984-1991, and 1992-2010. Based on the 
examination of that data the stage-discharge relationship was determined to be stable for the 
Jackson and Byram gauges (Graphs 2.1 and 2.2). For the Rockport gauge (Graph 2.3) there 
was a slight lowering of the stages (generally less than a foot) for discharges between 32,000 
and 51,000 cfs for the time period between the 1940’s and 1980’s and there was also a possible 
lowering of the stages for flows less than 4,000 cfs between the 1984-1991 and the 1992-2010 
period. The Rockport gauge is located in the same reach of the river where Tipton et al. (2004) 
and Piller et al. (2004) reported some instability during the later time period. 

For the USACE 1996 Draft Environmental Impact Statement (EIS) and Feasibility Study an 
examination of the river was also undertaken. That examination determined that the upper 
reach extending 10 miles downstream of the reservoir consisted of mostly fine to medium 
sands and near vertical banks that are eroding resulting in a major source of sediment to the 
system. The middle reach (next six miles) consists of the reach altered by previous flood 
control projects and that reach appeared to be stable but with some signs of degradation. The 
lower reach (next 15 miles) consisted of a meandering channel with areas of aggradation and 
degradation. It was noted that the reservoir has reduced the sediment discharge downstream of 
the dam with some channel degradation, but no significant instability has occurred. 

In addition, the contractors for the FDCD examined Google Earth imagery from 1996-2010 to 
assist in determining bank erosion. For the 16-mile-long project area, eight areas of erosion 
were identified with six of the sites occurring between the reservoir and Highway 25; the 
remaining sites were downstream. That examination determined that 6.5 percent of the study 
area was experiencing low to moderate meander migration and no significant channel changes 
were seen. Examination of river banks were also conducted, and based on that examination it 
was determined that the Action Area is relatively stable with localized erosion and that the 
channel may have experienced some degradation in the past, but there was no indication of 
instability based on limited field observation. 

Hydrologic modeling of the Action Area indicated that the range of velocities within the river 
varied with the cross-section of the river and floodplain and the river’s discharge (Graph 2.4). 
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Average cross-sectional velocities varied from approximately 0.27 feet per second (fps) to 2.2 
fps. 

Overall the Pear River Basin has undergone alterations due to changes in the landscape (e.g., 
land clearing, navigation, flood control) that impact the ecological functions of the area. These 
ongoing impacts have led to the reduction and/or loss of habitat which has resulted in the 
listing of species under the ESA. Declines in other species endemic to the Pearl River and 
adjacent watersheds because of the ongoing alterations may result in the additional listing of 
other species. A comprehensive watershed assessment should be undertaken to identify pro-
active measures that would ensure the protection of fish and wildlife values in the basin while 
achieving socio-economic needs. 

2.2. Channel Excavation and Levee Relocation 

The proposed Action consists of the excavation of approximately 25 million cubic yards from 
approximately RM 284.0 to RM 293.5. The channel widening would range in width from 
approximately 400 to 2,000 feet. The channel would be excavated to varying depths to 
facilitate aquatic species habitat. It would also include the relocation of over approximately 4 
miles of a levee further away from the river thus reconnecting some of the floodplain. In 
addition, the construction of a 1,500-foot-wide weir structure at approximately RM 284.0 to 
create a 1,901-acre improved channel (i.e., lake). Earthen material removed from the 
floodplain and river would be used to create approximately 947 acres of elevated fill adjacent 
to the excavated area and levees. 

Activities needed to accomplish this work would include clearing and grubbing along all of the 
rights-of-way (ROWs) for all project features, construction of staging areas and access roads, 
and hauling of earthen fill for the levee. An existing 200-foot-wide weir for drinking water 
retention located at RM 291 within the project footprint would also be removed. The plan also 
includes installation of a 12-foot by 12-foot gate structure near and east of the weir to maintain 
minimum flows through the river channel system. A fish by-pass channel around the weir and 
low flow structure would be constructed on the east bank of the river. 

The project would also include the creation of islands from approximately RM 289.5 to RM 
292.0 to create and maintain habitat for wildlife species common to the area. In addition, to 
replace the approximately 31.4 acres of sandbars that would be lost, an equal or greater acreage 
would be recreated for turtle nesting habitat. The sandbars would be approximately 1 to 15 
acres in size with sand approximately 2 feet deep. The sandbar would be no wider than 75 
yards from the water line. The central ridge of the island should be 7 to 8 feet higher than the 
edges and vegetated with a narrow (<20 yards) strip of river birch or black willow trees. The 
created sandbars in conjunction with the proposed islands would be monitored and maintained 
through the life of the project to ensure that vegetative cover does not overtake the created open 
sand nesting areas. No wake zones would be established around the sandbars and human 
disturbance would be prohibited. Enforcement of the wake and disturbance restrictions would 
be within the authority of and undertaken by members of the FDCD. The sandbars would also 
be surrounded by tree tops and downed trees to create at least short-term basking and foraging 
areas and also serve to protect turtles from predation. The tree tops and downed trees would be 
placed approximately 10 to 20 feet apart around the created islands and along any of the 
shoreline that would be available for such uses. 
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Approximately 10 miles of river bank would also be protected. The prioritized areas where this 
land would be located is; 1) north of the improved channel, 2) north of the Ross Barnett 
Reservoir, and 3) south of the weir. This action is in accordance with the ringed map turtle 
recovery plan. The relocation of ringed map turtles from Crystal Lake and the relocation of 
nests from the excavation area is also planned. An adaptive management and monitoring plan 
will be developed in conjunction with the Service and the MDWFP which would provide 
ongoing monitoring, long-term management, and habitat protection benefits for the listed turtle. 

Capping and stabilization of the Lafleur’s and Gallatin Street Landfills would be undertaken, 
while some mitigative measures may be required at the Gulf States site. Further investigations 
to be undertaken in the detailed design phase are required to fully determine the extent of 
remediation needed. Remediation should reduce leachates from flowing into the Pearl River. 

Excavation of the 25 million cubic yards would destroy approximately 1,433.5 acres of 
forested or scrub-shrub wetlands, 31.41 acres of accretion (e.g., sandbar, sandbank), and 65.1 
acres of emergent wetlands. A total of 1,901 acres would be excavated and 947 acres would 
have earthen fill placed on them. Of the 1,901 acres to be excavated, 230.80 acres currently 
exist as the Pearl River. 

2.3. Weir Construction and Impoundment 

The proposed Action also includes the construction of an approximately 1,500-foot-wide weir 
located at RM 284. The top elevation of the weir would be at 258 feet North American 
Vertical Datum 1988 (NAVD 88). The weir will create an approximately 1,500-acre 
impoundment stretching from RM 284 to approximately RM 293 with an average depth of 22 
feet. Current average depth is 6.7 feet. A 12-foot by 12-foot gate and culvert structure would 
be built to the east of the new weir to maintain minimum flows through the impoundment 
during low flow periods. The bottom elevation of the culvert on the upstream side would be 
approximately 248 feet (NAVD 88) while the downstream side would connect to the existing 
channel at an elevation of approximately 230 feet (NAVD 88). An approximately 7,300-foot-
long channel for fish passage would be constructed east of the low-flow structure and would 
have an upstream bottom elevation of 256 feet (NAVD 88) and the downstream bottom 
elevation would be 230 feet (NAVD 88) where it connects to the river channel. 

Activities would also include construction of an approximately 900-foot-long embankment 
with a top elevation of 260 feet (NAVD 88) within the floodplain to connect the weir to the fill 
areas on each side; the weir would be approximately centered in this embankment. Activities 
would include clearing and grubbing along all the ROWs for all project features, construction 
of staging areas and access roads, and hauling of earthen fill for the levee. Excavation of the 
weir site, low-flow structure, and fish passage channel would be necessary. Placement of 
erosion resistant material (e.g., stone or concrete) would be needed downstream of the weir, 
within the low-flow channel, and in the fish passage channel. 

The construction plan indicates that most of the excavation from the Pearl River floodplain 
would occur during the dry season when the likelihood of out-of-bank flows is reduced. This 
provides a progressive level of flood risk management during construction and helps to 
minimize impacts to water quality and quantity. With flow contained within the River, the 
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sediment load would not be impacted by the off-line excavation process during within bank 
flow periods. Once constructed, the weir would fill by local rainfall events. The required 
minimum flows from the Ross Barnett Reservoir would be maintained at all times during 
construction. Once filled, the discharge over the weir and through the fish passage channel is 
designed to match the discharge from the Ross Barnett Reservoir. 

Because the low flow structure is designed to meet the required discharge of the Ross Barnett 
Reservoir, there will not be a change in the discharge from the proposed project. Average 
monthly discharge, along with the standard deviation and minimum monthly discharge from 
1966 to 2013, are presented in Table 2.1. Typically, June through October have the lowest 
discharge while December through April have the highest discharge. May and November have 
discharges that transition between the high and low periods. The percentages of months having 
discharges less than 1,000, 2,000, 5,000, 10,000, 20,000 and 40,000 cubic feet per second (cfs) 
are presented in Table 2.2. In general, discharges greater than 5,000 cfs do not occur between 
June and November. Discharges greater than 20,000 cfs occur infrequently between December 
and May; that is most discharge rates are less than 20,000 cfs during that time period. 

The range of velocities and water surface elevations presented in the tables below represent 
various flows with the 1,000 cfs discharge typically being equaled or exceeded about 54 
percent of the time, the 2,000 cfs flow would be equaled or exceeded 42 percent of the time, 
the 5,000 cfs flow being equaled or exceeded 26 percent of the time, and 10,000 cfs flow being 
equaled or exceeded 13 percent of the time. Most of the discharges have their typical 
reoccurrence interval presented within the profile column. The weir would elevate the water 
surface within the Action Area from 258.1 feet (NAVD 88) to an approximate elevation of 
260.95 feet (NAVD 88) for a river discharge of 20,000 cfs just upstream of the weir. 
Additional changes in water surface elevation are presented in Tables 2.3 through 2.7. As 
shown in the tables, the weir would elevate the water surface near the weir with greater 
differences being experienced when the river would have normally been at low flow conditions 
and smaller differences during larger discharge events. 

Velocity differences within the channel would also occur (velocities presented in the tables and 
graphs are an average over the channel’s cross section) with velocities being reduced for the 
length of the project (Graph 2.1). This trend remains fairly constant throughout the improved 
channel portion (Tables 2.3 through 2.5 and Graph 2.4) with variations caused primarily by 
differences in the proposed cross-section of the channel. Upstream of the approximate upper 
limit of the pool area (between RM 293 and 294) the trend begins to diminish (Table 2.6 and 
Graph 2.4), but the influence of the weir is still detectable up to approximately RM 295.7. 

Based on an ANOVA analysis of the 20,000 cfs and 40,000 cfs discharges the post-project 
velocities will be significantly reduced for the entire project area at 20,000 cfs. Post-project 
velocities will be significantly reduced in the improved channel reach and will increase in the 
upstream reach. The channelized reach is projected to have reduced velocities at all discharges 
below 20,000 cfs, but not at 40,000 cfs or greater; whereas the upper reach will see post-project 
velocity increases at 40,000 cfs and greater but not at 20,000 cfs or below. Once discharges 
decrease below 10,000 cfs, the improved channel’s velocities would significantly decrease and 
lake like velocities would occur. 
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Between RM 293.9 (upper end of the improved channel) and RM 295.9 the river and 
floodplain will not be altered, but the water surface elevation will be reduced several feet for 
discharges between 10,000 cfs and 50,000 cfs. In this same general area there will be an 
increase in velocities (i.e., 1.28 feet per second [fps] to 5.85 fps) for discharges greater than 
40,000 cfs (shaded area in Graph 2.4). This decrease in water surface and increase in velocities 
could result in scouring and destabilization of the banks (i.e., head cutting); however, analysis 
of the sheer strength (resistance to erosion) values within this reach would be well below the 
critical thresholds that would cause channel instability. This reach would be monitored for any 
changes in channel stability once constructed. 

The weir is designed to be overtopped by the discharges occurring at the one-year frequency or 
greater. Studies have investigated geomorphological impacts from similar weirs. Gangloff et 
al. (2011) found narrower channel widths in streams with intact weirs. Helms et al. (2011) 
found intense sedimentation and altered geomorphology in upstream areas and immediately 
downstream of the weir. Pearson et al. (2016) observed that floodplains upstream of dams 
received larger amounts of sediment (including sand) during over bank floods. Ciski (2014) 
found that weirs with tops below channel banks still captured fine sediments and sand, but 
trapping of fines was minor and no major discontinuities in river morphology or sediment 
characteristics occurred. Skalak et al. (2008) discovered coarsening of downstream sediments. 
Ciski and Rhoads (2010) observed that if the weir does trap sediment, then downstream erosion 
of channel banks and the channel bed will occur through the formation of an inflection point in 
the water surface profile; this inflection or “nick” point would migrate toward the structure 
diminishing the extent of the backwater (i.e., sedimentation) zone. Sluice gates within the 
structure helped pass sediments downstream. Fencl et al. (2017) also found that the substrate 
coarsened downstream, but that a maximum of 1.6 miles downstream, the substrate returned to 
reference site conditions. The downstream area altered by weirs (i.e., widening and substrate 
changes) ranged from 0.13 to 1.6 miles with an average of 0.75 miles. The changes in the 
river’s width and depth depended on local factors including geology, channel confinement, 
slope, and height of dam compared to bank height. Sedimentation starvation below dams can 
reduce the effect of downstream low-head dams. Upstream areas experienced an increase in 
mean depths. The impacted upstream area can vary by the slope of the river and the height of 
the weir. 

To assess the potential capture of sediments, the FDCD contracted with Tetra Tech to develop 
a model of the area to compare existing conditions against those with the project constructed. 
The Tetra Tech model was developed on behalf of the Mississippi Department of 
Environmental Quality (MDEQ). This model uses Environmental Fluid Dynamics Code 
(EFDC) and Water Quality Analysis Simulation Program (WASP) to create a dynamic one-
dimensional model from Jackson, MS, to Bogalusa, LA, and simulates hydraulics and water 
quality from January 1, 2000, through December 31, 2017. In addition to using 18 years of 
data, the model accounts for many hydraulic variables, including discharge flows (Table 2.7) 
and total suspended solids (Table 2.7). Implementation of the project results in less than 0.3 
percent change in either direction on either variable. Based on this analysis they determined 
that the project is not predicted to impact sediment load or downstream discharges (and thereby 
downstream velocities); thus, the project would not be expected to affect the amount of 
sediment that would or would not be picked up downstream of the project area. However, 
within the Engineering Appendix a preliminary sediment transport analysis was conducted. 
That analysis indicated a reduction of sediment transport, especially at lower flows 

17 



 

 

 

    
     

  
              

 
 

             
  

 
   

 
        

 
   

  
   

                
   

    
 

 
    

  
 

 
  

          
  

     
 

   
 

 
   

    
  

 
   

            
   

 

approximately between RM 285 and 290. This would indicate a potential sediment sink within 
the lake portion; and the appendix did state the need for additional sediment analysis. Reduced 
sediment transport could result in increased downstream erosion. To address that issue, 
monitoring at the weir and downstream for 1.6 miles would be incorporated into the monitoring 
and adaptive management plan. 

To assess water quality the same Tetra Tech model was used. Parameters examined included 
temperature, dissolved oxygen (DO), total phosphorus, total suspended solids, biological 
oxygen demand (BOD), total nitrogen and chlorophyll a. Slight differences were noted for 
many of the parameters (Table 2.7) but no significant adverse effects were revealed. 

2.4. Non-Federal Activities caused by the Federal Action 

A BO evaluates the effects of a proposed Federal action. “Effects of the action are all 
consequences to listed species or critical habitat that are caused by the proposed action, 
including the consequences of other activities that are caused by the proposed action. A 
consequence is caused by the proposed action if it would not occur but for the proposed action 
and it is reasonably certain to occur. Effects of the action may occur later in time and may 
include consequences occurring outside the immediate area involved in the action (50 CFR 
§402.02). 

Alternative C includes the construction of additional natural areas and parks within significant 
portions of the project fill areas. Non-consumptive activities, such as hiking, outdoor 
photography, and wildlife viewing, would increase as these areas would be publicly available. 
These areas would complement Lefleur’s Bluff State Park. Conversion of the forestland and 
other habitat types that currently exist and are inaccessible to water, will occur with the 
implementation of Alternative C. This alternative would increase water-dependent recreational 
opportunities, such as fishing, boating, and canoeing through additional public access such as 
boat ramps. Non-consumptive uses would increase because of the inclusion of multipurpose 
trails, wildlife viewing areas, amphitheaters, and campgrounds. The additional public access 
boat ramps and pedestrian access points associated with this alternative would increase 
recreation within the project area. Alternative C would improve access to the riverfront, 
increasing the opportunity for public recreational utilization. 

Activities that would not occur but for the proposed Federal action include relocation or 
retrofitting of existing infrastructure within the action area (i.e. roads, bridges, pipelines, 
powerlines), riverfront access and development. These activities are expected to increase 
recreational opportunities, which will stimulate community development, population, and 
housing. Increased recreational use of the river from the upper end of the pool to reservoir 
could occur similar to consequences north of the Ross Barnett Reservoir; currently recreational 
activities do occur but are not as great (Selman and Jones 2017). Alternative C also has the 
inclusion of a fish passage channel next to the weir structure so that the weir would be less of 
an impediment to Gulf sturgeon. 
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Figure 2.1 Proposed Channel Improvement Plan 
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Exhibit A.I: Stage-discharge relationships for four (4) time periods for the Pearl River at 
Jackson, MS. (See also Appendix C: Engineering, Preliminary Sediment Analysis) 
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Exhibit A.2: Stage-disdi..vge relationships for two (2) tim e periods for the Pearl River at 
Byram, MS. (See also Al!J!.endix C: Ens!_neering, PrelimirtanJ Sedime11t A na lysis) 
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Exhibit A.3: Stage-discharge relationships for four tune periods for the Pearl River at 
Rockport, MS. (See also Appendix C: Engineering, Preliminary Sediment Analysis) 
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Graph 2.3 

Table 2.1. Monthly average discharge (cfs), 1 Standard Deviation (STD) and minimum 
monthly average flow 1966-2013. 

Jan Feb March April May June July August Sept Oct Nov Dec 
Average 8333 9303 9101 8183 4312 1562 1154 961 1140 1331 2078 5421 
1 STD 5920 5875 4914 7700 4816 1734 1330 1237 1683 2313 1967 4868 
Minimum 338 321 1233 412 256 183 180 197 208 195 142 298 

Table 2.2. Percent of months having discharge less than the rate indicated from 1966-2013. 
Discharge 
cfs 

Jan Feb March April May June July August Sept Oct Nov Dec 

<1000 8 2 0 8 23 52 65 65 75 77 43 11 
<2000 15 4 6 21 42 81 85 92 85 85 57 26 
<5000 31 29 21 42 67 92 96 98 96 94 89 57 
<10,000 71 56 65 71 92 100 100 100 100 98 100 87 
<20,000 96 96 96 92 98 100 100 100 100 100 100 98 
<40,000 100 100 100 100 100 100 100 100 100 100 100 100 
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Table 2.3. Hydrologic information for just above the proposed weir 
River Mile Profile Plan Discharge Water 

Surface 
Elevation 

Velocity Total Area Top Width 

(cfs) (ft) (ft/s) (sq ft) (ft) 

284.833 - Existing 1000.00 238.43 1.17 851.32 137.08 
284.833 - Alt C 1000.00 258.40 0.05 22369.18 3182.28 
284.833 - Existing 10000.00 252.55 2.08 7497.75 1660.40 
284.833 - Alt C 10000.00 259.86 0.45 27544.17 3932.60 
284.833 - Existing 20000.00 258.10 2.09 19673.79 3698.12 
284.833 - Alt C 20000.00 260.95 0.83 32053.53 4378.40 
284.833 2 YR Existing 40000.00 264.05 1.67 55605.10 9560.92 
284.833 2 YR Alt C 40000.00 264.27 1.21 53155.65 8360.21 
284.833 5 YR Existing 50000.00 266.13 1.40 76860.01 10733.41 
284.833 5 YR Alt C 50000.00 266.32 1.18 71379.16 9239.55 
284.833 10 YR Existing 56800.00 267.20 1.35 88425.55 10858.47 
284.833 10 YR Alt C 56800.00 267.39 1.21 81291.73 9339.00 
284.833 25 YR Existing 73000.00 269.36 1.32 112014.10 10992.36 
284.833 25 YR Alt C 73000.00 269.55 1.27 101675.40 9469.48 
284.833 50 YR Existing 90000.00 271.42 1.23 134758.50 11070.64 
284.833 50 YR Alt C 90000.00 271.60 1.25 121130.50 9517.18 
284.833 100 YR Existing 106000.00 272.86 1.23 150825.60 11154.90 
284.833 100 YR Alt C 106000.00 273.06 1.28 135026.70 9594.28 

Table 2.4. Hydrologic information for the area between I-20 and US 80 
River Mile Profile Plan Discharge Water 

Surface 
Elevation 

Velocity 
Total 

Area Top Width 

(cfs) (ft) (ft/s) (sq ft) (ft) 
287.14 - Existing 1000.00 240.61 1.17 853.71 261.04 
287.14 - Alt C 1000.00 258.40 0.05 19424.23 1538.63 
287.14 - Existing 10000.00 254.29 1.14 8748.41 924.12 
287.14 - Alt C 10000.00 259.89 0.46 21717.10 1549.71 
287.14 - Existing 20000.00 259.79 1.40 17500.82 2262.55 
287.14 - Alt C 20000.00 261.03 0.85 23490.22 1557.56 
287.14 2 YR Existing 40000.00 265.84 1.45 31340.73 2310.40 
287.14 2 YR Alt C 40000.00 264.44 1.39 28841.54 1580.90 
287.14 5 YR Existing 50000.00 267.95 1.53 36962.38 2923.83 
287.14 5 YR Alt C 50000.00 266.51 1.56 32175.60 1786.84 
287.14 10 YR Existing 56800.00 269.10 1.61 40784.96 3839.39 
287.14 10 YR Alt C 56800.00 267.60 1.68 34312.81 2080.83 
287.14 25 YR Existing 73000.00 271.49 1.77 50877.87 4396.79 
287.14 25 YR Alt C 73000.00 269.82 1.95 40371.36 3382.07 
287.14 50 YR Existing 90000.00 273.71 1.93 60780.36 4521.68 
287.14 50 YR Alt C 90000.00 272.07 2.18 48410.02 3690.79 
287.14 100 YR Existing 106000.00 275.31 2.05 68093.63 4626.52 
287.14 100 YR Alt C 106000.00 273.53 2.43 53838.36 3779.51 
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Table 2.5. Hydrologic Information for the area between E. Fortification St. and the Water Works Weir 
River Mile Profile Plan Discharge Water 

Surface 
Elevation 

Velocity 
Total 

Area Top Width 

(cfs) (ft) (ft/s) (sq ft) (ft) 
290.45 - Existing 1000.00 245.90 0.95 1048.46 317.47 
290.45 - Alt C 1000.00 258.40 0.05 21878.94 2269.97 
290.45 - Existing 10000.00 257.62 1.76 5689.12 594.83 
290.45 - Alt C 10000.00 259.95 0.39 25419.89 2321.46 
290.45 - Existing 20000.00 262.75 1.76 13908.46 3172.01 
290.45 - Alt C 20000.00 261.22 0.70 28421.88 2518.79 
290.45 2 YR Existing 40000.00 268.86 1.14 35196.52 3674.10 
290.45 2 YR Alt C 40000.00 264.87 1.02 39105.57 3170.99 
290.45 5 YR Existing 50000.00 271.14 1.14 44007.17 3926.98 
290.45 5 YR Alt C 50000.00 267.03 1.08 46106.50 3254.74 
290.45 10 YR Existing 56800.00 272.47 1.15 49241.71 3945.49 
290.45 10 YR Alt C 56800.00 268.18 1.14 49867.96 3261.55 
290.45 25 YR Existing 73000.00 275.28 1.21 60388.65 3982.73 
290.45 25 YR Alt C 73000.00 270.57 1.27 57677.16 3275.64 
290.45 50 YR Existing 90000.00 277.87 1.27 70733.42 4017.11 
290.45 50 YR Alt C 90000.00 273.00 1.37 65663.00 3289.99 
290.45 100 YR Existing 106000.00 279.81 1.35 78652.36 4126.38 
290.45 100 YR Alt C 106000.00 274.64 1.49 71065.68 3299.67 

Table 2.6. Hydrologic Information for the area just downstream of the dam 
River Mile Profile Plan Discharge Water Surface 

Elevation 
Velocity Total Area Top Width 

(cfs) (ft) (ft/s) (sq ft) (ft) 
302.08 - Alt C 1000.00 260.43 0.22 4546.82 458.15 
302.08 - Existing 10000.00 271.43 0.97 29436.15 5112.16 
302.08 - Alt C 10000.00 271.41 0.97 29332.66 5102.81 
302.08 - Existing 20000.00 275.02 1.56 53490.64 9232.33 
302.08 - Alt C 20000.00 274.91 1.57 52479.26 8773.74 
302.08 2 YR Existing 40000.00 279.69 0.70 113204.30 14348.72 
302.08 2 YR Alt C 40000.00 278.87 0.86 101558.70 13996.55 
302.08 5 YR Existing 50000.00 281.29 0.63 136908.00 15164.46 
302.08 5 YR Alt C 50000.00 280.72 0.71 128334.60 14970.76 
302.08 10 YR Existing 56800.00 282.08 0.62 149088.10 15300.98 
302.08 10 YR Alt C 56800.00 281.73 0.66 143659.50 15255.45 
302.08 25 YR Existing 73000.00 283.85 0.62 176337.50 15655.02 
302.08 25 YR Alt C 73000.00 283.22 0.67 166599.30 15505.50 
302.08 50 YR Existing 90000.00 285.61 0.61 204424.70 16313.44 
302.08 50 YR Alt C 90000.00 284.56 0.69 187586.40 15840.08 
302.08 100 YR Existing 106000.00 287.28 0.61 232381.90 17105.22 
302.08 100 YR Alt C 106000.00 285.68 0.72 205577.00 16334.50 
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Graph 2.3. Velocities in the Action Area. Green shade represents area north of the pool. 
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(ft) Flow (cfs) 
Existing Channel Improvements Existing Channel Improvements 

Mean I Median I 5%Tile I 95%Tile Mean I Median I 5%Tile I 95%Tile Mean I Median I 5%Tile I 95%Tile Mean I Median I 5%Tile I 95%Tile 
Project Area 6,71 4,81 1.31 18.6 22.11 21.91 20.31 24.0 Project Area 3988.ol mo.01 212.81 16268.2 3991.81 1315.41 247.SI 16273.4 

Temperature (F) Biochemical Oxygen Demand (mg/L) 

Existing Channel Improvements Existing Channel Improvements 

Mean I Median I 5%Tile I 95%Tile Mean I Median I 5%Tile I 95%Tile Mean I Median I 5%Tile I 95%Tile Mean I Median I 5%Tile I 95%Tile 
Project Area 68.71 68.71 50.31 87.4 69.ol 69.l l 49.l l 88.2 Project Area 10.71 10.81 10.61 10.8 6.91 7.51 1.81 10.5 

Dissolved Oxygen (mg/L) Total Nitrogen (mg/L) 

Existing Channel Improvements Existing Channel Improvements 

Mean I Median I 5%Tile I 95%Tlle Mean I Median I 5%Tlle I 95%Tlle Mean I Median I 5%Tlle I 95%Tile Mean I Median I 5%Tlle I 95%Tlle 
Project Area 8.41 8.11 5,81 11.4 8.41 8.21 6.21 10.9 Project Area 0.941 0.931 0.741 1.10 0.901 0,921 0.681 1.05 

Total Phosphorus (mg/L) Chlorophyll a (ug/L) 

Existing Channel Improvements Existing Channel Improvements 

Mean I Median I 5%Tile I 95%Tile Mean I Median I 5%Tlle I 95%Tile Mean I Median I 5%Tile I 95%Tile Mean I Median I 5%Tile I 95%1ile 
Project Area 0.111 0.111 0.081 0.14 0.111 0.111 0.081 0.14 Project Area 2.141 1.981 1.931 2.74 1.971 1.21 1 0.021 9.53 

Total Suspended Solids (mg/L) 

Existing Channel Improvements 

Mean I Median I 5%1ile I 95%Tile Mean I Median I 5%Tile I 95%lile 
Project Area 32.61 28.91 13.41 63.2 31.o l 26.81 13.ll 62.1 

Table 2.7. Modeled Water Quality Parameters pre and post project. 

26 



 

 

 

 
 

  
 

     
            

  
 

   
 

  
              

   
    

            
 

 
 

  
      

   
  

              
   

 
    

 
                  

    
   

    
 

 
 

   
                  

 
   

                
    

  
 

   
 

                

3. CONCURRENCE 

The USACE determined that the Action is not likely to adversely affect the wood stork and the 
Northern long-eared bat. The Service concurs with these determinations, for reasons we explain 
in this section. 

3.1 Wood Stork 

The threatened wood stork is a large, long-legged wading bird, about 50 inches tall, with a 
wingspan of 60–65 inches. The plumage is white except for black primaries and secondaries and 
a short black tail. The head and neck are largely unfeathered and dark gray in color. Wood 
storks occur seasonally in Mississippi during the non-breeding season (May–October). Typical 
foraging sites include freshwater marshes, swales, ponds, hardwood and cypress swamps, narrow 
tidal creeks or shallow tidal pools, and artificial wetlands (such as stock ponds; shallow, 
seasonally flooded roadside or agricultural ditches; and impoundments). 

Suitable habitat for this species is found within the project area and will be impacted; however, 
due to the amount of available habitat present in the state of Mississippi, we expect discountable 
and insignificant effects to the wood stork due to loss of available wetland habitat as a result of 
project implementation and the very low occurrence of wood storks in the area. In addition, 
these non-breeding adults are expected to avoid the project area during construction; therefore, 
the Service concurs with the USACE’s determination that the proposed project may affect, but is 
not likely to adversely affect the wood stork. 

3.2 Northern Long-eared Bat 

The Northern long-eared bat (NLEB) is a small bat (3.0 to 3.7 inches in length, 9.0 to 10.0 inch 
wingspan) that is distinguished by its long ears compared to other Myotis bats. The bats are 
found in all or portions of 37 U.S. states, including northeastern Mississippi. A migrating 
species, the NLEB utilizes forested habitats in the summertime for roosting and rearing their 
young and hibernate in caves during winter. There is one known hibernaculum cave in 
Tishomingo County, Mississippi and no known maternity roost trees within the state. 

White-nose syndrome, a deadly fungal infection that infects bats within hibernaculum, is the 
main threat to the NLEB. The fungus has spread to 28 of the 37 states within the bats range and 
includes locations within Mississippi. Under the NLEB final 4(d) rule, published February 16, 
2016 (81 FR 1900 1922), the White-Nose Syndrome Buffer Zone was established to include all 
areas within 150 miles of the boundaries of U.S. counties or Canadian districts where the fungus 
has previously been detected. The project area falls within this buffer area but outside of the 
0.25-mile (0.4 km) protected buffer zone of the known hibernaculum. 

Secondary threats to the NLEB include the disturbance of roosts and hibernation areas, forest 
management practices, and forest habitat modifications (development, wind power 
development). The final 4(d) rule states availability of forested habitat does not now, nor will it 
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likely in the future, limit the conservation of the species. The proposed project will not occur 
near or affect any known maternity roost trees, but will remove potential roosting and foraging 
habitat and could result in potential adverse effects. Under the final 4(d) rule, any incidental take 
resulting from forest conversion as a part of the channel excavation and levee realignment action 
of this project would be considered incidental take resulting from otherwise lawful activities and 
is not prohibited under the Endangered Species Act. Accordingly, the Service concurs with the 
USACE’s determination that the Action may affect, but is not likely to adversely affect the 
NLEB. 

This concurrence concludes consultation for the listed species and designated critical habitats 
named in this section, and these are not further addressed in this BO. The circumstances 
described in the Reinitiation Notice of this BO that require reinitiating consultation for the 
Action, except for exceeding the amount or extent of incidental take, also apply to these species 
and critical habitats. 

4. GULF STURGEON 

4.1. Status of Gulf Sturgeon 

This section summarizes best available data about the biology and current condition of the Gulf 
sturgeon throughout its range that are relevant to formulating an opinion about the Action. The 
Service published its decision to list Gulf sturgeon as threatened on September 30, 1991 (56 FR 
49653 49658). The Gulf Sturgeon Recovery/Management Plan was finalized September 22, 
1995. The Service published its final decision designating critical habitat for Gulf sturgeon on 
March 19, 2003 (68 FR 13370 13495). The most recent 5-year status review of the species was 
completed September 22, 2009. 

4.1.1. Description of Gulf Sturgeon 

The Gulf sturgeon, also known as the Gulf of Mexico sturgeon, is an anadromous fish (breeding 
in freshwater after migrating up rivers from marine and estuarine environments), inhabiting 
coastal rivers from Louisiana to Florida during the warmer months and overwintering in 
estuaries, bays, and the Gulf of Mexico. It is a nearly cylindrical primitive fish embedded with 
bony plates or scutes. The head ends in a hard, extended snout; the mouth is inferior and 
protrusible and is preceded by four conspicuous barbels. The caudal fin (tail) is heterocercal 
(upper lobe is longer than the lower lobe). Adults range from 1.2 to 2.4 meters (m) (4 to 8 feet 
(ft)) in length, with adult females larger than males. The Gulf sturgeon is distinguished from the 
geographically disjunct Atlantic coast subspecies (A. o. oxyrinchus) by its longer head, pectoral 
fins, and spleen (Vladykov 1955; Wooley 1985). King et al. (2001) have documented substantial 
divergence between A. o. oxyrinchus and A. o. desotoi using microsatellite DNA testing. 

4.1.2. Life History of Gulf Sturgeon 

Like most sturgeons, the Gulf sturgeon is characterized by large size, longevity, delayed 
maturation, high fecundity, and far-ranging movements. Gulf sturgeon typically live for 20 to 25 
years, but can reach ages of at least 42 years old (Huff 1975). Age at sexual maturity ranges from 
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8 to 12 years for females and 7 to 9 years for males (Huff 1975). High fecundity has been 
demonstrated by Chapman et al. (1993), who estimated that mature female Gulf sturgeon 
weighing between 29 and 51 kilograms (kg) (64 and 112 pounds (lb)) produce an average of 
400,000 eggs. Long-range migrations from the open Gulf of Mexico to bays and estuaries to 
coastal rivers are also common. Migratory behavior of the Gulf sturgeon is likely influenced by 
sex and reproductive status (Fox et al. 2000), change in water temperature (Wooley and Crateau 
1985; Chapman and Carr 1995; Foster and Clugston 1997), and increased river flow (Chapman 
and Carr 1995; Heise et al. 1999a, b; Sulak and Clugston 1999; Ross et al. 2000 and 2001b; 
Parauka et al. 2001). 

In general, all life stages of Gulf sturgeon migrate into rivers in the spring (from late February to 
May), where sexually mature sturgeon spawn when the river temperatures rises to between 17 to 
25 degrees Celsius (ºC) (75 degrees Fahrenheit (°F)). Similar to Atlantic sturgeon, Gulf sturgeon 
are believed to exhibit a long inter-spawning period, with male Gulf sturgeon capable of annual 
spawning, but females requiring more than one year between spawning events (Huff 1975; Fox 
et al. 2000) and only a small percentage of females spawn in a given year (Sulak and Clugston 
1999; Pine et al. 2001). Therefore, Gulf sturgeon population viability is highly sensitive to 
changes in adult female mortality and abundance (Pine et al. 2001; Flowers 2008). 

Spawning occurs in the upper reaches of rivers, at least 100 km (62 miles) upstream of the river 
mouth (Sulak et al. 2004), in habitats consisting of one or more of the following: limestone bluffs 
and outcroppings, cobble, limestone bedrock covered with gravel and small cobble, gravel, and 
sand (Marchant and Shutters 1996; Sulak and Clugston 1999; Heise et al. 1999a; Fox et al. 2000; 
Craft et al. 2001; USFWS unpub. data 2005; Pine et al. 2006). These hard bottom substrates are 
required for egg adherence and shelter for developing larvae (Sulak and Clugston 1998). 
Documented spawning depths range from 1.4 to 7.9 m (4.6 to 26 ft) (Fox et al. 2000; Ross et al. 
2000; Craft et al. 2001; USFWS unpub. data 2005; Pine et al. 2006). 

Gulf sturgeon eggs are demersal (bottom dwelling) and adhesive, and require at least 2 to 4 days 
to hatch (Parauka et al. 1991; Chapman et al. 1993). After hatching, larval Gulf sturgeon are 
particularly sensitive to water temperatures above 25°C (77°F) (Chapman and Carr 1995). 
Young-of-year (YOY) fish disperse widely throughout the river and remain in freshwater for 10 
to 12 months after spawning occurs (Sulak and Clugston 1999). They are typically found in 
open sand-bottom habitat away from the shoreline and vegetated habitat. 

Throughout early spring to late autumn, Gulf sturgeon of all ages remain in freshwater until fall 
(6 to 9 months) (Odenkirk 1989; Foster 1993; Clugston et al. 1995; Fox et al. 2000; Sulak et al. 
2009). They typically occupy discrete areas either near the spawning grounds (Wooley and 
Crateau 1985; Ross et al. 2001b) or downstream areas referred to as summer resting or holding 
areas. These resting areas are often located in deep holes, and sometimes shallow areas, along 
straight-aways ranging from 2 to 19 m (6.6 to 62.3 ft) deep (Wooley and Crateau 1985; Morrow 
et al. 1998; Ross et al. 2001a, b; Craft et al. 2001; Hightower et al. 2002), and frequently near 
(not in) natural springs (Clugston et al. 1995; Foster and Clugston 1997; Hightower et al. 2002). 
The substrates consisted of mixtures of limestone and sand (Clugston et al. 1995), sand and 
gravel (Wooley and Crateau 1985; Morrow et al. 1998), or just sandy substrate (Hightower et al. 
2002). With the exception of YOY fish, Gulf sturgeon do not typically feed during freshwater 
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residency (Mason and Clugston 1993; Gu et al. 2001). Sulak et al. (2012) reported that the vast 
majority (approximately 94 percent) of juvenile, subadult, and adult Gulf sturgeon sampled from 
the Suwannee River exhibited complete feeding cessation for the 8 to 9-month summer 
residency; however, a small percentage (approximately 6 percent) of juveniles and subadults did 
feed in freshwater. 

All non-YOY begin to migrate downstream from fresh to saltwater around September (at about 
23°C [73 degrees Fahrenheit (°F)]) through November (Huff 1975; Wooley and Crateau 1985; 
Foster and Clugston 1997), and they spend the cool months in estuarine areas, bays, or in the 
Gulf of Mexico (Odenkirk 1989; Foster 1993; Clugston et al. 1995; Fox et al. 2002). During the 
fall migration, Gulf sturgeon may require a period of physiological acclimation to changing 
salinity levels, referred to as osmoregulation or staging (Wooley and Crateau 1985). This period 
may be short (Fox et al. 2002) as sturgeon develop an active mechanism for osmoregulation and 
ionic balance by age 1 (Altinok et al. 1998). Some adult Gulf sturgeon may also spawn in the 
fall (Randall and Sulak 2012). 

Throughout fall and winter, juveniles feed in the lower salinity areas in the river mouth and 
estuary (Sulak and Clugston 1999; Sulak et al. 2009), while subadults and adults migrate and 
feed in the estuaries and nearshore Gulf of Mexico habitat (Foster 1993; Foster and Clugston 
1997; Edwards et al. 2003, 2007; Parkyn et al. 2007). Some Gulf sturgeon may also forage in 
the open Gulf of Mexico (Edwards et al. 2003). 

The Gulf sturgeon is a benthic (bottom dwelling) suction feeder: it feeds mostly upon small 
invertebrates in the substrate using its highly protrusible (capable of extension) tubular mouth. 
The type of invertebrates ingested varies by habitat but are mostly soft-bodied animals that occur 
in sandy substrates. YOY Gulf sturgeon feed on freshwater aquatic invertebrates, mostly insect 
larvae and detritus (Mason and Clugston 1993; Sulak and Clugston 1999; Sulak et al. 2009). 
Juveniles (less than 5 kg (11 lbs), ages 1 to 6 years) forage in lower salinity habitats near the 
river mouth and in the estuaries, and subadults and adults feed in the estuary and nearshore 
feeding grounds in the Gulf of Mexico (Foster 1993; Foster and Clugston 1997; Edwards et al. 
2003, 2007; Parkyn et al. 2007). Prey in estuarine and marine habitats include amphipods, 
brachiopods, lancelets, polychaetes, gastropod mollusks, shrimp, isopods, bivalve mollusks, and 
crustaceans (Huff 1975; Mason and Clugston 1993; Carr et al. 1996; Fox et al. 2000; Fox et al. 
2002). Ghost shrimp (Lepidophthalmus louisianensis) and haustoriid amphipods (e.g., 
Lepidactylus spp.) are strongly suspected to be important prey for adult Gulf sturgeon over 1 m 
(3.3 ft) in length (Heard et al. 2000; Fox et al. 2002). 

Previous tagging studies indicated that Gulf sturgeon exhibit river fidelity (USFWS and GSMFC 
1995). Stabile et al. (1996) identified five regional or river-specific stocks (from west to east): 
(1) Lake Pontchartrain and Pearl River, (2) Pascagoula River, (3) Escambia/Conecuh and Yellow 
Rivers, (4) Choctawhatchee River, and (5) Apalachicola, Ochlockonee, and Suwannee Rivers. 
Dugo et al (2004) reported that genetic structure occurs at the drainage level for the Pearl, 
Pascagoula, Escambia/Conecuh, Yellow, Choctawhatchee, and Apalachicola rivers (no samples 
were taken from the Suwannee population). Gulf sturgeon do make inter-river movements 
(USFWS unpubl. data 2012), and more genetic research is needed to determine if inter-stock 
movement is resulting in inter-stock reproduction. 
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4.1.3. Numbers, Reproduction, and Distribution of Gulf Sturgeon 

Historically, the Gulf sturgeon occurred from the Mississippi River east to Tampa Bay. Its 
present range extends from Lake Pontchartrain and the Pearl River system in Louisiana and 
Mississippi east to the Suwannee River in Florida. Sporadic occurrences have been recorded as 
far west as the Rio Grande River between Texas and Mexico, and as far east and south as Florida 
Bay (Wooley and Crateau 1985; Reynolds 1993). 

In the late 19th century and early 20th century, the Gulf sturgeon supported an important 
commercial fishery, providing eggs for caviar, flesh for smoked fish, and swim bladders for 
isinglass, which is a gelatin used in food products and glues (Huff 1975; Carr 1983). Gulf 
sturgeon numbers declined due to overfishing throughout most of the 20th century. The decline 
was exacerbated by habitat loss associated with the construction of dams and sills (low dams), 
mostly after 1950. In several rivers throughout the species' range, dams and sills have severely 
restricted sturgeon access to historic migration routes and spawning areas (Wooley and Crateau 
1985; McDowall 1988). 

On September 30, 1991, the Service and the National Marine Fisheries Service (NMFS) listed 
the Gulf sturgeon as a threatened species under the Act (56 FR 49653). Threats and potential 
threats identified in the listing rule included: construction of dams; modifications to habitat 
associated with dredging, dredged material disposal, de-snagging (removal of trees and their 
roots) and other navigation maintenance activities; incidental take by commercial fishermen; 
poor water quality associated with contamination by pesticides, heavy metals, and industrial 
contaminants; aquaculture and incidental or accidental introductions; and the Gulf sturgeon's 
long maturation and limited ability to recolonize areas from which it is extirpated. 

The Service and NMFS conducted a 5-year status review in 2009 where we concluded that the 
following threats continue to affect the Gulf sturgeon and its habitat: impacts to habitats by 
dams, dredging, point and nonpoint discharges, climate change, bycatch, red tide, and collisions 
with boats (USFWS and NMFS 2009). Additional threats may include ship strikes and potential 
hybridization due to accidental release of non-native sturgeon. These threats persist to varying 
degrees in different portions of the species range. The juvenile stage of Gulf sturgeon life 
history is the least understood, and perhaps the most vulnerable as this cohort remains in the 
river for the first years of its life and is, therefore, exposed to most of the threats faced by the 
species and its habitat. Further, the species’ long-lived, late-maturing, intermittent spawning 
characteristics make recovery a slow process. 

Currently, seven rivers are known to support reproducing subpopulations of Gulf sturgeon. 
Table 4.1 lists these rivers and the most-recent estimates of subpopulation size. Abundance 
numbers indicate a roughly stable or slightly increasing population trend over the last decade in 
the eastern river systems (Florida), with a much stronger increasing trend in the Suwannee River 
and a possible decline in the Escambia/Conecuh River. Populations in the western portion of the 
range (Mississippi and Louisiana) have never been nearly as abundant, and their current status is 
unknown as comprehensive surveys have not occurred in the past ten years. 
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At this time, the Service characterizes the status of the species range wide as stable; however, the 
status of the subpopulations in the Pearl and Pascagoula rivers is uncertain. These rivers do not 
have current population estimates and have recently been threatened by hurricanes, the 
Deepwater Horizon oil spill, and a pot-liquor spill in the Pearl River. The Gulf sturgeon 
continues to meet the definition of a threatened species. While some riverine populations 
number in the thousands, abundance of most populations is in the hundreds. Loss of a single 
year class could be catastrophic to some riverine populations with low abundance. Further, 
while directed fisheries no longer occur, many threats continue and new ones are arising. Data 
are not yet available to determine if Gulf sturgeon recovery is limited by factors affecting 
recruitment (e.g., spawning habitat quantity or quality), adult survival (e.g., incidental catch in 
fisheries directed at other species), or the late-maturing, intermittent reproductive characteristics 
of the species. 

4.1.4. Conservation Needs of and Threats to Gulf Sturgeon 

At the time of the listing of the Gulf sturgeon, several threats were discussed as the reason for the 
decline of the species. These threats and potential threats include: modifications to habitat 
associated with dredging, dredged material disposal, de-snagging (removal of trees and their 
roots) and other navigation maintenance activities; incidental take by commercial fishermen; 
poor water quality associated with contamination by pesticides, heavy metals, and industrial 
contaminants; aquaculture and incidental or accidental introductions; and the Gulf sturgeon’s 
slow growth and late maturation (56 FR 49653). 

Dams restrict the gulf sturgeon’s ability to use upstream areas past the dams for spawning 
because they are unable to pass through these dam systems (56 FR 49653). The Ross Barnett 
dam on the Pearl River and the Jim Woodruff Lock and Dam on the Apalachicola are two such 
dams that block the upstream migration of the species. While smaller dams such as the Poole’s 
Bluff and Bogue Chitto Sills are passable at certain flow conditions, those small structures can 
still impede upstream migration. Not only do dams restrict upstream migration, they can cause 
altered flow, channel morphology changes, and water quality issues well downstream of their 
construction (USFWS 2009). Dredging activities have also led to habitat degradation for the 
Gulf sturgeon by modification of important channel features used for spawning and foraging. 
Dredging can also be detrimental to gulf sturgeon due to direct mortality from entrainment. 

Although direct take of Gulf sturgeon is prohibited within the states in the current species range, 
risk from incidental bycatch due to entanglement in fishing and trawling gear still occurs 
(USFWS 2009). Shrimpers have continued to document Gulf sturgeon bycatch in shrimp trawls 
even with the inclusion of sea turtle and fish excluder devises on the trawls. The State of Florida 
has made it unlawful to use entangling nets (i.e., gill and trammel nets) in state waters and has 
also restricted the use of other types of nets (i.e., cast nets, seines, etc.). The implementation of 
these net bans has likely been a benefit to recovery for Gulf sturgeon; however, sturgeon 
continue to be caught in these nets in states without these types of bans or restrictions. 

The threat of poor water quality, while not clearly understood, has been studied and some studies 
indicate the potential impacts to various life stages of Gulf sturgeon. A study in the Suwannee 
River by Sulak et al. (2004) indicated that for Gulf sturgeon to have successful egg fertilization a 
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narrow range of pH and calcium ion concentration may be required. It has also been shown that 
egg and larval development can be vulnerable to various forms of pollution, temperature, and 
dissolved oxygen (DO) levels. The Bogalusa paper mill spill on the Pearl River in 2011 
contributed to a large fish kill, resulting in the death of approximately 28 Gulf sturgeon most of 
which were juveniles (Slack et al. 2014). 

Hurricanes and collisions with boats are also ongoing threats to the species. Hurricanes such as 
Ivan in 2004, Katrina in 2005, and most recently Michael in 2018 have shown to cause mortality 
of Gulf sturgeon. While the impacts of the population in the Pearl River from Hurricane Katrina 
are generally unknown, reports from the first few days after the storm counted at least eight dead 
Gulf sturgeon (Mike Beiser, MSDEQ, personal communication). After Hurricane Michael, 
dozens of dead Gulf sturgeon were documented by Florida Fish and Wildlife Conservation 
Commission (FWC) biologists (Kaeser 2019). Gulf sturgeon have been seen jumping out of the 
water, possibly as a form of group communication to maintain group cohesion (Sulak et al. 
2002). Collisions with boats has been attributed to this jumping behavior resulting in mortality 
to the species, as well as posing a safety issue to boaters (USFWS 2009). 

The most recent 5-year review (2009) confirmed that these threats continue to be ongoing for the 
Gulf sturgeon. 

4.1.5. Tables and Figures for Status of Gulf Sturgeon 

Table 4.1. Estimated size of known reproducing subpopulations of Gulf sturgeon. 
In some cases, multiple estimates are presented based on differences in population estimation models used. 
All estimates apply to a proportion of the population exceeding a minimum size, which varies by 
researchers according to the sampling method used. CI = confidence interval. NR =not reported. 

River 
Year of 

data 
collection 

Abundance 
Estimate 

Lower 
Bound 
95% 
CI 

Upper
Bound 
95% 
CI 

Source 

Pearl 2001 430 323 605 Rogillio et al. 2001 
Pascagoula 2000 181 38 323 Ross et al. 2001 
Pascagoula 2000 206 120 403 Ross et al. 2001 
Pascagoula 2000 216 124 429 Ross et al. 2001 
Escambia/Conecuh 2006 451 338 656 USFWS 2007 
Yellow 2011 1,036 724 1,348 USFWS 2012 unpub. 

data 
Choctawhatchee 2008 3,314 NR NR USFWS 2009 
Apalachicola 2005 2,000 NR NR Pine and Martell 2009a 
Apalachicola 2010 1,292 616 1,968 USFWS 2010 unpub. data 

Suwannee 2004 10,000 NR NR Pine and Martell 2009a 
Suwannee 2006 9,728 6,487 14,664 Randall 2008 
Suwannee 2007 14,000 NR NR Sulak 2008 
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4.2. Environmental Baseline for Gulf Sturgeon 

This section is an analysis of the effects of past and ongoing human and natural factors leading to 
the current status of the Gulf sturgeon, its habitat, and ecosystem within the Action Area. The 
environmental baseline refers to the condition of the listed species or its designated critical 
habitat in the Action Area, without the consequences to the listed species or designated critical 
habitat caused by the proposed action. The environmental baseline includes the past and present 
impacts of all Federal, State, or private actions and other human activities in the Action Area, the 
anticipated impacts of all proposed Federal projects in the Action Area that have already 
undergone formal or early section 7 consultation, and the impact of State or private actions 
which are contemporaneous with the consultation in process. The consequences to listed species 
or designated critical habitat from ongoing agency activities or existing agency facilities that are 
not within the agency’s discretion to modify are part of the environmental baseline (50 CFR 
§402.02). 

4.2.1. Action Area Numbers, Reproduction, and Distribution of Gulf Sturgeon 

Recent studies for the Gulf sturgeon have not been conducted in this reach of the Pearl River and 
survey data from this area is not prevalent; however, there are unconfirmed sightings of Gulf 
sturgeon as far upstream as the City of Jackson, Mississippi, in Hinds County which is within the 
Action Area (Morrow et. al. 1996; Lorio 2000; Slack, pers. comm. 2002). Just north of the 
Action Area at RM 301.77 is the Ross Barnett Reservoir, which presents a total barrier to 
migration to Gulf sturgeon (56 FR 49653). Prior to the construction of the Ross Barnett, there 
are records of Gulf sturgeon found in the vicinity of the dam and reservoir site as well as further 
upstream along the Pearl River; however, since its completion no sturgeon have been captured 
upstream of the dam (Morrow et al 1998; Sulak et al 2016). In 1915, the City of Jackson built a 
low weir at approximately RM 290.7 to provide the water supply for the city, which continues to 
provide a large portion of the city’s water supply. This weir potentially restricts the Gulf 
sturgeon’s access to the Action Area in low flow periods. 

To address flooding in the Jackson area, the 1960 Flood Control Act authorized construction of 
the Jackson (i.e., Fairgrounds) and East Jackson levees which was completed in 1968. An 
extension of the Jackson levee was completed in 1984. This flood control project consists of 
those two earthen levees on either side of the river totaling 13.2 miles. There is also channel 
work associated with the levees which includes 9.3 miles of enlargement and realignment of the 
main river channel through the town of Jackson (approximately 5 miles of cutoffs). Maintenance 
includes any necessary periodic removal of vegetation along a 650-foot-wide cleared strip of 
floodplain along the river and complete clearing downstream of that; a total of 346 acres of the 
floodplain are maintained in some form of cleared or partially cleared floodplain. About 80 
percent of the Action Area has been affected by these past flood control activities. Due to these 
activities, the river in this area has relatively shallow base flows except for a short time after rain 
events where the river will have a fairly fast, deep flow. 

Most of the Gulf sturgeon surveys in the Pearl River Basin have been focused in the Lower Pearl 
River and the Bogue Chitto River. The Poole’s Bluff and Bogue Chitto Sills in the lower part of 
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the river system have limited the Gulf sturgeon’s migration access to the reaches of the river 
north of these sills during low water periods; however, surveys have shown that Gulf sturgeon 
can and do swim past the both sills during high water periods (USFWS BRFWCO 2018). A 
study conducted by the Baton Rouge Fish and Wildlife Conservation Office (BRFWCO) from 
2013 to 2016 assessed the Gulf sturgeon’s ability to move upstream of the two sills. It was 
found that of the sturgeon that made the attempt to pass over the sills, 72 percent successfully 
passed the Poole’s Bluff sill and 21 percent successfully made it over the Bogue Chitto Sill. It is 
uncertain if these sturgeons are navigating over or around the structures (Kohl 2003). 

Scientific surveys conducted over the past three decades have collected early juveniles which 
demonstrates that the Pearl River still supports a spawning population, although the exact 
spawning locations are yet to be discovered (Sulak et al. 2016). Results from sturgeon captures 
in the Pearl River between 1992 and 2001 suggest a stable subpopulation of 430 fish, with 
approximately 300 hundred adults (Rogillio et al. 2001). With the presence of juvenile sturgeon 
captured during survey efforts, it leads to the indication that successful spawning takes place at 
some location in the Pearl River (USFWS 2003). Survey activities have primarily been focused 
on the lower Pearl River and the Bogue Chitto River; therefore, the data for gulf sturgeon in this 
reach of the river, approximately 19.37 miles, in the Action Area are minimal and typically 
consist of sporadic captures by commercial fishermen (Table 4.2). Although these records are 
not from scientific surveys, the commercial data indicate that sturgeon are migrating north of the 
Poole’s Bluff Sill, into the upper reaches of the Pearl River, approximately every 3.4 years, due 
to water levels at the sill occurring at passible levels for the sturgeon. As scientific surveys have 
not been conducted in this reach of the river, the sporadic captures from Table 4.2 do not give a 
good indication of sturgeon density in this reach of the river; the density is at this time not fully 
known. As shown in Table 4.2, there have been 24 Gulf sturgeon captured by commercial 
fishermen, eight of which being captured within the Action Area and the most recent of those 
captures occurring, a juvenile, in 2008. Adult sturgeon have also been captured by commercial 
fisherman downstream of the Action Area near the Strong River’s confluence with the Pearl 
River during spawning season leading to the possibility that adults that make it past the Poole’s 
Bluff Sill come at least as far as the Strong River to spawn (BRFWC 2019 pers. comm.). The 
Service suspects that the only true suitable spawning habitat is found north of both sills on the 
Pearl River and the Bogue Chitto River, but the habitat is only accessible during high flow 
periods (USFWS 2003). That same area of the river, north of the sill, is also thought to have the 
gravel substrate necessary for spawning in the Pearl River. 

4.2.2. Action Area Conservation Needs of and Threats to Gulf Sturgeon 

The Action Area consists of approximately 231 acres of riverine habitat that would be impacted 
by the project. This impacted area of the river consists of habitat that Gulf sturgeon could use to 
either spawn as adults or feed as juveniles if they migrate to that reach of the river; however, 
suitable spawning habitat is believed to be further south of the Action Area. The status of the 
Gulf sturgeon in the Action Area has been influenced by past channelization and a 200–foot-
wide weir structure that supplies the City of Jackson with water. The past channelization and 
levee construction isolate 5.34 miles of Pearl River meanders. These previous actions have 
reduced the amount of river habitat available for the species, including reductions in foraging 
and spawning areas. The degraded water quality from pollution and storm water runoff into the 
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Pearl River in the Action Area could also have impacted the Gulf sturgeon populations in this 
area. The section of river north of the water supply weir is accessible in high water events; 
however, in times of low water the species are not able to migrate past the structure. 
Downstream of the 200–foot-wide weir is a ring levee around the Savannah Street Wastewater 
Treatment Plant. The levee surrounding this plant has, during high water events, overtopped and 
stormwater has spilled into the river; however,but the plant’s containment system would be 
upgraded during the Action to prevent this from occurring in the future. In the area just north of 
the Action Area, the Ross Barnett Reservoir has resulted in an obstruction to Gulf sturgeon 
migration further up the Pearl River. Suitable spawning habitat for this species is thought to be 
south of the Action Area on the Pearl River near its confluence with the Strong River due to the 
substrate of the river bottom at that location. 

In May of 2019, the MDEQ issued a water quality advisory for the Pearl River in Jackson due to 
ongoing sanitary sewer overflows around the City of Jackson discharging wastewater into 
various waterbodies that flow into the river (MDEQ 2019). There are two former landfills 
(Gallatin Street and Jefferson Street) and the former Gulf States Creosote Plant that are located 
within the proposed project area. The 62-acre Gallatin Street landfill contains urban and 
industrial trash. Leachates from within the site contain cadmium, lead, and nickel above the 
regulatory standards. Debris from this landfill is reported to be washing into the river. The 45-
acre Jefferson Street (or Lafleurs Landing) landfill also has debris that can be eroded during high 
river stages. The EPA’s PSA/SI done in 2003 found barium, cobalt, managanese, and zinc, as 
well as creosote residuals consisting of a variety of polycyclic aromatic hydrocarbons (PAHs). 

According to the 2009 5-year review, the population of Gulf sturgeon in the Pearl River is stable 
(USFWS 2009). Most of the survey data comes from the lower reach of the river, but studies 
show that there is recruitment in the river. However, this information does not provide 
population or capture data for the Action Area. The evidence of presence for the species in the 
Action Area is based on commercial data from fishermen capturing the species in hoop nets as 
discussed in Section 4.2.1. Scientific surveys would be needed to accurately quantify population 
numbers in the Action Area. 

4.2.3. Tables and Figures for Environmental Baseline for Gulf Sturgeon 

Table 4.2. Historic Gulf sturgeon captures north of the Poole’s Bluff Sill. Note: Records in 
Italics are in the Action Area, while records from below the Action Area are not italicized. 

Year Location Age Class Capture 
Method 

Captured By Source 

1939 Upper Pearl 
River, above 
Pools Bluff Sill, 
Pearl River, 
north of 
Jackson MS 

Adult Unknown Unknown Morrow et al. 1996 

1940 Pearl River N. 
Jackson MS 

Unkown Unknown Unknown Lafayette Printed 
Database 
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1940 Upper Pearl 
River, above 
Pools Bluff Sill, 
Rockport, MS 

Unknown Unknown Unknown Morrow et al. 
1996 

1942 Pearl River N. 
Jackson MS 

Unknown Unknown Unknown Lafayette Printed 
Database 

1942 Upper Pearl 
River, above 
Pools Bluff Sill, 
Pearl River, 
north of 
Jackson MS 

Unknown Unknown Unknown Morrow et al. 1996 

1953 Strong River 
near Caney 
Creek 

Adult Unknown Fisherman www.fffmag.com; 
August 2001 

1971 Upper Pearl 
River, above 
Pools Bluff Sill, 
Below 
Spillway of 
Ross Barnett 
Res. 

Adult Unknown Unknown Morrow et al. 1996 

1976 Pearl River-
below Ross 

Barnett 
Reservoir 
spillway 

Adult Unknown Commercial 
fisherman 

Gulf Sturgeon 
Recovery Plan 
1995 

1979 Pearl River 
below spillway 
of Ross Barnet 
Res. 

Unknown Unknown Unknown Lafayette Printed 
Database 

1982 Pearl River 
Monticello MS 

Unknown Unknown Unknown Lafayette Printed 
Database 

1982 Upper Pearl 
River, above 
Pools Bluff Sill, 
Pearl River at 
Monticello MS 

Adult Unknown Unknown Morrow et al. 
1996 
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1982 Upper Pearl 
River, above 
Pools Bluff Sill, 
Pearl River at 
Monticello MS 

Juvenile Unknown Unknown Morrow et al. 
1996 

1982 Upper Pearl 
River, above 
Pools Bluff Sill, 
Pearl River at 
Monticello MS 

juvenile unknown unknown Morrow et al. 
1996 

1983 Pearl River 
Monticello MS 

Unknown Unknown Unknown Lafayette Printed 
Database 

1984 Upper Pearl 
River, above 
Pools Bluff Sill, 
Pearl River at 
Byram, MS 

Unknown Unknown Unknown Morrow et al. 
1996 

1984 Upper Pearl 
River, above 
Pools Bluff Sill, 
Pearl River at 
Byram, MS 

Unknown Unknown Unknown Lafayette Printed 
Database 

1985 Pearl River 
between 
Wanilla and 
Rockport 

Unknown Hoop net Unknown Slack pers. Comm. 

1993 Upper Pearl 
River, above 
Pools Bluff Sill, 
Strong River, 
MS 

Adult Unknown Unknown Morrow et al. 
1996 

1996 Pearl River 
south of 
Georgetown, 
MS 

Adult Hoop net Fisherman Knight 1996 

2000 Pearl River 
near 
Georgetown, 
MS 

Unknown Hoop net Unknown Slack pers. Comm. 
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2002 Red Bluff 
Creek, North 
of 
Morgantown, 
MS 

Unknown Hoop net Unknown Slack pers. Comm. 

2008 Below Ross 
Barnett 
Reseroir 

Juvenile Rod and reel Fisherman Slack pers. Comm. 

2018 Pearl River 
between 
Wanilla and 
Rockport 

2 Adults Hoop net Commercial 
fisherman 

Mann pers. Comm. 

4.3. Effects of the Action on Gulf Sturgeon 

This section analyzes the effects of the Action on the Gulf Sturgeon. Effects of the Action are all 
consequences to listed species or critical habitat that are caused by the proposed action, including 
the consequences of other activities that are caused by the proposed action. A consequence is 
caused by the proposed action if it would not occur but for the proposed action and it is 
reasonably certain to occur. Effects of the Action may occur later in time and may include 
consequences occurring outside the immediate area involved in the Action (50 CFR §402.02). 

Our analyses are organized according to the description of the Action and the defined Action 
Area in section 2 of this BO. 

4.3.1. Effects of Channel Excavation and Levee Relocation on Gulf Sturgeon 

Approximately 207.7 acres of open water would be impacted by the channel excavation and 
levee relocation. Channel excavation and levee relocation would occur on the outer banks with 
approximately 100 feet of buffer area between the bank excavation and the river to retain some 
bank stability. The excavation is projected to occur during the low water periods of the year; 
however, while the excavation and levee relocation construction activities are being conducted, 
the disturbance to the sediment would increase the turbidity in the river. During the construction 
period and until a vegetative cover is established on the levees, the levees and all disturbed areas 
would be subject to erosion. This eroded material would be carried into small tributary streams 
and into the Pearl River system. The turbidity would be additive to any downstream riverbank 
erosion resulting from sediments being trapped behind the weir after its construction. Increased 
sediment and turbidity can result in decreased light penetration and decreased photosynthesis. 
High levels of sediment can settle on fish spawning areas and smother fish eggs and larvae. 
Production of benthic organisms also can be reduced by high levels of sediment. Further, 
sediments can settle on respiratory surfaces of fish and aquatic organisms and interfere with 
respiration. 
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Sulak et al (2016) found it difficult to quantify indirect mortality impacts from natal river habitat 
alterations including channelization, dredging, impoundments, and bulk heading. This 
uncorrected and/or uncontrolled alteration of Gulf sturgeon habitat could limit the success of a 
promising year-class at various stages in the Gulf sturgeon life cycle. Kynard and Parker (2004) 
found that while juveniles are mostly bottom feeders, they also spent an unusual amount of time 
in a holding pattern in the water column suggesting that when benthic foraging in the river is 
scarce, juvenile fish have evolved to drift feed. If this assumption is correct, should the water 
quality affect the benthic macroinvertebrates in the Action Area, the foraging juveniles could 
move up in the water column to drift feed. Areas that have high concentrations of suspended 
sediments show a decrease in macroinvertebrate diversity, especially the more sensitive species 
(Sawyer et al 2004). Studies from other regions indicate that sedimentation decreases available 
spawning habitat, increases egg and larvae mortality, and can decrease feeding success of species 
that rely on visual search strategies (Sawyer et al. 2004; Berman and Rabeni 1987; Henley et al. 
2000). The increased sedimentation and turbidity in the river from the channel excavation and 
levee relocation would have impacts on the macroinvertebrate prey for any juvenile Gulf 
sturgeon that would be temporarily feeding in the Action Area. 

4.3.2. Effects of Weir Construction and Impoundment on Gulf Sturgeon 

With the construction of the 1,500-foot-wide weir structure and resulting impoundment from the 
weir, changes to the velocity and water surface elevation would occur within the Action Area. 
The weir has been designed to match the current discharge of the river; therefore, there should 
not be significant change in discharge after the target area has filled to the top of the weir. Low-
head dams, such as weirs, impede migratory pathways of fish including the Gulf sturgeon. As a 
way for fish to move past the weir, a fish passage channel would be constructed east of the weir 
and low flow structure. 

During the construction of the weir, low flow structure, and fish passage channel, there would be 
similar impacts to Gulf sturgeon as those associated with the channel excavation and levee 
relocation. These impacts include increased sedimentation, increased turbidity, and bank 
destabilization. Excavation of the area for the weir site, low flow structure, and fish passage 
channel is necessary, but would potentially cause excess sediment to flow downstream 
approximately 1.6 miles south of the construction area and erosion could be exacerbated in that 
area until the riverbank has stabilized. See Section 4.3.1 for more information regarding the 
effects of sedimentation and turbidity. 

Dams or impoundments are thought to be one of the main obstacles to Gulf sturgeon recovery in 
the Pearl River (Sulak et al. 2016). Low-head barrier dams such as the proposed weir structure 
have consistent influences on stream-fish assemblages which have shown longitudinal declines 
in species richness from below to above barriers and result in altered population dynamics of a 
species (Porto et al. 1999; Pringle 1997). Impoundments confine spawning and YOY 
nursery/feeding habitat to the unimpounded reaches of the river below the dams. In the lower 
Pearl River, the Poole’s Bluff Sill blocks access to the river north of the structure during low 
river stages; however, when the water is high Gulf sturgeon are able to move past the structure 
(BRWFCO 2018). The migratory blockage caused by the weir structure could impact the 
sturgeon’s ability to swim north of the structure unless there are high water events; however, a 
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fish passage channel has been included as part of the project design to minimize the impacts on 
aquatic species migration. 

Impoundments/dams generally have adverse impacts to riverine fish communities by interrupting 
migratory movements. With the addition of the fish passage channel in the design of the project, 
impacts may be minimized to Gulf sturgeon migration providing that flow conditions would 
meet the needs of the species to be able to navigate the passage. These conditions include water 
velocity that does not exceed the sturgeon’s swim speed and enough water flow levels for the 
species to be able to swim through it. Studies have shown that Gulf sturgeon cannot swim 
against currents greater than 1 to 2 meters per second (mps) (3 to 6 fps); however, they can swim 
up to 2 to 2.5 body lengths per second (Boyd Kynard, pers.comm. 2003; Kohl 2003; Wakefield 
2001). Studies on fish passage attraction speed flow has shown that the recommended flow 
should be between 2 and 4 fps with sustained swim speed ranges for sturgeon to be in the range 
of 3 to 4 fps (Cheong et al. 2006; White and Mefford 2002). The swimming capabilities of 
juvenile sturgeon has been tested, and it was documented that juveniles less than 6 inches long 
can swim at velocities up to 1 mps (3 fps) (Kohl 2003). At this time, there is only a conceptual 
model of the fish passage channel, approximately 1.4 miles long of a curving channel, with the 
possible velocities ranging anywhere from 1 to 7 fps. The maximum velocity of 7 fps would 
push the limits of adult Gulf sturgeon’s ability to swim against the current and any juveniles 
attempting to migrate through the passage would be unable to swim through it. However, 
depending on where in the channel the velocities would occur at that speed the fish may be able 
to migrate successfully through it; therefore, the proposed passage feature should be monitored 
for water velocity and water level conditions. 

Water velocity is an important factor in the life-cycle of Gulf sturgeon. During spawning, flows 
that are too strong would prevent eggs from settling on and adhering to suitable substrate, while 
flows that are too low could cause clumping of the eggs and lead to increased mortality from 
fungal infection and asphyxiation (Wooley and Crateau 1985; USFWS 2003). A study 
performed by Flowers et al. (2009) on the Apalachicola River presented evidence that flow 
regime and water velocity influence Gulf sturgeon spawning by stimulating the adults to move to 
spawning grounds. These flow regimes and water velocities also structure and modify substrate 
to create suitable areas for egg attachment and provide adequate oxygenation for egg survival 
(Auer 1996; Fox et al. 2000). Optimal spawning site flows generally are high and have a 
continuous rate of current flow, approximately > 4.9 fps. There are no spawning sites 
documented in the Action Area, and although recruitment occurs in the Pearl River, the actual 
site(s) where spawning occurrs is unknown at this time. 

According to the 1995 Gulf Sturgeon Recovery Plan, Wooley and Crateau (1985) reported that 
sturgeon in the Apalachicola River around the Jim Woodruff Lock and Dam have been found in 
depths of 19.7 to 39.4 ft and at velocities ranging from 2 to 3 fps during the summer months. 
The low flow structure is designed to meet the same required discharge as the Ross Barnett dam, 
which would allow for no change in the current discharge due to the project. Table 2.1 shows 
the average monthly discharges from 1966 to 2013, indicating that June through October 
typically have the lowest discharges and December through April typically have the highest 
discharges. While the velocities in the Action Area will be modified due to the project, 
discharges are anticipated to remain the same because the project design matches the flow of the 
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Ross Barnett dam. Because the current flows would remain the same according to project design 
and sturgeon have been captured by commercial fishermen in the Action Area previously at the 
similar flow regime, impacts to sturgeon in the area would be minimal. 

An examination of low-head dams determined that the major issue resulting from such structures 
is alterations in water temperature caused by anthropogenic influences impacting water quality 
within the created water body (Cummings 2004). In water, temperature influences other water 
quality factors such as DO and pH in the water column. In freshwater, when the temperature 
increases the pH decreases (Kishinhi et al. 2006). Kishinhi et al. (2006) studied the water quality 
in the Pearl River around Jackson, Mississippi, and in the Ross Barnett Reservoir and found that 
the mean pH values at all of the sampling sites were within the State’s recommended range of 
6.0 to 9.0. The optimal pH for sturgeon eggs generally lies in the range of nearly neutral 
(pH=7.0) to slightly alkaline (pH<8.0) (Sulak et al. 2016). Although water quality parameters 
were modeled for pre- and post-project, it did not include a model specifically for pH. However, 
temperature was modeled, and although there were slight differences, none were significantly 
different from current ranges (Table 2.7). Therefore, we can infer that the pH would not have 
significant changes post project. 

Dissolved oxygen levels are also important water quality aspects for feeding and the survival of 
juvenile sturgeon. Secor and Gunderson (1997) studied the effects of temperature and DO on 
juvenile Atlantic sturgeon (Acipenser oxyrinchus). According to this sturdy, reduced oxygen 
levels resulted in a threefold reduction in growth rate and a reduction in routine respiration rates. 
Juveniles were more vulnerable to low DO levels and high temperatures; however, in spite of 
reduced respiration and survival, they continued to feed and grow through reduced activity to 
allocate more energy to growth. Although specific DO tolerance levels have not been 
established for the Gulf sturgeon, hypoxia for other Acipenser species have been documented to 
start at 4 milligrams per liter (mg/L) (Cech et al. 1984; Jenkins et al. 1993; Kahn and Mohead 
2010; Secor and Gunderson 1998). The DO levels for the Pearl River and Ross Barnett 
Reservoir were monitored by Kishinhi et al. (2006); the lowest levels of DO occurred in August 
at 5 mg/L and the highest levels occurred in December at 20 mg/L. The mean concentrations of 
DO for that study were normally above the minimum of 5 mg/L recommended by the MDEQ for 
the protection of aquatic life. As with the pre- and post-project water quality modeling for 
temperature, DO was modeled with slight but not significant differences from pre–project 
conditions. High temperatures and lower DO levels would be likely to occur during the summer 
months when juvenile Gulf sturgeon would use the area for feeding, but DO levels for this area 
are projected to be minimally changed post-project and the levels should not drop below the 
tolerance for juveniles (Table 2.7). Should the DO levels drop below 4 mg/L, the juveniles 
would be stressed from the lower levels, however, it is possible they would continue to feed but 
reduce activity to have the ability to continue to grow. 

4.3.3.Effects of Non-Federal Activities caused by the Federal Action on Gulf 
Sturgeon 

With the improved channel, recreational water sports (e.g., fishing and boating) will be expected 
to increase as a result of the improved access to the Action Area. This increase in fishing could 
lead to more incidental captures of Gulf sturgeon in hoop nets or with rods and reels if sturgeon 
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migrate past the weir through the fish passage channel. Because the Service does not know the 
degree to which recreational uses will increase, we are unable to estimate the number of sturgeon 
that could be impacted due to the increase in fishing. 

An increase in development adjacent to the improved channel could also lead to a decrease in 
water quality which would, in turn, impact prey sources and juvenile growth. Although changes 
in water quality could be measured, estimating the amount or extent of those changes to prey 
resources and juvenile growth are difficult to predict or anticipate. The relocation or retrofitting 
of existing infrastructure within the Action Area (i.e., roads, bridges, pipelines, transmission 
lines) would also lead to a decrease in water quality during construction of such actions, although 
such impacts would be temporary. These impacts to water quality would include increased 
sedimentation and turbidity from any excavation in or around the river. This increased 
sedimentation and turbidity would have the same impacts to sturgeon as discussed in Section 
4.3.1. 

4.3.4 Summary of Effects of the Action on Gulf Sturgeon 

The Poole’s Bluff Sill hinders sturgeon migration upriver and sturgeon can only pass that sill 
during high water events. Based on best available data and the probability of high water events 
coinciding with northward riverine migration, we estimate that only 0.9 percent of the Pearl 
River population can access river habitat north of the sill on any given year. Individually, the 
separate activities of the Action will likely not harm sturgeon in the Action Area; however, 
collectively the compounding effects of all the activities are likely to rise to the level of harm. 
Thus, we estimate that the collective activities of the entire Action would disturb a maximum of 
4 sturgeon per year to the level of harm. Given that construction would last up to 5 years, the 
maximum number of sturgeon affected by the Action would be 20 fish (4.6 percent of the Pearl 
River population). 

4.4. Cumulative Effects on Gulf Sturgeon 

For purposes of consultation under ESA §7, cumulative effects are those caused by future state, 
tribal, local, or private actions that are reasonably certain to occur in the Action Area. Future 
Federal actions that are unrelated to the proposed action are not considered, because they require 
separate consultation under §7 of the ESA. At this time the Service is unaware of any future 
state, tribal, local, or private non-Federal unrelated to the proposed action that are reasonably 
certain to occur in the Action Area. Therefore, cumulative effects are not relevant to formulating 
our opinion for the Action. 

4.5. Conclusion for Gulf Sturgeon 

In this section, we summarize and interpret the findings of the previous sections for the Gulf 
sturgeon (status, baseline, effects, and cumulative effects) relative to the purpose of a BO under 
§7(a)(2) of the ESA, which is to determine whether a Federal action is likely to: 

a) jeopardize the continued existence of species listed as endangered or threatened; or 
b) result in the destruction or adverse modification of designated critical habitat. 
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“Jeopardize the continued existence” means to engage in an action that reasonably would be 
expected, directly or indirectly, to reduce appreciably the likelihood of both the survival and 
recovery of a listed species in the wild by reducing the reproduction, numbers, or distribution of 
that species (50 CFR §402.02). 

The Action would alter 9.5 river miles of Gulf sturgeon habitat in the Pearl River. Increased 
sedimentation and turbidity from the construction of the weir and fish passage channel, as well as 
erosion during the excavation phase of the approximately 5-year project would decrease the 
macroinvertebrates in the area. This decrease in food sources could lead any juveniles in the 
area to possibly leave in search of sustenance. The increased turbidity and sedimentation caused 
by all of the construction actions including the retrofitting or relocation of existing infrastructure 
would be temporary; therefore, as Gulf sturgeon are highly mobile and can avoid these areas, any 
effects on their overall health would be minimal. After construction has been completed, it is 
probable that sturgeon could return to the area as long as it is a year when water flow is high 
enough to migrate past the Poole’s Bluff Sill that occurs downstream. 

The anticipated changes in DO from the impoundment would impact any juveniles foraging in 
the area as well as their prey base. The reduction in water quality from lower DO levels would 
impact any foraging sturgeon in the area, but they are known to reduce activity to conserve 
energy to feed and grow in periods of low DO. 

The weir structure will possibly cause migration issues for the sturgeon; however, a fish passage 
feature has been designed for just downstream of the weir. The construction of the fish passage 
channel would increase the possibility of sturgeon having the ability to return to the area should 
they migrate into that reach of the river. 

The various stressors and forms of disturbance from the Action, considered separately, are not 
likely to cause harm of sturgeon found in the Action Area. However, considered collectively, the 
combined level of stressors and disturbances could result in harm to a maximum of 20 sturgeon 
(4.6 percent of the Pearl River population) utilizing the Action Area. The status of the 
subpopulation of Gulf sturgeon in the Pearl River has been shown to be stable. Our analysis 
indicates that while the Action would have a negative effect on those 20 sturgeon, such effects to 
4.6 percent of that subpopulation would not be appreciable for the survival and recovery of the 
Gulf sturgeon. 

After reviewing the current status of the species, the environmental baseline for the Action Area, 
the effects of the Action and the cumulative effects, it is the Service’s biological opinion that the 
Action is not likely to jeopardize the continued existence of the GULF STURGEON. 

5. CRITICAL HABITAT FOR GULF STURGEON 

5.1. Status of Gulf Sturgeon Critical Habitat 

This section summarizes best available data about the current condition of all designated units of 
critical habitat for Gulf sturgeon that are relevant to formulating an opinion about the Action. 
The Service published its decision to designate critical habitat for Gulf sturgeon on March 19, 
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2003 (68 FR 13370 13495). The most recent 5-year status review of the species was completed 
September 22, 2009. 

5.1.1. Description of Gulf Sturgeon Critical Habitat 

The Service and NOAA Fisheries jointly designated Gulf sturgeon critical habitat on April 18, 
2003 (68 FR 13370, March 19, 2003). Gulf sturgeon critical habitat includes areas within the 
major river systems that support the seven currently reproducing subpopulations and associated 
estuarine and marine habitats. Gulf sturgeon use rivers for spawning, larval and juvenile 
feeding, adult resting and staging, and moving between the areas that support these life history 
components. Gulf sturgeon use the lower riverine, estuarine, and marine environment during 
winter months primarily for feeding and, more rarely, for inter-river movements. 

Fourteen areas (units) are designated as Gulf sturgeon critical habitat (Figure 5.1). Critical 
habitat units encompass approximately 2,783 km (1,729 mi) of riverine habitats and 6,042 square 
km (km2) (2,333 square miles) of estuarine and marine habitats, and include portions of the 
following Gulf of Mexico rivers, tributaries, estuarine and marine areas: 

Unit 1 Pearl and Bogue Chitto Rivers in Louisiana and Mississippi; 
Unit 2 Pascagoula, Leaf, Bowie, Big Black Creek and Chickasawhay Rivers in Mississippi; 
Unit 3 Escambia, Conecuh, and Sepulga Rivers in Alabama and Florida; 
Unit 4 Yellow, Blackwater, and Shoal Rivers in Alabama and Florida; 
Unit 5 Choctawhatchee and Pea Rivers in Florida and Alabama; 
Unit 6 Apalachicola and Brothers Rivers in Florida; 
Unit 7 Suwannee and Withlacoochee River in Florida; 
Unit 8 Lake Pontchartrain (east of causeway), Lake Catherine, Little Lake, the Rigolets, 

Lake Borgne, Pascagoula Bay and Mississippi Sound systems in Louisiana and 
Mississippi, and sections of the state waters within the Gulf of Mexico; 

Unit 9 Pensacola Bay system in Florida; 
Unit 10 Santa Rosa Sound in Florida; 
Unit 11 Nearshore Gulf of Mexico in Florida; 
Unit 12 Choctawhatchee Bay system in Florida; 
Unit 13 Apalachicola Bay system in Florida; and 
Unit 14 Suwannee Sound in Florida. 

Critical habitat designation for the Gulf sturgeon used the term "primary constituent elements" 
(PCEs) to identify the key components of critical habitat that are essential to its conservation and 
may require special management considerations or protection. Revisions to the critical habitat 
regulations in 2016 (81 FR 7214, 50 CFR §4.24) discontinue use of the term PCEs, and rely 
exclusively the term “physical and biological features” (PBFs) to refer to these key components, 
because the latter term is the one used in the statute. This shift in terminology does not change 
how the Service conducts a “destruction or adverse modification” analysis. In this BO, we use 
the term PBFs to label the key components of critical habitat that provide for the conservation of 
the Gulf sturgeon that were identified in its critical habitat designation rule as PCEs. The PBFs 
of Gulf sturgeon critical habitat are (68 FR 13370 13495): 
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• Abundant food items, such as detritus, aquatic insects, worms, and/or mollusks, within 
riverine habitats for larval and juvenile life stages; and abundant prey items, such as 
amphipods, lancelets, polychaetes, gastropods, ghost shrimp, isopods, mollusks and/or 
crustaceans, within estuarine and marine habitats and substrates for subadult and adult 
life stages; 

• Riverine spawning sites with substrates suitable for egg deposition and development, 
such as limestone outcrops and cut limestone banks, bedrock, large gravel or cobble beds, 
marl, soapstone, or hard clay; 

• Riverine aggregation areas, also referred to as resting, holding, and staging areas, used by 
adult, subadult, and/or juveniles, generally, but not always, located in holes below normal 
riverbed depths, believed necessary for minimizing energy expenditures during 
freshwater residency and possibly for osmoregulatory functions; 

• A flow regime (i.e., the magnitude, frequency, duration, seasonality, and rate-of-change 
of freshwater discharge over time) necessary for normal behavior, growth, and survival of 
all life stages in the riverine environment, including migration, breeding site selection, 
courtship, egg fertilization, resting, and staging, and for maintaining spawning sites in 
suitable condition for egg attachment, egg sheltering, resting, and larval staging; 

• Water quality, including temperature, salinity, pH, hardness, turbidity, oxygen content, 
and other chemical characteristics, necessary for normal behavior, growth, and viability 
of all life stages; 

• Sediment quality, including texture and other chemical characteristics, necessary for 
normal behavior, growth, and viability of all life stages; and 

• Safe and unobstructed migratory pathways necessary for passage within and between 
riverine, estuarine, and marine habitats (e.g., an unobstructed river or a dammed river that 
still allows for passage). 

The following types of Federal actions, among others, may destroy or adversely modify critical 
habitat: 

• Actions that would appreciably reduce the abundance of riverine prey for larval and 
juvenile sturgeon, or of estuarine and marine prey for juvenile and adult Gulf sturgeon, 
within a designated critical habitat unit, such as dredging; dredged material disposal; 
channelization; in-stream mining; and land uses that cause excessive turbidity or 
sedimentation; 

• Actions that would appreciably reduce the suitability of Gulf sturgeon spawning sites for 
egg deposition and development within a designated critical habitat unit, such as 
impoundment; hard-bottom removal for navigation channel deepening; dredged material 
disposal; in-stream mining; and land uses that cause excessive sedimentation; 

• Actions that would appreciably reduce the suitability of Gulf sturgeon riverine 
aggregation areas, also referred to as resting, holding, and staging areas, used by adult, 
subadult, and/or juveniles, believed necessary for minimizing energy expenditures and 
possibly for osmoregulatory functions, such as dredged material disposal upstream or 
directly within such areas; and other land uses that cause excessive sedimentation; 

• Actions that would alter the flow regime (the magnitude, frequency, duration, 
seasonality, and rate-of -change of fresh water discharge over time) of a riverine critical 
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habitat unit such that it is appreciably impaired for the purposes of Gulf sturgeon 
migration, resting, staging, breeding site selection, courtship, egg fertilization, egg 
deposition, and egg development, such as impoundment; water diversion; and dam 
operations; 

• Actions that would alter water quality within a designated critical habitat unit: including 
temperature, salinity, pH, hardness, turbidity, oxygen content, and other chemical 
characteristics, such that it is appreciably impaired for normal Gulf sturgeon behavior, 
reproduction, growth, or viability, such as dredging; dredged material disposal; 
channelization; impoundment; in-stream mining; water diversion; dam operations; land 
uses that cause excessive turbidity; and release of chemicals, biological pollutants, or 
heated effluents into surface water or connected groundwater via point sources or 
dispersed non-point sources; 

• Actions that would alter sediment quality within a designated critical habitat unit such 
that it is appreciably impaired for normal Gulf sturgeon behavior, reproduction, growth, 
or viability, such as dredged material disposal; channelization; impoundment; instream 
mining; land uses that cause excessive sedimentation; and release of chemical or 
biological pollutants that accumulate in sediments; 

• Actions that would obstruct migratory pathways within and between adjacent riverine, 
estuarine, and marine critical habitat units, such as dams, dredging, point-source-pollutant 
discharges, and other physical or chemical alterations of channels and passes that restrict 
Gulf sturgeon movement (68 FR 13399). 

5.1.2. Conservation Value of Gulf Sturgeon Critical Habitat 

The 14 riverine and estuarine/marine habitats were included in the designation because it is 
believed that with proper management and protection, they collectively represent the habitat that 
is necessary for the conservation of the species (68 FR 13370, March 19, 2003). These selected 
units were chosen to be designated because they are areas that contain one or more of the PBFs 
essential to the species. The analysis of this Biological Opinion focuses on the riverine units of 
critical habitat, therefore, the 7 estuarine/marine units will not be discussed further. 

Unit 1 

The Pearl River distributaries are used for migration to spawning grounds, summer resting holes, 
and juvenile feeding (68 FR 13370, March 19, 2003). The presence of juvenile sturgeon in the 
river system indicates successful spawning at some location in the river system. The only 
suitable spawning habitat believed to occur in the Pearl River system occurs north of the sills on 
the Pearl River and Bogue Chitto River with access to these areas limited only to periods of high 
flows (Morrow et al. 1996; Morrow et al. 1998). The typical bedrock and limestone 
outcroppings preferred for spawning in other river systems do not occur in the Pearl River 
system; however, sturgeon spawning areas in the Pearl drainage likely include soapstone, hard 
clay, gravel and rubble areas, and undercut banks adjacent to these substrates (W. Slack pers. 
comm. 2001). Even though upstream movement is blocked by Poole’s Bluff Sill during periods 
of low water, potential spawning sites have been identified upstream of the sill at various 
locations between Monticello, Lawrence County, Mississippi, and the Ross Barnett Dam 
spillway, Hinds and Rankin Counties, Mississippi (F. Parauka, pers. comm. 2002) and sturgeon 
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have been reported as far upstream as Jackson, Hinds County, Mississippi (Morrow et al., 1996;, 
Lorio 2000; W. Slack pers. comm. 2002). Suitable spawning habitat occurs within the Bogue 
Chitto River upstream of the Bogue Chitto Sill (W. Slack pers. comm. 2001; W. Granger, FWS, 
pers. comm. 2002; F. Parauka pers. comm. 2002) and juvenile, adult, and subadult sturgeon have 
been documented on the Bogue Chitto as far upriver as 1 mile north of Quinn Bridge 
(Mississippi State Highway 44), McComb, Pike County, Mississippi (W. Slack pers. comm. 
2001; D. Oge, Louisiana Department of Environmental Quality, pers. comm. 2002; F. Parauka, 
pers. comm. 2002); therefore, the main stem of the Bogue Chitto River upstream of the Quinn 
Bridge to Mississippi State Highway 570 has been included in this unit. 

Unit 2 

The subpopulation of the Pascagoula River, based on captures in summer holding areas, ranges 
between 162 and 216 sturgeon; however, these estimates are primarily based on large fish and do 
not account for juvenile or subadult fish (Heise et al. 1999; Ross et al. 2001; S. Ross USM pers. 
comm. 2001). The only confirmed spawning area in the Pascagoula River drainage occurs on 
the Bouie River and was confirmed via egg collection in 1999 (Slack et al. 1999; Heise et al. 
2004; Sulak et al. 2016). Gulf sturgeon have been documented using the downstream area of the 
Bouie River as a summer holding area (Ross et al. 2001). The documented sightings of sturgeon 
and identified suitable spawning habitat upstream to Mississippi Highway 588 (Reynolds 1993; 
W. Slack pers. comm. 2002; F. Parauka pers. comm. 2002), confirmed use as a migratory 
corridor, and confirmed use by juvenile sturgeon are the reasons for the inclusion of the Leaf 
River in this unit. The Chickasawhay River has had documented sightings of sturgeon, presence 
of suitable spawning habitat, and migratory movement of sturgeon (Miranda and Jackson 1987; 
Reynolds 1993; Ross et al. 2001). The West and East distributaries of the Pascagoula River are 
used by Gulf sturgeon during spring and fall migrations. Big Black Creek and the Pascagoula 
River have had documented summer resting areas. 

Unit 3 

Larval sightings and suitable spawning habitat have been reported on the Conecuh River and 
spawning confirmed between River Mile 100 and 105.6 (Parauka and Giorgianni 2002; N. Craft, 
Florida Department of Environmental Protection pers. comm. 2001). At five sites along the 
Escambia River, between rkms 161-170 (RM 100-105), eggs have been collected (Craft et al. 
2001; Sulak et al. 2016). The Sepulga River has been described as having smooth rock walls, 
and long pools with stretches of rocky shoals and sandbars which makes for suitable spawning 
habitat for the Gulf sturgeon (Estes et al. 1991). Scour holes in the lower Escambia River have 
been found as holding areas for Gulf sturgeon (Stewart et al. 2012; Sulak et al. 2016). It is 
believed that Gulf sturgeon likely use the Escambia River main stem and all the distributaries for 
exiting and entering the Escambia/Conecuh River as the use of distributaries in other systems for 
this purposes has been documented. 

Unit 4 

Multiple areas of limestone outcrops have been documented as possible spawning sites on the 
Yellow River because YOY sturgeon are observed near these types of riverine features, which 
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also confirms that reproduction is occurring in this subpopulation (Parauka and Giogianni 2002; 
Craft et al. 2001). Potential summer resting areas along the main stem of the Yellow River have 
also been identified. Shoal River summer resting habitats have been confirmed (Lorio 2002), as 
well as summer resting and staging sites on the Blackwater River main stem and between the 
Wright and Cooper Basins (Reynolds 1993; Craft et al. 2001). 

Unit 5 

Suitable spawning habitat has been identified from the Elba Dam to the Pea River with one 
confirmed spawning location; however, the Elba Dam blocks sturgeon migration further 
upstream at all flow conditions (Parauka and Girgianni 2002; Hightower et al. in press). The 
lower reaches of this river system have often been used for summer resting (Fox et al. 2000). 
The main stem of the Choctawhatchee River has had several spawning sites and resting area 
identified with male Gulf sturgeon in spawning condition found near these areas (Parauka and 
Giorgianni 2000; H. Blalock-Herod, FWS pers comm 2002; Hightower et al. in press). With the 
capture of sturgeon in the Indian River, Cypress River, and Bells Leg during March and April, it 
is likely that sturgeon are using these tributaries as migratory corridors to and from the 
Choctawhatchee River main stem. 

Unit 6 

With the construction of the Jim Woodruff Lock and Dam in the 1950s, the Gulf sturgeon was 
restricted to the portion of the Apalachicola River downstream of the dam. Resting aggregations 
and successful spawning has been confirmed at the base and just downstream of the dam (Sulak 
et al. 2016; Pine et al. 2006; Scollan and Parauka 2008; Parauka and Giogianni 2002; Wooley et 
al. 1982). The Brothers River has been documented to have sturgeon use the area as a resting 
and possible osmoregulation area before migrating into estuarine and marine habitats for winter 
feeding (Wooley and Crateau 1985). 

Unit 7 

Spawning sites within the river have been confirmed with the collection of eggs on artificial 
substrate (Marchant and Shutter 1996; Sulak and Clugston 1999) with YOY sturgeon having 
been documented in the river system (Carr et al. 1996; Sulak and Clugston 1999; K. Sulak, pers. 
comm. 2002; Clugston, pers. comm. 2002). Multiple resting areas throughout the Suwannee 
River have been discovered as well (Foster and Clugston 1997). Gulf sturgeon adults use the 
East Pass and West Pass for emigration and immigration (Mason and Clugston 1993; Edwards et 
al., in prep.). Telemetry data for the Suwannee River found that male Gulf sturgeon enter the 
river in late January to mid-February and rapidly swim to the staging areas just below the upriver 
spawning grounds (USGS-WARC, unpublished telemetry database; Sulak et al. 2016). For all of 
these reasons these areas were included in this unit. 
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5.1.3. Tables and Figures for Status of Gulf Sturgeon Critical Habitat 

Figure 5.1. Designated critical habitat and historical range of Gulf sturgeon. 

5.2. Environmental Baseline for Gulf Sturgeon Critical Habitat 

This section is an analysis of the effects of past and ongoing human and natural factors leading to 
the current status of designated critical habitat for Gulf sturgeon within the Action Area. The 
environmental baseline refers to the condition of the listed species or its designated critical 
habitat in the Action Area, without the consequences to the listed species or designated critical 
habitat caused by the proposed action. The environmental baseline includes the past and present 
impacts of all Federal, State, or private actions and other human activities in the Action Area, the 
anticipated impacts of all proposed Federal projects in the Action Area that have already 
undergone formal or early section 7 consultation, and the impact of State or private actions 
which are contemporaneous with the consultation in process. The consequences to listed species 
or designated critical habitat from ongoing agency activities or existing agency facilities that are 
not within the agency’s discretion to modify are part of the environmental baseline (50 CFR 
§402.02). 

5.2.1. Action Area Conservation Value of Gulf Sturgeon Critical Habitat 

Two of the seven PBFs identified for Gulf sturgeon critical habitat (see section 5.1.1) do not 
occur in the Action Area: riverine spawning sites and riverine aggregation (resting) areas. 
Spawning sites and aggregation areas are thought to be downstream of the Action Area (see 
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section 4.2.1). The PBFs found in the Action Area are food, flow regime, water quality, 
sediment quality, and migratory pathways. 

The Action Area occurs on the Pearl River around Jackson, MS. The Pearl River is included in 
Critical Habitat Unit 1, the Pearl and Bogue Chitto Rivers in Louisiana and Mississippi, which is 
currently known to support a reproducing subpopulation of Gulf sturgeon. Unit 1 consists of a 
total of 494 miles. The Action Area occurs at the top extent of this Critical Habitat Unit. This 
section of the river has been previously altered throughout the 20th century by channelization and 
dredging of the river, levee systems, and a weir for the water supply of the City of Jackson. As 
discussed in Section 4, the Ross Barnett Reservoir prevents Gulf sturgeon migration north of the 
reservoir. The City of Jackson water supply weir can impede sturgeon migration up to the Ross 
Barnett dam except in high flow events. On the Lower Pearl River, the Poole’s Bluff Sill, a low-
head dam, also serves as an impediment to sturgeon migration to the upper reaches of the river 
except in high water events. 

While adult sturgeon do not usually feed in freshwater, juveniles forage extensively in rivers on 
aquatic insects, worms, and mollusks (Mason and Clugston 1993; Huff 1975; Sulak and 
Clugston 1999). A specific study of the macroinvertebrates (i.e., detritus, aquatic insects, 
worms, and/or mollusks) has not been conducted; however, with the varying aquatic species 
within the Action Area that feed on those types of prey it can be assumed that the area does 
contain enough of these prey items to support the populations of species that inhabit the area. 

This area of the Pearl River has been altered in the past by dredging and channelization, losing 
5.34 miles of meanders. Suitable spawning substrate within the Pearl River likely includes 
soapstone, hard clay, gravel, and rubble areas and undercut banks adjacent to these substrates 
(W. Slack, pers. comm. 2001). Specific surveys have not been conducted on the substrate of the 
river within the Action Area; however, grab samples were taken as part of the Wetland 
Delineation conducted for the EIS/Feasibility Study that did not exhibit the suitable substrates 
necessary for sturgeon spawning in the Pearl River. Critical habitat was designated up to the 
Ross Barnett dam on the Pearl River due to the potential of spawning sites being identified 
between Monicello, Mississippi, and the Ross Barnett Reservoir (F. Parauka, pers. comm. 2002); 
however, migration past the Jackson water supply weir to any potential spawning ground 
upstream towards the reservoir is impeded unless there is a high water event. 

As discussed in section 4.2.1, the reach of the Pearl River in the Action Area can have fairly fast, 
deep flows during rain events but has shallow baseline flows and can exhibit shallow flows 
during certain parts of the year. Gulf sturgeon depend on flow regimes in the riverine 
environment for all life stages including migration, breeding site selection, courtship, egg 
fertilization, resting and staging, and for maintaining spawning sites in the suitable condition 
needed for egg attachment, sheltering, resting, and larval staging. Based on average flow rates 
from 1966 to 2013, this area of the river currently has high flows during the springtime with 
flows decreasing significantly during the summer (Table 2.1). 

Water quality in the Action Area was discussed in section 4.2.1; however, a brief summary is 
provided here as well. In 2019, a water advisory was issued for the Pearl River in Jackson due to 
continued discharges of sanitary sewer overflows into the river. In the Action Area, there is a 
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former creosote plant as well as two former landfills from which debris periodically washes into 
the river. Leachates from these landfills were found to contain heavy metals above the 
regulatory standards. In 2003, the EPA also found barium, cobalt, zinc, and other contaminates 
in the river in the Action Area. 

5.3. Effects of the Action on Gulf Sturgeon Critical Habitat 

This section analyzes the direct and indirect effects of the Action on critical habitat for Gulf 
sturgeon. Effects of the Action are all consequences to listed species or critical habitat that are 
caused by the proposed action, including the consequences of other activities that are caused by 
the proposed action. A consequence is caused by the proposed action if it would not occur but 
for the proposed action and it is reasonably certain to occur. Effects of the Action may occur 
later in time and may include consequences occurring outside the immediate area involved in the 
Action (50 CFR §402.02). Our analyses are organized according to the description of the Action 
in section 2 of this BO. 

5.3.1. Effects of Channel Excavation and Levee Relocation on Gulf Sturgeon 
Critical Habitat 

The PBFs of flow regime, sediment quality, and migratory pathways would not be impacted by 
the construction of the channel excavation and levee relocation; therefore, this section will 
discuss the effects of the excavation and relocation on the PBFs of food and water quality. 

As previously discussed in section 4.3.1, the channel excavation and levee relocation would 
occur during low water periods on the outer banks and an approximately 100-foot buffer along 
the riverbank would be maintained during excavation to retain some bank stability. Although the 
excavation and relocation would occur during low water periods, the Action Area would still be 
subject to increased sedimentation and turbidity should a heavy rainfall occur during 
construction and before vegetation cover could be reestablished. Increased turbidity when 
rainfall is the highest is a normal part of variations in turbidity following seasonal patterns of 
rainfall (Kishinh et al. 2006); however, the increase in turbidity would be additive to the normal 
turbidity surge due to the excess amount of loosened sediment during construction. Important 
contributors to the decline of aquatic assemblages are habitat degradation, sedimentation, and 
turbidity (Sawyer et al. 2004; Stewart and Swinford 1995; Henley et al. 2000). The increased 
turbidity and sedimentation would lead to impacts on water quality, which then leads to impacts 
on the prey base for juvenile sturgeon. See section 4.3.1 for more information on the effects of 
sedimentation and turbidity on the juvenile sturgeon food supply. These impacts on water 
quality would be temporary and would be reduced through erosion control measures. 

5.3.2. Effects of Weir Construction and Impoundment on Gulf Sturgeon Critical 
Habitat 

With the establishment of the 1,500-foot wide impoundment from the construction of the weir, 
changes to water velocity and water surface elevation in the Action Area would be anticipated. 
The weir has been designed to mimic the existing discharge of the river, and any changes in river 

52 



 

 

 

                  
  

 
  

     
     

   
  

  
                

 
   

 
 

    
 

  
   

    
   

    
   

              
  

    
    

  
    
            

  
 

 
    

   
               

  
  

 
           

  
 

 
    

             
    

discharge should be minimal once the pool area has been filled to the top of the weir. The 
impacts of flow are discussed in more detail in section 4.3.2. 

Dams such as the proposed weir present an obstacle to sturgeon migration and are thought to be 
the main hindrance to Gulf sturgeon recovery in the Pearl River (Sulak et al. 2016). As a way to 
offset the effects of the weir on sturgeon migration, the construction of a fish passage channel is 
part of the proposed action. Kohl (2003) evaluated the opportunity to design a proposed bypass 
at the Poole’s Bluff Sill to assist Gulf sturgeon migration north of the sill. That evaluation 
determined that a bypass channel could assist in sturgeon migration as long as the feature was 
designed to accommodate sturgeon swim speeds and other factors such as flow. Thus, if the fish 
passage channel were designed properly, it should provide for sturgeon migration past the weir 
structure. The impacts that the proposed weir and fish passage channel would have on sturgeon 
migration are discussed in detail in section 4.3.2. 

Gulf sturgeon critical habitat in the Action Area is likely to experience reduced water quality 
during the construction of the weir and fish passage channel as a result of increased 
sedimentation and turbidity. As discussed in sections 5.3.2 and 4.3.2, this temporary effect 
would influence the macroinvertebrate community upon which juvenile sturgeon feed. Pools 
created by impoundments generally consist of fewer taxa of macroinvertebrates than free-
flowing river reaches which tend to support a more diverse macroinvertebrate community 
(Santucci et al. 2005). However, Dean et al. (2002) found that while impounded areas lacked 
species diversity, the abundance of individuals was similar to that of free-flowing river reaches. 
Water quality was also modeled for the impoundment, and the results indicated that water quality 
would not significantly decline from the current condition. Accordingly, we could assume that 
the project would have minimal effects on the macroinvertebrate community because of the lack 
of changes to baseline water quality conditions. As discussed in section 5.2.1, suitable spawning 
substrate has not been indicated in this reach of the river; therefore, it is unlikely that spawning 
occurs in the area. However, sediment quality is important for more than just spawning. 
Sediment quality is also necessary for the macroinvertebrate food sources of juvenile sturgeon. 
The impacts to sediment quality on the macroinvertebrate community would be similar to 
impacts to water quality as described above. 

As discussed in section 4.3.2, DO and temperature are other important water quality factors for 
sturgeon. As temperature increases, DO levels decrease which can affect the growth and 
respiration rates of juvenile sturgeon. Water quality modeling conducted for temperature and 
DO indicated post-project levels would have a slight but not significant difference from the pre-
project levels. Thus, we can reasonably assume that while sturgeon may be stressed from any 
slightly lower levels, they would still continue to feed and grow. 

5.3.3. Effects of Non-Federal Activities caused by the Federal Action on Gulf 
Sturgeon Critical Habitat 

The relocation or retrofitting of existing infrastructure within the Action Area would lead to a 
reduction in sediment and water quality from the increased sedimentation and turbidity involved 
with implementing those actions. The increase in development adjacent to the improved channel 
could also lead to a reduction in water and sediment quality in the Action Area. Effects to water 
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quality would be the same as mentioned above. The effects from decreased reduction in water 
quality are discussed in sections 4.3.2 and 5.3.3. 

5.3.4 Summary of Effects of the Action on Gulf Sturgeon Critical Habitat 

The Action Area encompasses a total of 19.37 miles of critical habitat that would be affected due 
to the Action. Thus, we estimate that approximately 3.9 percent of critical habitat Unit 1 and 1.1 
percent of the total riverine critical habitat units would be impacted by the Action. Based on the 
best available data, the collective activities from the Action would affect the PBFs including 
food, flow regime, water quality, sediment quality, and migratory pathways, however, these 
impacts would either be temporary or offset by activities such as the construction of a fish 
passage for migratory purposes. 

5.4. Cumulative Effects on Gulf Sturgeon Critical Habitat 

For purposes of consultation under ESA §7, cumulative effects are those caused by future state, 
tribal, local, or private actions that are reasonably certain to occur in the Action Area. Future 
Federal actions that are unrelated to the proposed action are not considered, because they require 
separate consultation under §7 of the ESA. At this time, the Service is unaware of any future 
state, tribal, local, or private non-Federal actions planned or scheduled that would occur in the 
Action Area. Therefore, cumulative effects are not relevant to formulating our pinion for the 
Action. 

5.5. Conclusion for Gulf Sturgeon Critical Habitat 

In this section, we summarize and interpret the findings of the previous sections for Gulf 
Sturgeon critical habitat (status, baseline, effects, and cumulative effects) relative to the purpose 
of a BO under §7(a)(2) of the ESA, which is to determine whether a Federal action is likely to: 

a) jeopardize the continued existence of species listed as endangered or threatened; or 
b) result in the destruction or adverse modification of designated critical habitat. 

“Destruction or adverse modification” means a direct or indirect alteration that appreciably 
diminishes the value of critical habitat as a whole for the conservation of a listed species” (50 
CFR §402.02). 

The Action Area occurs at the northernmost extent of Critical Habitat Unit 1. As discussed in 
Section 4, the Action Area encompasses the Pearl River and its adjacent lands from the Ross 
Barnett dam south to 1.6 miles south of the weir structure. A total of 19.37 miles of critical 
habitat would be affected equaling approximately 3.9 percent of Unit 1 and 1.1 percent of the 
total riverine critical habitat units being impacted. (Please note that this assessment does not 
include the estuarine and marine units of critical habitat because none would be affected and 
because we are specifically addressing changes to the riverine portions of Gulf sturgeon critical 
habitat due to the PBFs being affected.) The PBFs impacted by this Action are food, flow 
regime, water quality, sediment quality, and migratory pathways. 

Water and sediment quality go hand in hand when it comes to effects on food resources. The 
analyses of water and sediment quality impacts from implementing the Action indicate that 

54 



 

 

 

  
      

  
             

   
    
   

    
 

    
     

                

              
   

 
              

  
  

   
 

    
 

       
 

     
     

    
    

                
 

 
       

 
  

                 
     

  
   

    
   

 
        

impacts would be either temporary or insignificant, which infers that impacts to food sources for 
foraging sturgeon would be minimal. A reduction in water and sediment quality from 
sedimentation and turbidity from the indirect actions (e.g., relocation of and retrofitting existing 
infrastructure) would also be temporary, because water quality would return to similar conditions 
once such actions are completed. The modeling of water quality parameters, specifically 
temperature and DO, pre- and post-project does not indicate a significant difference in those 
parameters; thus, water quality in the Action Area would not be permanently degraded to such a 
degree that sturgeon would not be able to use the area. 

The weir structure would impact the migratory pathway to sturgeon movement into this reach of 
the river. To offset the effects to sturgeon migration from the weir, a fish passage structure has 
been designed for just downstream of the weir. There is no documentation of sturgeon using fish 
passage structures, but studies show that certain designs would make migration through a fish 
passage more successful. Specifically, swim speed should be considered in the design of the fish 
passage feature in order to maintain sturgeon migration into the Action Area post-construction. 

Our analysis indicates that while the Action would have negative effects to 3.9 percent of Critical 
Habitat Unit 1 and 1.1 percent of the riverine units as a whole, it is not likely to appreciably 
diminish ability of Unit 1 to provide the intended conservation value to the Gulf sturgeon and 
would not result in an adverse modification to Critical Habitat Unit 1. 

6. RINGED MAP TURTLE 

6.1. Status of the Ringed Map Turtle 

This section summarizes best available data about the biology and current condition of the 
Ringed map turtle (Graptemys oculifera) throughout its range that are relevant to formulating an 
opinion about the Action. The Service published its decision to list Ringed map turtle as 
threatened on December 23, 1986 (51 FR 45907 45910). The most recent published 5-year 
review was completed August 17, 2010. A new 5-year review was requested to be initiated May 
7, 2018 (83 FR 20092 20094). 

6.1.1. Description of the Ringed Map Turtle 

For a thorough description of the ringed map turtle see Jones & Selman (2009); all information 
in this section can be found in that description unless otherwise cited. The ringed map turtle is a 
small turtle. Each shield of its upper shell (carapace) has a yellow ring bordered inside and 
outside with dark olive-brown; its undershell (plastron) is yellow. The head has a large yellow 
spot behind the eye, two yellow stripes from the orbit backwards, and a characteristic yellow 
stripe covering the whole lower jaw. Males grow on average to 3.5 inches (89 millimeters) and 
females to 6 inches (156 millimeters) in plastron length. 

6.1.2. Life History of the Ringed Map Turtle 
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The ringed map turtle’s habitat is typically riverine with a moderate current and numerous 
basking structures. Using data from five studied populations in Mississippi, river conditions 
have been described as: 

● width from 67 to 361 feet (20 to 110 meters); 
● mean stream flow rates from 3,000 to 15,000 cfs; and 
● river bottom composed of clay, sand or gravel. 

This species has also been observed in oxbow lakes that are connected or disconnected from the 
main river system. It is assumed that turtles observed in disconnected lakes arrived due to 
flooding and remained or were isolated during construction of the levees. Individuals have been 
reported from the Ross Barnett Reservoir, although there is no evidence of a breeding population 
there or in any disconnected lakes (Selman 2018). Basking structures vary from deadwood to 
man-made structures (e.g., culverts, shopping carts, etc.). The turtles are found in rivers that 
must be wide enough to allow sun penetration for several hours. Turtles prefer basking sites 
which are partially submerged in areas with the deepest water and swiftest current. The 
occurrence of downed trees within the river has been strongly associated with the presence of 
Graptemys (Killebrew et al. 2002; Linderman 1997, 1998, 1999). However, ringed map turtles 
have also been found in areas that are predominately shallow with few deep areas (Selman and 
Smith 2017). 

The preferred velocity of the ringed map turtle has not been determined; however, Killebrew et 
al. (2002) determined that the Cagles map turtle (Graptemys caglei) preferred velocities from 0.5 
to 2.5 fps. Shealy (1976) stated that the Alabama map turtle (Graptemys pulchar) was found in 
velocities typically ranging from 0.9 fps to 2.7 fps. To aid in the impact determination the 
Service examined computer modeled without project velocities for that reach of the river where 
the stable Lakeland population is found; typically velocities ranged from 0.4 to 2.0 fps. Because 
those velocities are mean cross-sectional velocities the Service used that information and the 
Cagle’s map turtle velocities to hypothesize that suitable velocities for the ringed map turtle 
would likely occur between 0.5 and 2.5 fps. 

Nesting habitat consists of large, high sand bars adjacent to the river. Sandbars range in size 
from 430 square feet (40 square meters) to over 2.2 acres (8,900 square meters) and are generally 
composed of 39 percent open sand, 38 percent herbaceous vegetation, and 23 percent woody 
vegetation (Jones 2006). Nesting has also been reported to be attempted in shell road beds and 
mowed grassy areas adjacent to the river. Nesting occurs during daylight hours from mid-May 
through mid-July. Nest sites are usually located, on average, 59 feet (18 meters) from water and 
within 3.3 feet (1 meter) of vegetation, with an average canopy cover of approximately 37 
percent. 

The diet of the ringed map turtle consists primarily of insects (caddisflies, diptera, mayflies, and 
beetles) and mollusks. Some observational data have also pointed to carrion as a food source. 
Selman and Linderman (2018) postulated that ringed map turtles may also consume freshwater 
sponges as do other Graptemys. The presence of wood in diet samples of the ringed map turtle 
indicate that sponges and vegetative prey items (e.g., filamentous algae) may occur along with 
animal prey on deadwood substrate. 
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Jones (2006) found a minimum of approximately 60 percent of the females reproducing 
annually, but some females may skip a year between nesting. Nesting was found to only occur 
during daylight hours and primarily before noon. Nesting is initiated in May and ends in August 
with multiple (2 to 3) clutches per year being common (annual clutch frequency ranged from 
0.96 to 1.42). Clutch size averaged approximately 3.6 eggs per nest. Final nesting attempts 
usually ended towards the end of July. Eggs incubate for approximately 64 days (Jones 2006) 
before pipping and then hatchlings emerge approximately 12 days after pipping (total time in the 
nest is approximately 76 days). 

Mean annual survivorship estimates for males, females, and juveniles were 0.88, 0.93, and 0.69, 
respectively. Maximum longevity estimates were 48.8 years for males and 76.4 years for 
females. Average longevity estimates were 13.9 for females and 8.5 years for males. The sex 
ratio of captured turtles was male-biased before 2000 but unbiased after 2000. Time to maturity 
varies between male and female turtles. Males mature at about 4.6 years of age while females 
mature about 9.1 years of age (Jones 2017). 

6.1.3. Numbers, Reproduction, and Distribution of the Ringed Map Turtle 

The ringed map turtle is restricted to the main channels of the Pearl, Strong, and Bogue Chitto 
Rivers in Mississippi and Louisiana (Figure 6.1). It occurs in most reaches of the Pearl River 
from near the coastal salt water influence in St. Tammany Parish, Louisiana, upstream to 
Neshoba County, Mississippi. It only occupies the lower approximately 4.7 miles of the Strong 
River in Simpson County. In the Bogue Chitto River it is found upstream to Warnerton, 
Louisiana. Occupied river miles are estimated to be 488.5 miles. 

Using 25 years of data at 5 sites along the Pearl River in Mississippi, Jones (2017) provides the 
most recent information on long-term trends for the ringed map turtle in the mid- and upper-
Pearl River. While the population trend as a whole remained stable over the 25 years of the 
study, one site showed decline (Carthage), three sites showed the initial stages of decline (Ratliff 
Ferry, Monticello, Columbia), and one site (Lakeland) is relatively stable (Table 6.1). 

In 2012, Landry conducted survey on the Pearl River near Bogalusa. Landry & Gregory (2010) 
conducted the most recent survey of the Bogue Chitto River following up on a 1999 survey of 
the same reach (Shively 1999). Between 6.51 to 114.7 turtles/kilometer (km) were estimated 
between the confluence of the river and Warnerton, Louisiana. Turtle concentrations were 
higher in the downstream reaches, potentially due to acclimation to human disturbance. Ringed 
map turtle numbers were down from the previous survey. 

Recent surveys on the Pearl River below the Bogue Chitto River are limited. Dickerson and 
Reine (1996; summarized in Selman and Jones 2017) surveyed between Pools Bluff and Hwy 90 
and found between 15.7 (Bogue Chitto Sill) to 1.4 (Pools Bluff) turtles/km. Along the East Pearl 
River at Stennis Western Maneuver Area, basking surveys conducted from 2012 to 2015. 
Abundance was estimated between 1.2 and 6.8 turtles/km (Buhlmann 2017). Over all, there are 
12 relatively recent separate surveyed areas across the ringed map turtle range. These surveyed 
reaches represent 1.37 percent of the species’ range, but there are river reaches longer than 
approximately 80 miles that have neither recent nor any survey information. The survey reports 
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for six areas did not mention a trend in the abundance. Of the remaining six, one was declining, 
three were in the initial stages of decline, another one was declining but the stage of decline was 
not stated, and only one was stable. 

The use of basking surveys to obtain a relatively good indication of the abundance level has been 
suggested by Jones and Hartfield (1998) and Killebrew et al. (2002). To determine the overall 
abundance the Service estimated the occupied river miles within the species’ range based on 
literature. The U.S. Geological Survey’s (USGS) stream reporter (txpub.usgs.gov) was used to 
determine river miles; adjustments to those mileages were done in ArcGIS using the National 
Hydrologic Database. The mean number of basking turtles observed for all surveyed reaches 
was extrapolated to the unsurveyed reaches to estimate a range wide abundance. The Service 
assumed an even distribution across the range; however, Killebrew et al. (2002) and Lechowicz 
(undated) found Graptemys were not always evenly distributed. The range in abundance 
displayed in Jones (2017) indicates an unequal distribution for the ringed map turtle; however, 
the Service could not find literature indicating a better method for determining Graptemys 
distribution and abundance. The Service used an average of all surveyed reaches to calculate an 
average abundance per river mile of the Pearl River (26.6 turtles/km) and used the average 
number of turtles from Landry and Gregory (2010) to calculate the abundance in the Bogue 
Chitto; the Service estimates approximately 17,916 turtles occur across the species’ range (Table 
6.1). 

6.1.4. Conservation Needs of and Threats to the Ringed Map Turtle 

Several threats were identified at the time of listing of the ringed map turtle (1986): 
● habitat modification (desnagging, channelization, impoundment, and erosion), 
● water quality degradation (pollution & siltation), 
● over-utilization (collection for the pet trade and shooting of basking turtles for 

recreation); 
● disturbance of nesting and basking (due to recreation and boating); and, 
● The subsequent recovery plan (1988) identified predation as an additional threat. 

At the time of listing, 21 percent of the ringed map turtle’s range had been modified by 
channelization or impoundment and an additional 28 percent of that range had construction 
projects planned or authorized. This includes the Ross Barnett Reservoir and a channelized 
section within the Action Area. While many of the projects have not been constructed, and some 
are no longer under consideration, some are still authorized and may be initiated if funding 
becomes available. The ringed map turtle is not found within the approximately 16-mile-long 
Ross Barnett Reservoir which creates a barrier to turtle movement, though a small remnant 
population is found in Pelahatchie Creek near the dam. It has been stated that operations of the 
reservoir have created downstream impacts to habitat including channel filling and widening due 
to collapse of waterlogged banks from sudden water releases to maintain pool elevations 
(Selman and Jones 2017) and channel instability resulting from captured sediment in the Ross 
Barnett Reservoir (Hasse 2006; Kennedy and Hasse 2009; Tipton et al. 2004). Killebrew et al. 
(2002) stated that populations of Cagle’s map turtle (Graptemys caglei) found downstream of a 
dam were decreased due to rapid changes in the water level associated with dam releases. Those 
dam releases were implicated in the flooding of nests and reduced food availability. Richards 
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and Seigle (no date) stated that fluctuating water levels downstream of a dam altered habitats, 
reduced turtle movements, and resulted in loss of basking habitat for the northern map turtle 
(Graptemys geographica). 

The recovery plan recognized that to reduce the threat of habitat modification, habitat protection 
was needed. Criteria 1 of the plan identified that protection of a total of 150 miles of the turtle's 
habitat in two reaches of the Pearl River was needed to delist the species. The reaches must be 
on opposite ends of the Ross Barnett Reservoir, and there must be a minimum of 30 miles in 
either reach. Currently there is only one protected reach north of the Ross Barnett Reservoir, an 
approximately 11.8–mile-long ringed map turtle sanctuary. Just south of the reservoir one of 
Mississippi Department of Transportation’s mitigation banks protects 21,491 linear feet 
(approximately 4 miles) of the east bank of the Pearl River. Approximately 73 miles of at least 
one bank in the lower Pearl River is within state or federally protected and managed lands, but 
this area has some of the lowest population densities. Thus, additional protected areas are 
needed to meet this recovery goal. However, placing lands within a protected status may not be 
sufficient to preclude the decline of a turtle species (Browne and Hecnar 2007); additional 
management actions may also be required. 

Agricultural, municipal, and industrial effluents may have historically impaired water quality in 
the lower Pearl River (McCoy and Vogt 1980). Direct effects of water quality on ringed map 
turtles has not been researched, but negative effects to their primary food sources has (Stewart et 
al. 2005). Decreases in other Graptemys species have been attributed to reduced water quality 
downstream of development (Killebrew et al. 2002). Selman and Jones (2017) cited studies that 
pointed to the decrease or loss of Graptemys species due to poor water quality in the Pearl River; 
recovery of those Pearl River populations due to improved water quality was also noted. 

Predation of nests by raccoons, armadillos, and fish crows is well documented with most nests 
being predated within 14 days (Jones 2006). Predator numbers have increased and may be 
subsidized by humans which could have an impact on recruitment (Bulhmann 2017; Jones 2006). 
Jones and Selman (2009) suggested that those predators could have a significant impact to 
recruitment in the future. A recent increase in American alligators (Alligator mississippiensis) 
was also postulated to have possibly resulted in a decline in adult males and juveniles (Jones 
2017). Predation is estimated to destroy approximately 86 percent of nests, and invertebrates 
(i.e., ants and fly larvae) kill an additional 24 percent of fertilized eggs within nests. 

The impact of human disturbance, primarily recreating (e.g., camping, picnicking, boating) to 
nesting turtles and/or nests has been pointed to as another source of decline in the population 
(Jones 2006; Jones 2017; Selman and Jones 2017). Horne et al., (2003) found that even their 
observation blind reduced Graptemys flavimaculata nesting attempts by three times more than 
without that disturbance. Direct mortality associated with recreational and commercial fishing 
and recreational boating has been identified as another impact to Graptemys populations (Bluté 
et al. 2010; Selman et al. 2013; Smith et al. 2018). Jones (2017) expressed a concern about those 
same activities impacting the ringed map turtle. Blute et al., (2010) found that impacts to the 
northern map turtle (Graptemys geographica) from boat strike could lead to an increased risk of 
localized extinction. The potential for reduced vigor because of disturbed basking has been 
found in other Graptemys populations as well as the ringed map turtle (Heppard and Buchholz 
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2018; Selman and Qualls 2011; Selman et al., 2013). Based on basking surveys it is apparent 
that Graptemys species including the ringed map turtle may habituate to humans, the amount of 
time required for such habituation is not known and there is some uncertainty as to the degree of 
habituation that will occur. (Jones and Hartfield 1995; Landry and Gregory 2010; Lechowicz 
2013; Selman and Jones 2017, Selman and Qualls 2011; Selman et al., 2013). 

Listing of the ringed map turtle as federally threatened may have reduced impacts of the pet trade 
that trade is still apparently operating within the Pearl River Basin (Jones 2017; Selman and 
Jones 2017). 

The most recent 5-year review (USFWS 2010) confirmed that all of the threats continue. 

6.1.5. Tables and Figures for Status of the Ringed Map Turtle 

See following pages. 
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FIGURE. 6.1. The geographic location of the Pearl River in the southeastern United States (top inset) and 
map of sample sites in central Mississippi (bottom). Cross-hatching represents areas where Graptemys 
oculifera and Graptemys pearlensis co-occur; whereas stippling represents upstream areas only occupied 
by G. pearlensis (based on maps by Lindeman 2013) and new records of Lindeman (2014a, b). Taken 
from Selman and Jones 2017. 
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Table 6.1. Abundance estimates based on basking survyes1 and percent of species range. 

Source Location Variation in 
number of 
turtles per 
kilometer (km) 

Mean 
number of 
Turtles 
Observed 

Total 
Number 
of Turtles 
Observed 

Length of 
survey (km) 

Turtles 
per km 

Turtle 
Abundance 
(length of 
survey x 
turtles per 
km) 

% of 
occupied 
river each 
survey area 
represents 
with 
channelized 
areas 
combined3 

Surveyed 
reaches 
estimated 
percentage of 
abundance based 
on average 
abundance 
applied to non-
surveyed reaches 
(26.6 
turtles/km)4 

Jones 2017 Pear River: 
Carthage 

SD+ 15.5 62 4.8 13 62.4 0.6 0.3 

Jones 2017 Pearl River: 
Ratliff Ferry 

SD+ 51.1 188 3.2 59 188.8 0.4 1.1 

Selman 2018 Pearl River: 
Jackson Reach 
S11 

173-389; 
SD+98 

279.5 5.3 52.5 278.3 0.7 1.6 

Selman 2018 Pearl River: 
Jackson 
Reach S2 

149-295; 
SD+63 

220.6 5.3 41.5 220.0 

2.0 2.2 
Selman 2018 Pearl River: 

Jackson 
Reach S3 

42-77; SD+15 62.6 5.3 11.7 62.0 

Selman 2018 Pearl River: 
Jackson 
Reach S4 

59-177; SD+49 109.6 5.3 20.6 109.2 

Selman 2018 Pearl River: 
Jackson Reach 
5 

166-
291;SD+47 

240.4 5.3 45.2 239.6 0.7 1.3 

Jones 2017 Pearl River: 
Monticello 

SD+ 33.5 96 4.8 20 96.0 0.6 0.5 
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Table 6.1. Abundance estimates based on basking survyes1 and percent of species range – continued. 

Source Location Variation in 
number of 
turtles per 
kilometer (km) 

Mean 
number of 
Turtles 
Observed 

Total 
Number 
of Turtles 
Observed 

Length of 
survey (km) 

Turtles 
per km 

Turtle 
Abundance 
(length of 
survey x 
turtles per 
km) 

% of 
occupied 
river each 
survey area 
represents 
with 
channelized 
areas 
combined3 

Surveyed 
reaches 
estimated 
percentage of 
abundance based 
on average 
abundance 
applied to non-
surveyed reaches 
(26.6 
turtles/km)4 

Jones 2017 Pearl River: 
Columbia 

SD+ 17.7 62 4.8 13 62.4 0.6 0.3 

Landry and 
Gregory 2010 

Bogue Chitto 
River 

6.51 – 114.7 208 43.9 4.7 208.0 5.6 1.2 

Landry 2012 Pearl River: 
West Pearl 

121 10 12.1 121.0 1.3 0.7 

Bulhammn 
20172 

Pearl River: 
East Pearl and 
Mike's River 

43 10 4.3 43.0 1.3 0.2 

Total 108 26.6 1690.6 13.7 
1Basking surveys are used because not all surveys included trapping or mark/recapture thus to assess project impacts to the species range wide the most 
consistent/predominant method of surveying was used. 
1This reach overlaps Jones 2017 Lakeland population, because Selman’s data is more recent, Jones 2017 Lakeland population information is not included in 
the analysis. 
2 Mean for the three year sampling period was used because individual years included unidentified turtles. 
3 To determine the total length of river occupied by ringed map turtle the Service started at Hwy 15 Pearl River crossing south of Burnside subtracted the Ross 
Barnett Reservoir (16 miles) and the river mileage below Interstate 10 (14 miles); the East Pearl path was measured below the river bifurcation (total distance 
602.4 km [380.4 miles]). The Bogue Chitto was measured starting at the confluence of McGee Creek in Mississippi, down the West Pearl to Interstate 10 
(total distance 167.4 km [104 miles]). The lower 7.6 km (4.7 miles) of the Strong River. All miles total equals an estimated 786 km (488.5 miles). 
4 26.6 turtles per km was multiplied by the potential total occupied river miles of the Pearl and Strong River (610 km) minus the Pearl River sampled reaches 
(64.1 km). This produces an estimate (16,226) of the overall abundance of turtles within the Pearl River range outside of the sampled reaches. The Bogue 
Chitto total occupied habitat was determined the same way but the turtles per km for that river were used (i.e., 167.4 km - 43.9 km = 123.5 km x 4.7 turtles/km 
= 580.5 turtles). Within the sampled reaches an abundance of approximately 1690.2 turtles and range wide is estimated at 17,916. 
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6.2. Environmental Baseline for the Ringed Map Turtle 

This section is an analysis of the effects of past and ongoing human and natural factors leading to 
the current status of the Ringed Map Turtle, its habitat, and ecosystem within the Action Area. 
The environmental baseline refers to the condition of the listed species or its designated critical 
habitat in the Action Area, without the consequences to the listed species or designated critical 
habitat caused by the proposed action. The environmental baseline includes the past and present 
impacts of all Federal, State, or private actions and other human activities in the Action Area, the 
anticipated impacts of all proposed Federal projects in the Action Area that have already 
undergone formal or early section 7 consultation, and the impact of State or private actions 
which are contemporaneous with the consultation in process. The consequences to listed species 
or designated critical habitat from ongoing agency activities or existing agency facilities that are 
not within the agency’s discretion to modify are part of the environmental baseline (50 CFR 
§402.02). 

6.2.1. Action Area Numbers, Reproduction, and Distribution of the Ringed Map 
Turtle 

Recent surveys by Selman (2018) provide a current estimate of the number and status of ringed 
map turtles in the Action Area (Table 6.1 above). Ringed map turtles were also observed in 
oxbow lakes and sloughs adjacent to the Pearl River within the Action Area; however, not all 
oxbow and slough habitat will be altered by the proposed impoundments. Only a portion of 
Crystal Lake will be impacted by proposed levee realignment (set-back) and impoundment. 
Ringed map turtles are found throughout all reaches of the Pearl River within the Action Area, 
with lower numbers in the channelized sections of the River (just south of RM 293 to 
approximately RM 287). Approximately 40 percent of the proposed excavation area has little or 
no riparian habitat and little to no natural basking and feeding habitat, especially within the 
channelized portion. Selman (2018) found a greater concentration of turtles within forested 
riparian sites along this portion of the river. He also documented nest sites, turtle nesting crawls, 
and juvenile turtles all indicative of successful recruitment occurring in all stretches of the 
Action Area, including the area with reduced riparian habitat. A greater abundance of juveniles 
(10 to 20 percent) was found within the northern channelized section than in other sites outside 
of the Action Area. Selman (2018) postulated that the increased juvenile production may result 
from the use of narrower sandbanks along the channelized sections as opposed to sand bars, thus 
reducing predation success. Approximately 31.4 acres of accretion (e.g., sand bars, sand banks) 
were determined by the FCDCD to exist within the Action Area based on 2010 National 
Agriculture Imagery Program color photography; this acreage was spread over approximately 20 
sites throughout the Action Area. Selman (2018) documented 20 sandbars within the project 
area and noted 102 potential nesting crawls. Of the 20 sand bars, 11 were not surveyed but two 
of those not surveyed were noted as having crawls but the number of crawls were not counted. 
Two surveyed sand bars had no nests or crawls. 

Based on basking survey data, the Action Area represents 2 percent of the turtle’s range having 
approximately 2 percent of the turtle’s range wide abundance (Table 6.1 above). Jones (2006) 
used nesting survey data from upstream of the Action Area to develop a relationship between 
sandbar size and number of nests. Based on that relationship the approximate number of turtle 
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nests found on the 31.4 acres of sandbars within the excavated area was calculated to be 1,177. 
With each nest having approximately 4 eggs per nest (rounded up from 3.6) this corresponds to 
approximately 4,326 eggs within the excavated area. However, once the 86 percent predation 
rate of nests and the 24 percent predation rate of eggs by insects are applied to the number of 
eggs only approximately 451 eggs are likely to hatch. 

Not included in the above abundance estimate are the small isolated populations at Cypress, 
Crystal, and East and West Maye’s Lakes within the project area. There has been no evidence of 
these populations reproducing (Selman 2018). Turtles at Crystal Lake were isolated from the 
river following levee construction. Due to the lack of riverine created habitat, especially nesting 
habitat, these populations are expected to eventually disappear. Selman (2018) counted 11 and 9 
ringed map turtles at Cypress and Crystal Lakes, respectively. East and West Maye’s Lakes 
were found to have 24 and 4 turtles, respectively; however, unlike Cypress Lake, the other lakes 
connect to the river during large flood events. Selman (2018) believed the population in both 
Mayes Lakes were supported by immigration only but were not viable. There are no 
construction activities proposed in the immediate vicinity of both Mayes Lakes and the adjacent 
Cypress Lake. Other ringed map turtle studies have typically not surveyed oxbows or lakes 
within the floodplain, though their presence was noted in downstream lakes. 

Selman (2018) used basking density surveys along with basking frequency data from two 
Graptemys species found in the Pascagoula River to estimate population size within the Action 
Area (Selman and Qualls 2011; Selman and Lindeman 2015). Selman (2018) used correction 
factors of 20 and 30 percent of the basking population observed to estimate the potential range of 
turtles missed by such surveys. Killebrew et al. (2002) used a level of conspicuousness (between 
33 and 36 percent) to estimate undetected turtles from basking surveys to predict population 
levels. The Service used the mid-point between Selman’s ranges (i.e., 25 percent) as a 
reasonable method to estimate potential numbers in the Action Area. The Service also used 
survey results from Selman (2018) to determine the number of turtles within the channelized area 
and upstream and downstream of that area to which we applied the correction factor. Based on 
those calculations, the Service estimated that 2,196 turtles potentially exist in the area that will 
be inundated by the project. Upstream and downstream of the project area, we estimate 
approximately 1,556 and 1,164 turtles, respectively (2,720 total) with the later number 
representing the Lakeland population found north of the excavated area. In addition, we estimate 
that approximately 192 ringed map turtles inhabit Crystal, Cypress, and East and West Mayes 
Lake based on the 25 percent correction factor. In summary, we estimate a total of 
approximately 5,108 turtles occur in the Action Area. The estimated number of turtles includes 
juveniles as these are not separated in our analysis below. 

Selman (2018) used information from two Graptemys species to develop the potential number of 
turtles in the Action Area. The use of surrogate species is common in conservation biology, 
particularly when implementing the ESA where needed data may not be available or is difficult 
to collect. Selman’s use of a “correction factor” to determine population size within the project 
area is based off the peer-reviewed Selman and Qualls (2011) basking behavior study of an 
ecologically similar species (Graptemys flavamaculata, Yellow-blotched map turtle) within the 
Pascagoula River. This species is as equally imperiled as the ringed map turtle and suffers from 
similar threats. When lacking actual data for a species, we will use the best available 
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information often from a surrogate species (Murphy & Weiland 2014; Caro 2010); Service 
policy on using surrogate species can be found in Final Rule 80 FR 90 26832-26845. 
Throughout this BO the Service has relied upon existing information about the ringed map turtle 
as much as possible; however, when information is deficient or absent the Service first examined 
literature regarding other Graptemys species, and then other aquatic turtle species to provide the 
best possible assessment of impacts to the subject species and its habitat. 

6.2.2. Action Area Conservation Needs of and Threats to the Ringed Map Turtle 

The current status of ringed map turtles in the Action Area has been heavily influenced by 
previous flood control actions and urbanization. Portions of the Pearl River within the Action 
Area have been channelized, desnagged, and contain a cleared floodway where woody 
vegetation is controlled via herbicide and/or mowing. These actions have reduced the amount of 
habitat available for this species, including reductions in basking material, potential foraging 
areas, and nesting sandbars. Relatively few deep areas are also found within this section. 
Degraded water quality through nutrient and pollution input through this urbanized section of the 
Pearl River may also be impacting the ringed map turtle populations. Even with these 
impediments the ringed map turtle manages to persist within the Action Area. Finally, the 
construction of the Ross Barnett Reservoir just north of the Action Area has resulted in a barrier 
to ringed map turtle migration from and into the Action Area. The significantly decreased water 
velocity within the reservoir, the lack of basking material, nesting habitat and increased 
development and recreational activities has resulted in the elimination of a viable population of 
ringed map turtles for the length of the reservoir (approximately 16 miles of the Pearl River, i.e., 
RM 302 to approximately RM 328). An isolated non-reproducing population is found in the 
Pelahatchie Creek area just north of the dam in the reservoir. 

The Action Area contains one of the reaches selected in the 1988 Recovery Plan for long term 
population monitoring because of its perceived low population (Stewart 1988). This population, 
referred to as the Lakeland population, is 3 miles long and is found between the Ross Barnett 
Reservoir and Lakeland Drive (northern portion of the Action Area). The Service’s most recent 
five-year status report states that the population at this location represents the healthiest 
population south of the Ross Barnett Reservoir. Approximately 30 percent of river within the 
Lakeland population area will be directly impacted by the project. Selman and Jones (2017) 
concluded that the Lakeland population is the only stable population they surveyed. There has 
been no long-term monitoring of the population south of Lakeland drive within the Action Area. 
Selman’s recent surveys (2017, 2018) were the first efforts to document population status within 
this area. 

The Ratliff Ferry population and populations to the north became isolated from populations 
south of the Ross Barnett Reservoir with the construction of that reservoir in 1960 (17 years 
short of the estimated longevity of a female). The ringed map turtle populations north of the 
reservoir are beginning to experience a decline. Predation and disturbance of nesting areas are 
believed to possibly be the greatest factors causing the decline along with sedimentation in the 
upper portion of its range (Jones 2017). 
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After studying the Ratliff Ferry and Lakeland populations, Heppard and Buchholz (2019) 
suggested that increases in boat traffic can be mitigated to some extent by providing greater 
basking perch abundance and by reducing boat speed and the interwake interval of passing boats. 
They recommended that no wake zones be placed around areas set aside for ringed mapped turtle 
conservation and that basking refugia be established by restricting boater access. Turtles basked 
for longer times in no wake zones. The proposed measures would be done to improve the health, 
survival and reproduction of the ringed mapped turtle and reduce the likelihood of boats striking 
adults. For the Lakeland and the three other populations studied in the northern part of the range, 
Selman and Jones (2017) attributed some of the population declines to direct mortality from boat 
strikes. 

6.3. Effects of the Action on the Ringed Map Turtle 

This section analyzes the direct and indirect effects of the Action on the Ringed Map Turtle. 
Effects of the Action are all consequences to listed species or critical habitat that are caused by 
the proposed action, including the consequences of other activities that are caused by the 
proposed action. A consequence is caused by the proposed action if it would not occur but for 
the proposed action and it is reasonably certain to occur. Effects of the Action may occur later in 
time and may include consequences occurring outside the immediate area involved in the Action 
(50 CFR §402.02). Our analyses are organized according to the description of the Action in 
section 2 of this BO. 

6.3.1. Effects of channel excavation and levee relocation on the Ringed Map Turtle 

To decrease sedimentation from the construction site and allow most excavation to occur in a dry 
environment, excavation of areas away from the river bank would occur first. This would leave 
the riverbank and an additional adjacent area separating the river from the excavation area 
undisturbed. During the final construction phase the buffer (i.e., river bank area) would be 
removed and then the area river would be closed and the area would flood. Prior to that, the 
buffer area would reduce the likelihood of disturbing basking turtles or turtles attempting to nest 
and would reduce the potential of having nesting sites located within ongoing work areas. 
Therefore, we anticipate a very small percentage of turtles will be killed due to ground 
disturbance activities away from the river 

Disturbance from excavating 25 million cubic yards of material from approximately 1,901 acres 
within and adjacent to the river over approximately two years could result in death of individuals 
if they are unable to flee the construction work area. Most of the top bank of the river will be 
disturbed through the direct removal of vegetation, sand and dirt as well as through other 
associated ground disturbing activities such as stockpiling dirt, machinery egress and ingress, 
etc. Aquatic turtle research that focused on disturbances associated with construction found that 
aquatic turtles within a construction area would move up or downstream from the construction 
activity (Chen and Leu 2009; Plummer and Mills 2008). Therefore, it is reasonable to assume 
that many turtles currently found in the proposed impounded area will slowly move away from 
construction activities. As construction progresses upstream from the weir location it is assumed 
that most turtles will migrate upstream and will encounter the Lakeland population where the 
river will not be directly altered. At the downstream end of the project some turtles are likely to 
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move downstream encountering turtles south of the weirs location. All turtles in the construction 
area (estimated at 2,196) are expected to be disturbed in some form of alteration of normal 
feeding, basking and nesting activities while channel excavation activities are taking place and 
they are displaced from the construction site. 
A modest decline in the softshell turtle (Apalone spinifera) population in a small stream was 
noted by Plummer et al., (2008) following the excavation of that area. That population recovered 
within four years (Plummer and Mill 2008). They postulated that having areas (up or down 
stream) to escape construction activities was important in avoiding a population impact from 
construction. Eskew et al., (2010) also found pre-impact population levels four years following 
disturbance to ponds inhabited by painted turtles (Chrysemys pictato) however, they did cite 
literature that pointed to potential long term declines following similar disturbance. Review of 
information in Chen and Leu (2009) indicates a population decrease of approximately 14 percent 
following excavation and concrete lining. Therefore, we believe that construction activities 
could result in the death of approximately 14 percent of the turtles (281 turtles or 0.4 percent of 
the population) within the channelized area as a result of construction activities. If excavation 
along the river occurs during the fall when turtles are less active the ability of turtles to escape 
may be reduced resulting in a slightly higher number of turtles being killed, regardless, the 
Service does not anticipate that a large number of turtles will be killed by excavation activities. 
To offset the loss of 31.4 acres of nesting habitat due to excavation and submergence an equal or 
greater number of sandbars would be recreated in areas identified as having velocities suitable 
for ringed map turtles during higher flow periods. Graptemys and other aquatic turtles have been 
found to successfully use artificially created nesting habitat (Dobie 1992; Goodwin 2002; 
Patterson et al., 2013; Seigel et al., 2016). The greatest problem with created nesting habitat is 
the high predation rate and disturbance by humans. Reducing either or both of these factors 
would increase nesting success offsetting some project impacts. 
The project would also include the creation of islands from approximately RM 289.5 to RM 
292.0 in addition to previously mentioned sandbars. These areas would have public access 
restrictions, placement of snags and no wake zones. The proposed islands and sandbars within 
the new impoundment would include in their design nesting and basking habitat features for 
turtles that remain in the excavated portion of the river. Typically, sandy areas within the area 
encourage beach use by recreational boaters. The FCDCD has indicated that they will have law 
enforcement authority to restrict access to conservation features and will also use signage to 
prevent use of sandbars, islands, and sandbanks by the public. Without adequate enforcement of 
no-human disturbance and vegetative maintenance these features would be ineffective (Godwin 
2002). The low nest survival rate due to predation may further reduce the success of created 
nesting habitat on islands therefore, monitoring of predation rates would be undertaken to 
determine the need to reduce land based predators (e.g., raccoons, armadillos) and improve 
hatchling success. To help ensure the nesting and basking areas provided are suitable habitat, 
areas with higher modeled velocities within the improved channel were identified and targeted 
for the creation of those habitats. Basking habitat would be recreated through the placement of 
trees, root wads and crowns adjacent to the sandbars. No-wake zones would be established to 
reduce disturbance to basking turtles and shelfing of nesting sites. Because the proposed 
location of some of the sandbars are in areas that would expose turtles to disturbances, such as 
road noise, the degree of success cannot be fully estimated however currently ringed map turtles 
are found near highway crossings in the area (Selman and Smith 2017). Locating sand bars 
adjacent to highway ROWs could reduce the potential recreational boat usage of such sites and 
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adjacent basking habitat and aid in the enforcement of no public access. There is insufficient 
information for us to estimate the positive benefits of no wake zones on nesting habitat, turtle 
health and reduced direct mortality from boat strikes, even though literature recommends this 
measure to reduce all of those factors. Constructing approximately 20 acres of sand bars on the 
islands and implementation of predator controls to limit predation to 73 percent produces an 
estimated 357 additional hatchlings to the population each year. 

During the year that the river banks would be excavated, sand bars in the area would be surveyed 
every two day at the start of the nesting season. Any nests found would be relocated north of the 
excavated area (specific locations would be coordinated with the Service and MSDFWP). 
Relocated nests would have predator guards placed over them and would be monitored for 
nesting success. Typically, turtle nests with predator guards have a higher chance of hatching 
with the percent of successful nests varying from 78 to 100 percent (Horne et al., 2003; Jones 
2006). It is estimated that the 1,177 potential nests on the 31.4 acres of sand bar in the 
excavation area could have approximately 4,236 eggs (3.6 eggs per nest). If approximately half 
of those nest are found prior to predation and are successfully transferred approximately 2,118 
eggs could potentially hatch. Predation by insects could further reduce that number to 1,609 
hatchlings. This represents an increase above the determined predation rates by Jones (2006) 
that estimates those nests would produce only about 451 hatchlings. Selman (2018) postulated 
that the higher number of juveniles found in the channelized section that will be excavated 
results from a higher hatching success rate. The success of relocated nests has been documented 
(Burke et al., 1998; Kornaraki 2006; McElroy 2006; Wyneken 1988) with higher nesting success 
rates at times resulting from the relocation to better nesting sites (e.g., farther from possible 
flooding, etc.). Mortality resulting from moving eggs has been documented but the reported best 
times during incubation to move eggs has yet to be defined (Ahles 2009; Bonach et al., 2003; 
McElroy 2006). 

Approximately 10 miles of river bank would also be preserved and protected through either fee-
title purchase or restrictive easements assigned to the land. Such restrictions would prevent the 
development of habitat adjacent to river thus providing a barrier against disturbance and loss of 
habitat. This action and implementation of no public access and no wake zones would aid in 
ensuring greater nesting success and an increase in less disturbed basking periods which can help 
maintain the health of the turtles (Heppard and Buchholz 2019). Based on information presented 
in Jones (2006) and Selman (2018) we determined that there are on average approximately 2 
sand bars per river kilometer. If 5 miles of both sides of the river are purchased (total of 10 
miles of riverbank) then approximately 13 sand bars would be protected. Jones (2006) 
documented the size of 11 sand bars in approximately 4 river kilometers. Sand bars varied in 
size from 38 to 9085 square meters and averaged 2,486 square meters. If public access 
conditions are enforced we estimate that the disturbance to nesting attempts measured by Horne 
et al. (2003) might be reduced by half. This would result in one average sized sand bar 
producing an additional 8 hatchlings per year (based on Jones 2006 equation relating sand bar 
size to number of nests multiplied by the average clutch size). If protection could be applied to 
13 sand bars an additional 99 hatchlings would be produced each year based on all sand bars 
being average in size. Applying the same methodology to the sand bars presented in Jones 2006 
it is estimated that approximately 1,226 more hatchlings could be produced per year. 
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The influence of increased hatchlings survival on the perpetuation of a population has been 
investigated; hatchling and juvenile mortality is often high enough that reduction of adult 
mortality is believed to be a better option to sustain the species. However, in populations with 
little recruitment increasing the survival of hatchlings (Knoerr 2018) and adults (Heppell et al. 
1996; Spencer 2017) is viewed as being a better means to ensure survival. 

Elimination of basking habitat, disturbance during basking by construction activities and the 
reduction of food sources due to increased turbidity and removal of structure can result in the 
decreased health of turtles (Chen and Lue 2009; Heppard and Buchholz 2019). All turtles in the 
Action Area (2,196) would likely experience these effects especially during the final 
construction phase. As turtles move from the construction area into areas already inhabited, the 
potential for crowding with concurrent increased stress and competition for food and habitat 
could affect their health, survival and reproduction (Chen and Lue 2009). These effects would 
be felt by all turtles in the Action Area (2,196) as well as those in the Lakeland population 
(1,556) and those downstream of the weir (1,164). Currently, of the 9.5 miles of river bank in 
the excavated area, over approximately 4 miles (approximately 40%) have no or limited wooded 
bank line, thus a portion of the population within the excavated area is persisting in an area with 
little riparian buffer. The placement and maintenance of basking habitat would offset the loss off 
existing basking habitat. 

The excavated material will be used to upgrade existing levees in the Action Area as well as used 
to create new levees and 971 acres of elevated fill for future economic development and parks. 
This will result in the removal of any forested riparian habitat which is the main source of 
basking and feeding habitat and escape cover used by Graptemys (Lechowicz 2013; Lindeman 
1997; Lindeman 1998; Lindeman 1999; Killebrew et al., 2002). Reforestation of the lake 
perimeter is not planned so naturally occurring basking and feeding habitat will largely be 
eliminated and not replaced. The loss of this habitat would be reflected in the decreased health, 
survival and reproduction; these adverse effects would be felt by all turtles that remain or return 
to the channelized area following construction. However, these adverse effects should not result 
in the lethal take of any turtle and the project includes placement and maintenance of basking 
and foraging material at the created sandbars thus reducing the impacts from the loss of those 
areas that have this habitat. 

Relocation of the levee near Cypress Lake is expected to disturb those turtles living in that lake, 
however, trapping and relocation of an estimated 20 of the 36 turtles back into the Pearl River in 
the northern part of the Lakeland area is planned prior to construction to reduce the potential for 
direct mortality as these turtles cannot move up or downstream to avoid construction activities.. 
We expect the remaining turtles to be able to avoid the construction area and not be directly 
harmed by the activity. 

Relocation of turtles, especially aquatic turtles has had varied success (Attum et al., 2013; Attum 
and Cutshall 2015; Bogossian 2010; Sealy 1976). Soft releases (i.e., including a period of 
acclimation prior to full release) of turtles has reduce the movement of turtles away from the 
point of release (Attum and Cutshall 2015); some increased success has also been noted in the 
relocation events that occur prior to estivation and with greater distances moved. Differential 
movement between the sexes of mature adults has been noted but relocated juveniles tend to 
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move less than relocated adults. Time till return has taken up to three years (Sealy 1976). 
Because the relocation site would be separated from the capture site by a levee, the return to that 
site is improbable, thus increasing the chance of successful relocation, but dispersal from the 
relocation area may occur. The potential to capture and release individuals from areas where 
they would never contribute to the population and possibly be affected by construction and 
relocate them so that they may contribute to the population is the goal of this action. Tracking of 
the released turtles would aid in the knowledge needed to ensure the continued survival of the 
species. It is estimated that no more than 20 turtles will be captured and translocated. While a 
positive conservation action this would result in the harassment of approximately 20 turtles. 

An adaptive management and monitoring plan will be developed in conjunction with the Service 
and the Mississippi Department of Wildlife, Fisheries and Parks (MDWFP) which would provide 
ongoing monitoring, long-term management, and habitat protection benefits for the listed turtle. 
Based on the number of turtles handled and/or observed by Jones (2017) we anticipate up to 
1,600 turtles over 15 years would be taken in the form of harassment due to being trapped, 
tagged, data collected, tracked, observed, and monitored for population and movement studies. 

6.3.2. Effects of Weir Construction and Impoundment on the Ringed Map Turtle 

The establishment of a 1,500-acre impoundment from weir construction will result in changes in 
the velocity and water surface elevation within the project area. Because the weir has been 
designed to match the current discharge of the river there should not be a significant change in 
discharge once flows begin overtopping the weir. 

The lake conditions of the Ross Barnett Reservoir has precluded the ringed map turtle from 
persisting once the reservoir was filled. Killebrew et al., (2002) found Cagles map turtle was 
absent from five impoundments and attributed that absence to the lack of river type habitat 
including shoreline for nesting (including sandbars), shoreline vegetation for food and shelter 
(fallen trees or undercut banks exposing roots), and basking structure. Increase turtle abundance 
in small riverine lakes was attributed to the relatively unaltered shoreline, lack of development 
along the shoreline (any development was not close to the shoreline), and the small size of the 
lakes (a few hundred yards in length). Lakes small enough to still maintain lotic conditions were 
observed to have a greater abundance of turtles if they also possessed the previously mentioned 
habitat characteristics (Killebrew 2002). A decrease in Cagles map turtle populations occurred 
after repairs to a dam that was no longer retaining flows but was followed by an eventual 
increase once sandbars, riparian habitat, and snag habitat returned. However, if these habitat 
features did not return and/or if shoreline development occurred the turtle populations did not 
fully recover or were extirpated. Linderman (1998) stated that habitat characteristics, (deadwood 
and current) and shoreline development could explain the difference in Graptemys abundance in 
reservoirs. Sealy (1976) stated that the Alabama map turtle (Graptemys pluchra) could persist 
within a lake type environment but stated its degree of success in a lentic versus a lotic habitat 
has not been determined. Selman and Qualls (2009) did not observe any Graptemys in non-
flowing lake like conditions created by gravel mines in the Pascagoula River. Selmans’s (2018) 
survey of lakes within the Action Area determined that turtles were present but the populations 
were predominated by males and only one juvenile was observed. He characterized both Mayes 
Lakes as being ecological sinks with their populations being supported only by immigration and 
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that of Crystal Lake as not having a long-term viability. Killebrew et al., (2002) found that 
Cagle’s map turtle would be found between approximately 0.6 and 2.6 fps with an optimum 
velocity around 2.5 fps. Examination of modeled mean cross sectional velocities estimated at an 
average of approximately every 1,100 feet for the river miles where the Lakeland population is 
found indicates that the turtle is found in velocities between 0.4 and 2.3 fps. We hypothesize that 
this range represents the suitable velocities for the ringed map turtle. Because those velocities 
are mean cross-sectional velocities the actual suitable velocities may vary from those values, 
however, since all velocities for the project are mean cross-sectional values their application to 
the impact assessment is appropriate. 

Flows of 20,000 cfs with the project constructed would experience velocities within the 0.4 to 
2.3 fps range over approximately 83 percent of the range where they would be experienced 
without the project. At 40,000 cfs there would be an increase in the area experiencing those 
same velocities. However, once discharges decrease below 10,000 cfs the improved channel’s 
velocities would significantly decrease (<0.4 fps) and lake like conditions would occur. Average 
monthly flows exceeding 10,000 cfs occur less than 13 percent of the time with that velocity 
rarely being exceeded from June through November or about half the year (Table 6.3). While 
this is the normal discharge pattern, the improved channel would experience average cross-
sectional velocities that would not be within 0.4 to 2.3 fps during that time. At 10,000 cfs with 
the project constructed suitable velocities would be found in approximately 92.7 percent of the 
channel that normally would have those velocities. As discharges decrease the amount of area 
having suitable velocities would also decline; at 1,000, and 2,000 cfs there would no longer be 
any area having suitable velocities when prior to the project approximately 87 percent of the area 
would have had suitable velocities. At 5,000 cfs with the project constructed there would only 
be approximately 6 percent of the area within the estimated suitable velocities. Mean monthly 
velocities in the 1,000 cfs range typically occur from July through October. Velocities 
associated with those conditions will be similar to conditions found at the Ross Barnett 
Reservoir, where generalist turtle species such as the red-eared slider, common musk turtle, and 
common snapping turtle increased while specialist riverine turtle species such as the ringed map 
turtle decreased. 

However, between RM 293 and 294 (approximately 0.2 percent of the species range) there 
would be a significant increase in velocities (>5 fps) that would make these portions of the river 
less favorable for the Graptemys resulting in an additional loss of suitable habitat during normal 
flow conditions (Killebrew et al., 2002). At higher discharge events (equal to or greater than a 
five year event) there would be a decrease in velocities which would be allow this area to 
temporally provide habitat to the turtle on an infrequent basis. 

While velocity is not the only habitat factor determining Graptemys use of lake like areas, it has 
been identified as an important one. Its importance is often linked to the need for erosional 
forces that create tree falls and sandbars. While almost all of the channelized area would not 
experience those type of velocities at discharges less than 5,000 cfs the creation and maintenance 
of these habitats would offset the need for velocities to create such habitat. Other habitat 
characteristics identified as important to the persistence of Graptemys within reservoirs include a 
riparian zone and little lakeside development. The riparian zone will be almost eliminated and 
development is planned for most of the 971 acres of fill surrounding the improved channel. 
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Placement of trees as basking habitat would reduce one of the needs for a riparian zone to 
provide fallen trees for basking and shelter. Velocities used in the Service’s analysis are means 
for the entire cross section of the river. Because the velocities are averages there will be areas 
throughout the area that will be faster and slower than those presented. Proposed monitoring of 
the turtle population and created habitat within the Action Area would aid in determining the 
effectiveness of the created habitat features. 

Turtles downstream of the proposed weir are likely to experience short-term impacts associated 
with increased sediment/siltation on sandbars and basking material during construction. 
Effectively controlling downstream sediment run-off, especially during high rain events, will be 
very difficult. However, once sediment runoff issues have dissipated due to high streamflow 
events, we expect habitat immediately downstream of the weir to remain suitable for the ringed 
map turtle. We would expect such effects to last less than two years after project completion. 
Once construction is complete and water pools behind the weir, the mean water depth will 
increase from approximately 6.7 feet to approximately 21 feet, approximately 14 feet above the 
existing water surface. If this occurs during nesting season (May to October) it could flood 
existing nests reducing recruitment from that year’s nests. However, filling of the area would 
likely occur during the higher flow periods, December through May, thus avoiding their nesting 
time. If filling took place in May it could impact approximately 40 percent of the nests. Details 
of how the filling will be undertaken have not been finalized but would be coordinated with the 
Service. 

Santucci et al. (2005) studied the impacts of weirs to macroinvertebrates and discovered that 
species distribution was truncated. Free-flowing river reaches supported a higher quality 
macroinvertebrate community while pool communities consisted of relatively few taxa 
dominated by oligochaetes and chrinomid larvae that are more tolerant of poorer water quality. 
Gangloff (2011) observed that mussel populations upstream of dams had a greater number of 
historical mussel species. Conversely, Dean et al. (2002) found fewer species but similar 
abundance upstream and within the influence of the weir resulting from deeper water, slower 
velocity and silty substrates. Potential upstream impacts to mussels and fish could also result 
due to changes in tributary velocities upstream of the pool (Roghair et al., 2016). The response 
of mussels to weirs varies according to individual species tolerance to changes resulting from the 
weir, including changes in sedimentation rates, suspended sediments, and water quality (Early 
2006; Tiemann et al., 2016). It is reasonable to assume that the proposed pool would experience 
similar changes in macroinvertebrate and mussel communities. Recolonization rates within the 
channel improvement area would likely occur quickly for invertebrates that could drift 
downstream and those that disperse aerially. Invertebrates that do not easily disperse (e.g., snail 
and mussels) would require a longer time period until they fully recolonized the area. Until 
recolonization is complete the competition for food resources within the channelized area would 
impact all ringed map turtles within the impoundment. 

Cummings (2004) examination of low head dams determined that the biggest issue is 
anthropogenic influences impacting water quality within the created water body including 
temperature. Butts and Evans (1978) found that channel dams resulted in lower dissolved 
oxygen (DO) levels within the pool and the downstream design of the weir influenced the 
amount of oxygen reintroduced to the water column. Ramped weirs had less re-aeration than 
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water falling over vertical weirs but the greatest influences on DO levels were the water velocity 
over the dam and the distance water fell. The proposed weir is a vertical weir. Data within the 
study displays that DO levels within the pool may exhibit wider DO fluctuations typically 
associated with ponds. Helms et al. (2011) found no physiochemical changes associated with 
mill dams, and Smith et al. (2017) found that dams did not impact local abiotic factors. Gangloff 
et al. (2011) found that streams with weirs had lower nitrogen concentrations but observed few 
statistical differences between habitat variables measured in streams with intact, breached, and 
relict low-head dams. Santucci et al. (2005) observed that DO and pH levels in pools 
experienced wide daily fluctuations and at times did not meet state water quality standards. 
Within the proposed channel improvement area there are eight streams draining approximately 
61 square miles of predominately urban areas. Drainage from urban areas typically has 
increased nutrient loadings and concentrations of pesticides, herbicides, and various hydrocarbon 
products. High nutrient levels could result in eutrophication of the proposed waterbody. 
Fluctuations and stratifications in the water quality (e.g., DO) similar to what occurs in the Ross 
Barnett Reservoir (larger but similar in depth) could be expected. Killebrew et al., (2002) found 
that even though areas downstream of development were meeting water quality standards there 
were decreases or localized extirpation of Cagles map turtle. Selman and Jones (2017) cited 
reports that indicated that prior to improved water quality standards local populations near 
developed areas were extirpated. Jones and Hartfield (1999) also cited a study that found 
decreased turtle body size downstream of Jackson. This was attributed to poorer and/or reduced 
food sources because of decreased water quality and the potential influence of contaminants. 
Modeling of the project area indicates that water quality should not significantly decline and 
ringed map turtles are currently persisting in the area with the ongoing discharges. Therefore we 
believe that while some water quality changes may occur they would not have an adverse effect. 

The fish -passage channel would provide approximately 1 mile (0.2 percent of the species range) 
of flowing water during low flow periods when the channelized area would experience low 
velocities. Depending on the width and velocities of this feature it could provide additional 
habitat for the ringed map turtle and would prevent isolation of the populations up and down 
stream of the weir. 

Sediment transport modeling indicates there would be some loss of sediment within the 
improved channel. Literature regarding the impact of weirs on sediment transport supports that 
analysis. The loss of sediment will not be comparable to that experienced with large dams but 
could result in some instability within a limited area downstream of the weir. The Service 
anticipates approximately 1.6 miles, approximately 0.3 percent of the species range, downstream 
of the weir would experience some degree of instability that would occur over several years with 
the capture of small amounts of sediment. Impacts from this would result primarily from an 
increase in turbidity decreasing potential food sources. The degree of instability and time over 
which this will occur is unknown but monitoring of this area would be conducted. Eventually, a 
state of equilibrium would be reached and the impacts would no longer affect the turtle. 

Monitoring of the populations within the Action Area would include trapping, tagging and 
observing, all of which would have some level of disturbance to the turtles. Previous 
populations studies (i.e., Jones 2017) resulted in the handling of over 1,600 turtles with no 
known mortality. 
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6.3.3. Effects of Non-Federal Activities caused by the Federal Action on Ringed 
Map Turtle 

Recreational water sports (e.g., fishing, boating) will likely increase within the improved 
channel, as well as the Lakeland area, as a result of improved access to the Action Area. This 
could lead to greater disturbance in basking and nesting behaviors with resulting declines in 
health and nesting success (Heppard and Buchholz 2019; Selman et al. 2013). Boat wakes can 
cause shelving of sandbars resulting in turtles nesting in areas closer to the water surface 
(Selman et al. 2013) which in turn could result in the flooding of turtle eggs and mortality. 
Because the Service does not know the rate and degree to which recreation will increase, we are 
unable to estimate the number of nests and individuals potentially impacted. Mortality resulting 
from boat strikes could also impact the population (Carriere and Blouin-Demers 2010; Selman et 
al. 2013; Smith et al. 2018). Because larger turtles use deeper water habitats and are typically 
females, they have an increased potential of being killed, thus reducing their future contribution 
to the population (Selman et al. 2013; Smith et al. 2018). 

No-wake zones would be established around sandbars to reduce the potential impact of both boat 
strikes and sand bar shelving. No public access would be allowed on the created sandbars thus 
reducing disturbance to newly created basking habitat and nesting and feeding habitats. 

Increased development adjacent to the improved channel could also lead to a decrease in water 
quality impacting food resources in the improved channel, again the Service is unable to estimate 
the rate and degree to which this will occur. 

Activities that would not occur but for the proposed Federal action include relocation or 
retrofitting of existing infrastructure within the action area (i.e. roads, bridges, pipelines, 
powerlines), riverfront access and development. Effects resulting from these activities would 
include the temporary disturbance to basking, foraging and nesting activities. In addition, 
temporary and localized increase in turbidity and sedimentation impacts to forage species. 

6.3.4. Summary of the Effects of the Action on the Ringed Map Turtle 

All the various forms of disturbance (e.g., crowding, displacement) are individually not likely to 
result in the harm of turtles but collectively they could result in the loss of a portion of the 
population; this loss is estimated at 1,306 turtles or 2 percent of the entire population across its 
range. To determine this amount the Service used the mean number of turtles within the two 
surveyed reaches in the current channelized area and determined what percent of the adjacent 
population (i.e., more natural areas) they represented. The mid-point between the two average 
percentages for those two areas was judged to represent a reasonable estimate of the population 
that could be supported by the proposed channelized area. 

The population is expected to undergo an initial decline (from construction mortality) and then a 
slow decline in the pooled area but would eventually stabilize. Increased survival of adults and 
hatchlings would occur with the implementation of the above offsetting measures (e.g., no wake 
zone) resulting in a long-term increase in the population. 
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6.3.5. Tables and Figures for Effects of the Action on Ringed Map Turtle 

Table 6.2. Monthly average discharge (cfs), 1 Standard Deviation (STD) and minimum 
monthly discharge 1966-2013. 

Jan Feb March April May June July August Sept Oct Nov Dec 
Average 8333 9303 9101 8183 4312 1562 1154 961 1140 1331 2078 5421 
+1 STD 14253 15178 14015 15883 9128 3296 2483 2198 2823 3644 4045 10289 
-1 STD 2413 3428 4187 484 -504 -172 -176 -277 -544 -981 111 553 
Minimum 338 321 1233 412 256 183 180 197 208 195 142 298 

6.4. Cumulative Effects on the Ringed Map Turtle 

For purposes of consultation under ESA §7, cumulative effects are those caused by future state, 
tribal, local, or private actions that are reasonably certain to occur in the Action Area. Future 
Federal actions that are unrelated to the proposed action are not considered, because they require 
separate consultation under §7 of the ESA. At this time the Service is unaware of any future 
state, tribal, local, or private non-Federal actions scheduled to occur in the Action Area. 
Therefore, cumulative effects are not relevant to formulating our pinion for the Action. 

6.5. Conclusion for the Ringed Map Turtle 

In this section, we summarize and interpret the findings of the previous sections for the ringed 
map turtle (status, baseline, effects, and cumulative effects) relative to the purpose of a BO 
under §7(a)(2) of the ESA, which is to determine whether a Federal action is likely to: 
a) jeopardize the continued existence of species listed as endangered or threatened; or 
b) result in the destruction or adverse modification of designated critical habitat. 
“Jeopardize the continued existence” means to engage in an action that reasonably would be 
expected, directly or indirectly, to reduce appreciably the likelihood of both the survival and 
recovery of a listed species in the wild by reducing the reproduction, numbers, or distribution of 
that species (50 CFR §402.02). 

The proposed project would affect approximately 19.4 miles of the Pearl River from RM 301.77 
to RM 282.4 (i.e., the Action Area) resulting in increased stress to all turtles (approximately 
4,960 individuals [7 percent of the total population]) within the Action Area because of a 
decrease in food sources, basking habitat, and nesting habitat, which in turn increases 
competition for those resources. Of that 19.4 miles, approximately 9.5 river miles (roughly 2 
percent of the species' range) of ringed map turtle habitat would be altered from lotic to lentic 
habitat for approximately 6 months each year as a result of channel modifications and installation 
of the weir. Construction of the project and the above habitat alterations would decrease water 
velocities and temporarily increase turbidity, and would affect turtles as follows: 

• a temporary loss of food, basking habitat, and nesting habitat for all turtles 
(approximately 2,010 individuals) remaining in the channelized area until the pool area is 
flooded and newly created habitat becomes available; 
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• a temporary decrease in food resources for approximately 3,360 turtles (roughly 5 percent 
of the total population) as a result of increased turbidity within and downstream of the 
construction area; and, 

• a direct loss of approximately 281 turtles (roughly 0.4 percent of the total population) due 
to construction. 

To offset or reduce direct losses of turtles due to construction, up to 2,018 eggs would be 
relocated outside the construction area and protected from predators and 20 individuals (0.03 
percent of the total population) would be relocated from Cypress Lake to the Pearl River. In 
addition, up to 1,600 individuals (1 percent of the total population) would be trapped, tagged, 
data collected, tracked, observed, and monitored in the Action Area population. While these 
activities are a form of harassment, no turtles are expected to die from such activities. 

In summary, all the various stressors and forms of disturbance, considered separately, are not 
likely to result in the harm of turtles. However, considered collectively, the combined level of 
stressors and disturbances could result in the loss of a portion of the population due to harm, 
estimated at 1,306 turtles. As mentioned above, we also estimate the death of approximately 281 
turtles directly from construction activities. Thus, the total estimated take of turtles is 1,588 
individuals (approximately 2 percent of the total population). 

Additional offsets to turtle losses that would be implemented as part of the Action include: (1) 
the creation and protection of 31.4 acres of nesting habitat (estimated to produce at least 1,176 
nests) and adjacent basking habitat and predator control; (2) the establishment and enforcement 
of no-wake zones to reduce boat strikes and disturbance during basking; (3) the placement of 
public access conditions to reduce disturbances to basking and nesting behaviors and habitats (4) 
the creation of an approximately 1 mile fish by-pass, and (5) the protection of 10 miles of 
riverbank that would prevent the development and destruction of riparian habitat utilized by the 
turtle and also reduce nesting and basking disturbances. In total the above offsetting measures 
have the potential to contribute approximately 2,118 hatchlings following construction (from the 
relocation of eggs) and 474 hatchlings per year thereafter. Provided that the USACE fully 
implements those conservation features, the Action is not likely to appreciably reduce the 
likelihood of the survival and recovery of the ringed map turtle. 

After reviewing the current status of the ringed map turtle, the environmental baseline for the 
Action Area, and the effects of the Action (both detrimental and beneficial activities proposed), it 
is the Service's biological opinion that implementation of the Action is not likely to jeopardize 
the continued existence of the ringed map turtle. No critical habitat has been designated for this 
species; therefore, none will be affected. 

7. INCIDENTAL TAKE STATEMENT 

ESA §9(a)(1) and regulations issued under §4(d) prohibit the take of endangered and threatened 
fish and wildlife species without special exemption. The term “take” in the ESA means “to 
harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or to attempt to engage in 
any such conduct” (ESA §3). In regulations at 50 CFR §17.3, the Service further defines: 

77 



 

 

 

               
  

 
 

 
            

  
 

               
   

   
                

   
 

  
    

              
           

     
  

    
 

 
  

 
             

  
  

         
                

  
                

     
 

      
 

   
                

   
 

   
 

              
   

 
 

● “harass” as “an intentional or negligent act or omission which creates the likelihood of 
injury to wildlife by annoying it to such an extent as to significantly disrupt normal 
behavioral patterns which include, but are not limited to, breeding, feeding, or 
sheltering;” 

● “harm” as “an act which actually kills or injures wildlife. Such act may include 
significant habitat modification or degradation where it actually kills or injures wildlife 
by significantly impairing essential behavioral patterns, including breeding, feeding or 
sheltering;” and 

● “incidental take” as “any taking otherwise prohibited, if such taking is incidental to, and 
not the purpose of, the carrying out of an otherwise lawful activity.” 

Under the terms of ESA §7(b)(4) and §7(o)(2), taking that is incidental to and not intended as 
part of the agency action is not considered prohibited, provided that such taking is in compliance 
with the terms and conditions of an incidental take statement (ITS). 

The Action considered in this BO includes a conservation measure to relocate turtles from 
Crystal Lake within the construction area to the Lakeland population area and monitor the 
population in the Action Area through the sampling, including but not limited to the capturing, 
tagging, tracking, observing and taking measurements, of individuals. Through this statement, 
the Service authorizes this conservation measure as an exception to the prohibitions against 
trapping, capturing, or collecting listed species. This conservation measure is identified as a 
Reasonable and Prudent Measure below, and we provide Terms and Conditions for its 
implementation. 

For the exemption in ESA §7(o)(2) to apply to the Action considered in this BO, USACE must 
undertake the non-discretionary measures described in this ITS, and these measures must 
become binding conditions of any permit, contract, or grant issued for implementing the Action. 
USACE has a continuing duty to regulate the activity covered by this ITS. The protective 
coverage of §7(o)(2) may lapse if USACE fails to: 

● assume and implement the terms and conditions; or 
● require a permittee, contractor, or grantee to adhere to the terms and conditions of the ITS 

through enforceable terms that are added to the permit, contract, or grant document. 
In order to monitor the impact of incidental take, USACE must report the progress of the Action 
and its impact on the species to the Service as specified in this ITS. 

7.1. Amount or Extent of Take 

This section specifies the amount or extent of take of listed wildlife species that the Action is 
reasonably certain to cause, which we estimated in the “Effects of the Action” section(s) of this 
BO. We reference, but do not repeat, these analyses here. 

7.1.1. Gulf Sturgeon 

The Service anticipates that the Action is reasonably certain to cause incidental take of Gulf 
sturgeon consistent with the definition of harm resulting from channel excavation, levee 
relocation, and construction of the weir and fish passage channel that would result in 
impoundment of the Pearl River. 
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The maximum number of fish, over the five year construction period, that is anticipated to be 
affected to the level of harm is approximately 20 Gulf sturgeon (4.6 percent of the Pearl River 
population) due to temporary disturbance to foraging during construction and effects to the 
decrease in water quality of foraging in the impoundment (see Sections 4.3 and 4.5). 

Anticipated Take of Gulf Sturgeon 

Amount or Extent Life Stage Form of Take 
20 fish Juveniles/Adults Harm 

7.1.2. Ringed Map Turtle 

The Service anticipates that the Action is reasonably certain to cause incidental take of individual 
ringed map turtles consistent with the definition of harm resulting from channel excavation and 
levee relocation (see section 6.3.1). 

The following turtle numbers represents the number of turtles affected by each form of non-
lethal harm out of the estimated population within the Action Area, 5,108 turtles; these numbers 
are not additive. 

● We anticipate up to 281 turtles (0.4 percent of the population) may be taken in the form 
of harm as a result of being killed by machinery during construction. 

● We anticipate as many as 2,196 turtles (3 percent of the population) found within the 
construction limits may be temporary harmed due to construction disturbance of basking, 
foraging, and nesting activities and fleeing during construction. 

● We anticipate as many as 4,366 turtles (6 percent of the population) found within the 
Action Area may be taken in the form of harm due to the temporary competition for 
reduced basking, foraging, and nesting habitat as turtles are displaced into other areas. 

● We anticipate as many as 3,360 turtles (5 percent of population) found in the improved 
channel and downstream to be harmed due to reduced forage because of temporary 
increased turbidity and sedimentation. 

● We anticipate that collectively the various forms of harassment (e.g., crowding, 
displacement) are individually not likely to result in the harm of turtles but collectively 
they could result in the loss of a portion of the population; this loss is estimated at 1,306 
turtles or 2 percent of the entire population. 

● We anticipate up to 20 turtles would be taken in the form of harassment due to trapping 
and relocation from Crystal Lake into the Pearl River. 

● We estimate that approximately half of the 1,177 potential nests on the 31.4 acres of sand 
bar in the excavation area are successfully transferred resulting in the relocation of 
approximately 2,118 eggs. 

● We anticipate harming approximately 1,600 turtles through the trapping, tagging 
collecting data, tracking, observing and monitoring in the Action Area population 
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The Service anticipates that the Action is reasonably certain to cause incidental take of individual 
ringed map turtle consistent with the definition of harass resulting from weir construction and 
impoundment (see section 6.3.2). 

● We anticipate harm from the temporary loss of 9.5 miles of riverine habitat (2 percent of 
the total range) as velocities would fall below those viewed as suitable for 6 months of 
the year. 

● We anticipate harm due to the approximately 1.6 miles of habitat (0.3 percent of the 
species range) that would experience instability from loss of sediment transport resulting 
in increased sedimentation. 

● We anticipate harm from the loss of 1 mile of riverine habitat (0.2 percent of the total 
range) as velocities would exceed those viewed as suitable for most of the year. 

● We anticipate up to 1,600 turtles over 15 years would be taken in the form of harassment 
due to trapping, tagging, tracking and observing for population and movement studies. 

Anticipated Take of Ringed Map Turtle 

Adverse Action and 
Associated Take Amount or Extent* Life Stage Form of Take 

Trapping, tagging, tracking, 
and observing; temporary 
disturbance and stress 

1,600 individuals Adults and juveniles Harass 

Trapping and relocation; 
temporary disturbance and 
stress 

20 individuals Adults and juveniles Harass 

Construction; temporary 
disturbance of basking, 
foraging, and nesting 
activities and fleeing 

2,196 individuals Adults and juveniles Harm 

Construction; temporary 
competition for reduced 
basking, foraging, and 
nesting habitat 

4,366 individuals Adults and juveniles Harm 

Construction causing a 
temporary increased turbidity 
and sedimentation; decreased 
forage 

3,360 individuals Adults and juveniles Harm 

Construction machinery 
impacts; mortality 281 individuals Adults and juveniles Harm 

Displacement, competition, 
stress, and reduced habitat 
quality; mortality 

1,306 individuals Adults and juveniles Harm 

*Numbers for harm do not represent cumulative numbers but portions of the Action Area 
population impacted by multiple stressor. 
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7.2. Reasonable and Prudent Measures 

The Service believes the following reasonable and prudent measures (RPMs) are necessary or 
appropriate to minimize the impact of incidental take caused by the Action on listed wildlife 
species. RPMs are described for each listed wildlife species in the subsections below. 

7.2.1. Gulf Sturgeon 

RPM 1. The USACE will coordinate with the Service to ensure that completed project plans and 
updates to specific erosion control and off-site stormwater compensation are 
implemented and include comprehensive monitoring and reporting. 

RPM 2. The USACE will coordinate with the Service on a monitoring and adaptive management 
plan for the fish passage channel to assess the use of the structure by Gulf sturgeon and 
other aquatic species. 

RPM 3. Water quality assessment plans would be coordinated with the Service. 

RPM 4: Ensure that the terms and conditions are accomplished and completed as detailed in this 
incidental take statement including the completion of reporting requirements. 

7.2.2. Ringed Map Turtle 

RPM 1 – The USACE will coordinate with the Service on the acquisition, protection, or 
restoration of riverine habitat for ringed map turtle. 

RPM 2 – The USACE will coordinate with the Service on a plan to reduce disturbances and 
predation in recreated nesting and basking areas. 

RPM 3 – The USACE will coordinate with the Service on a filling plan to reduce impacts to 
nesting areas. 

RPM 3 – The USACE will coordinate with the Service on the development of a capture, 
relocation and monitoring plan for ringed map turtles in Crystal Lake. 

RPM 4 – The USACE will coordinate with the Service on the development of a survey and nest 
relocation plan. 

RPM 5 – The USACE shall ensure that all appropriate Project personnel (e.g., inspectors, 
contractors, equipment operators) are fully aware of the reasonable and prudent measures and the 
terms and conditions in this ITS, the conservation recommendations which follow this ITS, and 
of the protection afforded the ringed map turtle under the Endangered Species Act. 

RPM 6 – Work with the USACE to determine the feasibility of reforesting the top bank of the 
fish passage. 
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RPM 7 – The USACE will develop a plan to reduce take associated with erosion control 
measures and excavation activities. 

RPM 8 – See RPM 1 for the Gulf sturgeon. 

RPM 9 – See RPM 3 for the Gulf sturgeon. 

7.3. Terms and Conditions 

In order for the exemption from the take prohibitions of §9(a)(1) and of regulations issued under 
§4(d) of the ESA to apply to the Action, the USACE must comply with the terms and conditions 
(T&Cs) of this statement, provided below, which carry out the RPMs described in the previous 
section. These T&Cs are mandatory. As necessary and appropriate to fulfill this responsibility, 
the USACE must require any permittee, contractor, or grantee to implement these T&Cs through 
enforceable terms that are added to the permit, contract, or grant document. 

7.3.1. Gulf Sturgeon 

T&C 1. RPM 1. A MDEQ approved erosion and sediment control plan will be submitted and 
reviewed by the Service prior to start of construction to assure that potential impacts to 
Gulf sturgeon habitat from sedimentation and turbidity are avoided and minimized to the 
extent practicable. The Service will be contacted immediately if failures occur in erosion 
and sediment control measures occur. 

T&C 2. RPM 2. Monitoring of the area where the weir and fish passage channel would be 
constructed pre- and post–construction for usage by aquatic species, in particular the Gulf 
sturgeon and ringed map turtle. 

T&C 3. RPM 2. Annual post-construction water velocity monitoring would be conducted in and 
around the approaches of the fish passage channel. This assessment would be to evaluate 
if the velocities exceed swim speed of Gulf sturgeon and submitted at year 1, 2, 4, 6, 8, 
and 10. 

T&C 4. RPM 2. An adaptive management plan would be provided to the Service for the fish 
passage channel in the event that monitoring of the passage shows that it is not 
functioning in the manner it was designed to function. 

T&C 5. RPM 3. Basic water quality monitoring would be conducted in the project area and 
downstream of the weir to assess the temperature, turbidity, dissolved oxygen levels, and 
water velocities, and will be submitted at years 1, 2, 4, 6, 8, and 10. 

T&C 6. RPM 4. Upon locating a dead, injured, or sick individual of an endangered or threatened 
species, notification must be made to the Fish and Wildlife Service Law Enforcement 
Office, Jackson, Mississippi at (601) 965-4699 within 24 hours. Additional notification 
to the Fish and Wildlife Service’s Field Office at Jackson, Mississippi at (601) 965-4900 
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within 48 hours will be provided by the USACE. Care should be taken in handling sick 
or injured individuals and in the preservation of specimens in the best possible state for 
later analysis of cause of death or injury. 

T&C 7. RPM 4. A report describing the actions taken to implement the terms and conditions of 
this ITS shall be submitted to the Project Leader, U.S. Fish and Wildlife Service, 6578 
Dogwood View Parkway, Suite A, Jackson, MS 39213-7856, within 60 days of the 
completion of the project. This report shall include the dates of work, assessment, and 
actions taken to address impacts to the ringed map turtle and the Gulf sturgeon, if they 
occurred. 

7.3.2. Ringed Map Turtle 

T&C 1. RPM 1. A proposed land acquisition and management plan will be submitted to the 
Jackson Mississippi Ecological Services Office before construction begins outlining areas 
to be protected for ringed map turtles, how land will be restored if required, identifying 
potential threats to turtle habitat and how such threats will be controlled (i.e. public use, 
predator control, wake zones, etc.), who will oversee land management actions, and how 
lands will be managed in perpetuity. A minimum of 10 river miles would be protected. 
Land acquisition will be prioritized accordingly: 

• Priority 1 – Protect via fee title or conservation easement or similar encumbrance 
privately held lands adjacent to the Pearl River in the upstream portion of the 
Action Area. 

• Priority 2 – Protect via fee title or conservation easement or similar encumbrance 
riverbank (both sides) in that portion of the turtles range north of the Ross Barnett 
Reservoir. 

• Priority 3 - Protect via fee title or conservation easement or similar encumbrance 
riverbank (both sides) south of the weir. 

T&C 2. RPM 2. Monitoring nesting success per Jones 2017; if predation on islands exceeds 73 
percent develop in coordination with the Service a plan to reduce predation. Sufficiently mark 
no wake and no public access areas to ensure compliance, note such areas on project maps, 
kiosks and pamphlets of the area. Monthly enforcement reporting (number of visits, verbal 
warnings, and citations) on restricted areas would be provided to the Service. 

T&C 3. RPM 3. Develop a filling plan in coordination with the Service that would reduce the 
chance of flooding during nesting season. 

T&C 4. RPM 4. Capture per Jones 2017 ringed map turtles from Crystal Lake prior to 
construction. PIT and telemetry tag turtles and track for 3 years to further define habitats used 
and movements throughout the year 

T&C 5. RPM 5. Sandbar surveys inside of the planned construction area(s) every 2-days during 
the nesting season (May 1 – October 3). Surveyed areas would extend 110 feet from the top of 
the Pearl River bank. The purpose of monitoring during construction is to locate newly formed 
nests within the construction area(s) and relocate them to sandbars outside the construction area 
(e.g., Lakeland population) within 36-hours of eggs being laid which will significantly reduce the 
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likelihood of take and predation. Predator guards will be placed on the nests and the nests will 
be monitored. 

T&C 6. RPM 6 and RPM 7. Workers will be given information identifying ringed map turtles 
and stating the need to avoid injury or death to the turtles, their protected status under the ESA, 
and contact information for personnel that would respond to any turtles imperiled. 

T&C 7. RPM 7. During detailed planning determine the feasibility of replanting trees on the top 
bank of the fish passage to improve conditions for ringed back turtles. If feasible such 
restoration would be implemented. 

T&C 8. RPM 7. Upon locating a dead, injured, or sick individual of an endangered or threatened 
species, notification must be made to the Fish and Wildlife Service Law Enforcement Office, 
Jackson, Mississippi at (601) 965-4699 within 24 hours. Additional notification to the Fish and 
Wildlife Service’s Field Office at Jackson, Mississippi at (601) 965-4900 within 48 hours will be 
provided by the U.S. Army Corps of Engineers. Care should be taken in handling sick or injured 
individuals and in the preservation of specimens in the best possible state for later analysis of 
cause of death or injury. 

T&C 9. RPM 7. A report describing the actions taken to implement the terms and conditions of 
this incidental take statement shall be submitted to the Project Leader, U.S. Fish and Wildlife 
Service, 6578 Dogwood View Parkway, Suite A, Jackson, MS 39213-7856, within 60 days of 
the completion of the project. This report shall include the dates of work, assessment, and 
actions taken to address impacts to the ringed map turtle and the Gulf sturgeon, if they occurred. 

T&C 10. RPM 8. Basic water quality monitoring would be conducted in the project area and 
downstream of the weir to assess the temperature, turbidity, dissolved oxygen levels, water 
velocities, pH, conductivity, redox, turbidity, nitrates, phosphorous, and chlorophyll will be 
submitted at years 1, 2, 4, 6, 8, and 10. 

7.4. Monitoring and Reporting Requirements 

In order to monitor the impacts of incidental take, USACE must report the progress of the Action 
and its impact on the species to the Service as specified in the ITS (50 CFR §402.14(i)(3)). This 
section provides the specific instructions for such monitoring and reporting (M&R). As 
necessary and appropriate to fulfill this responsibility, USACE must require any permittee, 
contractor, or grantee to accomplish the monitoring and reporting through enforceable terms that 
are added to the permit, contract, or grant document. Such enforceable terms must include a 
requirement to immediately notify USACE and the Service if the amount or extent of incidental 
take specified in this ITS is exceeded during Action implementation. 

M&R 1- The USACE will conduct a river morphology monitoring plan for the area upstream of 
pool to RM 295 and 1.6 miles downstream of weir and submit to the Service. 

M&R 2- A report will be submitted once the construction phase is finalized which will include: 
• Amount of sand bar habitat created (number, acreage and dimensions of each), 
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• How sand bars will be maintained (i.e. vegetation monitoring and management), 
• How sand bars will be protected (i.e. public use, predator control, wake zones), 

and 
• Amount of basking material remaining, added and location and maintenance plan. 

M&R 2- In coordination with the Service and MDFWP develop a monitoring and analysis plan 
per techniques in Jones 2017 and telemetry for the Channel Improvement Area, Lakeland 
Population, translocation area and downstream of weir; years 1, 2 and 3 post construction and 
then every 5 years for 15 years and determine turtle movements 

8. CONSERVATION RECOMMENDATIONS 

§7(a)(1) of the ESA directs Federal agencies to use their authorities to further the purposes of the 
ESA by conducting conservation programs for the benefit of endangered and threatened species. 
Conservation recommendations are discretionary activities that an action agency may undertake 
to avoid or minimize the adverse effects of a proposed action, implement recovery plans, or 
develop information that is useful for the conservation of listed species. The Service offers the 
following recommendations that are relevant to the listed species addressed in this BO and that 
we believe are consistent with the authorities of the USACE. 

1) Support the future monitoring research efforts for Gulf sturgeon that will be funded 
through the NRDA Deepwater Horizon Ocean Open Trustee Implementation Group 
(TIG) through assisting with the monitoring efforts. 

2) Funding or supporting research/monitoring efforts for Gulf sturgeon around the weir and 
fish passage channel. Place monitoring stations in this area to evaluate whether tagged 
individuals are migrating through the area. 

3) Conduct immediate watershed assessment for future impacts. 
4) Examine operation of the low flow gate to help aid the downstream flow of sediment. 
5) The FDCD will provide an annual operation log of the low flow gate. 
6) The FDCD would work with local governments to restrict water craft access to Hanging 

Moss Creek, Purple Creek, Eubanks Creek, and Town Creek. 
7) FDCD would work with Mississippi Department of Wildlife, Fisheries and Parks to 

restrict the use of hoop nets near nesting beaches. 

9. REINITIATION NOTICE 

Formal consultation for the Action considered in this BO is concluded. Reinitiating consultation 
is required if the USACE retains discretionary involvement or control over the Action (or is 
authorized by law) when: 

a. the amount or extent of incidental take is exceeded; 
b. new information reveals that the Action may affect listed species or designated critical 

habitat in a manner or to an extent not considered in this BO; 
c. the Action is modified in a manner that causes effects to listed species or designated 

critical habitat not considered in this BO; or 
d. a new species is listed or critical habitat designated that the Action may affect. 
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In instances where the amount or extent of incidental take is exceeded, the USACE is required to 
immediately request a reinitiation of formal consultation. 
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IPaC U.S. Fish & Wildlife Service 

IPaC resource list 

This report is an automatically generated list of species and other resources such as critical 

habitat (collectively referred to as trust resources) under the U.S. Fish and Wildlife Service's 

(USFWS) jurisdiction that are known or expected to be on or near the project area referenced 

below. The list may also include trust resources that occur outside of the project area, but 

that could potentially be directly or indirectly a ected by activities in the project area. 

However, determining the likelihood and extent of e ects a project may have on trust 

resources typically requires gathering additional site-speci c (e.g., vegetation/species 

surveys) and project-speci c (e.g., magnitude and timing of proposed activities) information. 

Below is a summary of the project information you provided and contact information for the 

USFWS o ce(s) with jurisdiction in the de ned project area. Please read the introduction to 

each section that follows (Endangered Species, Migratory Birds, USFWS Facilities, and NWI 

Wetlands) for additional information applicable to the trust resources addressed in that 

section. 

Location 
Hinds and Rankin counties, Mississippi 

Local o�ce 

Mississippi Ecological Services Field O ce 

  (601) 965-4900 

  (601) 965-4340 

6578 Dogwood View Parkway, Suite A 

https://ipac.ecosphere.fws.gov/


  Jackson, MS 39213-7856 
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Endangered species 
This resource list is for informational purposes only and does not constitute an analysis 

of project level impacts. 

The primary information used to generate this list is the known or expected range of each 

species. Additional areas of in uence (AOI) for species are also considered. An AOI includes 

areas outside of the species range if the species could be indirectly a ected by activities in 

that area (e.g., placing a dam upstream of a sh population even if that sh does not occur at 

the dam site, may indirectly impact the species by reducing or eliminating water ow 

downstream). Because species can move, and site conditions can change, the species on this 

list are not guaranteed to be found on or near the project area. To fully determine any 

potential e ects to species, additional site-speci c and project-speci c information is often 

required. 

Section 7 of the Endangered Species Act requires Federal agencies to "request of the 

Secretary information whether any species which is listed or proposed to be listed may be 

present in the area of such proposed action" for any project that is conducted, permitted, 

funded, or licensed by any Federal agency. A letter from the local o ce and a species list 

which ful lls this requirement can only be obtained by requesting an o cial species list from 

either the Regulatory Review section in IPaC (see directions below) or from the local eld 

o ce directly. 

For project evaluations that require USFWS concurrence/review, please return to the IPaC 

website and request an o cial species list by doing the following: 

1. Draw the project location and click CONTINUE. 

2. Click DEFINE PROJECT. 

3. Log in (if directed to do so). 

4. Provide a name and description for your project. 

5. Click REQUEST SPECIES LIST. 

1Listed species and their critical habitats are managed by the Ecological Services Program of 

the U.S. Fish and Wildlife Service (USFWS) and the sheries division of the National Oceanic 
2 and Atmospheric Administration (NOAA Fisheries ). 

Species and critical habitats under the sole responsibility of NOAA Fisheries are not shown 

on this list. Please contact NOAA Fisheries for species under their jurisdiction. 

1. Species listed under the Endangered Species Act are threatened or endangered; IPaC also 

shows species that are candidates, or proposed, for listing. See the listing status page for 

more information. IPaC only shows species that are regulated by USFWS (see FAQ). 

https://www.fws.gov/ecological-services/
https://www.fisheries.noaa.gov/topic/consultations/endangered-species-act-consultations
https://www.fisheries.noaa.gov/species-directory/threatened-endangered
https://www.fws.gov/law/endangered-species-act
https://ipac.ecosphere.fws.gov/status/list
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2. NOAA Fisheries, also known as the National Marine Fisheries Service (NMFS), is an o ce 

of the National Oceanic and Atmospheric Administration within the Department of 

Commerce. 

The following species are potentially a ected by activities in this location: 

Mammals 
NAME STATUS 

Northern Long-eared Bat Myotis septentrionalis Threatened 
Wherever found 

No critical habitat has been designated for this species. 

https://ecos.fws.gov/ecp/species/9045 

Reptiles 
NAME STATUS 

Alligator Snapping Turtle Macrochelys temminckii 

Wherever found 

No critical habitat has been designated for this species. 

https://ecos.fws.gov/ecp/species/4658 

Proposed Threatened 

Ringed Map Turtle Graptemys oculifera 

Wherever found 

No critical habitat has been designated for this species. 

https://ecos.fws.gov/ecp/species/2664 

Threatened 

Fishes 
NAME STATUS 

Gulf Sturgeon Acipenser oxyrinchus (=oxyrhynchus) desotoi 

Wherever found 

There is nal critical habitat for this species. Your location 

overlaps the critical habitat. 

https://ecos.fws.gov/ecp/species/651 

Threatened 

Insects 
NAME STATUS 

Monarch Butter y Danaus plexippus 

Wherever found 

No critical habitat has been designated for this species. 

https://ecos.fws.gov/ecp/species/9743 

Candidate 

https://www.fisheries.noaa.gov/
https://ecos.fws.gov/ecp/species/9045
https://ecos.fws.gov/ecp/species/4658
https://ecos.fws.gov/ecp/species/2664
https://ecos.fws.gov/ecp/species/651
https://ecos.fws.gov/ecp/species/9743
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Critical habitats 

Potential e ects to critical habitat(s) in this location must be analyzed along with the 

endangered species themselves. 

This location overlaps the critical habitat for the following species: 

NAME TYPE 

Gulf Sturgeon Acipenser oxyrinchus (=oxyrhynchus) desotoi Final 

https://ecos.fws.gov/ecp/species/651#crithab 

Migratory birds 
Certain birds are protected under the Migratory Bird Treaty Act  and the Bald and Golden 

Eagle Protection Act . 

Any person or organization who plans or conducts activities that may result in impacts to 

migratory birds, eagles, and their habitats should follow appropriate regulations and 

consider implementing appropriate conservation measures, as described below. 

1. The Migratory Birds Treaty Act of 1918. 

2. The Bald and Golden Eagle Protection Act of 1940. 

Additional information can be found using the following links: 

Birds of Conservation Concern https://www.fws.gov/program/migratory-birds/species 

Measures for avoiding and minimizing impacts to birds 

https://www.fws.gov/library/collections/avoiding-and-minimizing-incidental-take-

migratory-birds 

Nationwide conservation measures for birds 

https://www.fws.gov/sites/default/ les/documents/nationwide-standard-conservation-

1 

2 

measures.pdf 

The birds listed below are birds of particular concern either because they occur on the 

USFWS Birds of Conservation Concern (BCC) list or warrant special attention in your 

project location. To learn more about the levels of concern for birds on your list and how 

this list is generated, see the FAQ below. This is not a list of every bird you may nd in this 

location, nor a guarantee that every bird on this list will be found in your project area. To see 

exact locations of where birders and the general public have sighted birds in and around 

your project area, visit the E-bird data mapping tool (Tip: enter your location, desired date 

range and a species on your list). For projects that occur o  the Atlantic Coast, additional 

maps and models detailing the relative occurrence and abundance of bird species on your 

https://www.fws.gov/program/migratory-birds/species
http://ebird.org/ebird/map/
https://ecos.fws.gov/ecp/species/651#crithab
https://www.fws.gov/birds/policies-and-regulations/laws-legislations/migratory-bird-treaty-act.php
https://www.fws.gov/birds/policies-and-regulations/laws-legislations/bald-and-golden-eagle-protection-act.php
https://www.fws.gov/program/migratory-birds/species
https://www.fws.gov/library/collections/avoiding-and-minimizing-incidental-take-migratory-birds
https://www.fws.gov/sites/default/files/documents/nationwide-standard-conservation-measures.pdf
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list are available. Links to additional information about Atlantic Coast birds, and other 

important information about your migratory bird list, including how to properly interpret and 

use your migratory bird report, can be found below. 

For guidance on when to schedule activities or implement avoidance and minimization 

measures to reduce impacts to migratory birds on your list, click on the PROBABILITY OF 

PRESENCE SUMMARY at the top of your list to see when these birds are most likely to be 

present and breeding in your project area. 

NAME BREEDING SEASON 

American Kestrel Falco sparverius paulus Breeds Apr 1 to Aug 31 

This is a Bird of Conservation Concern (BCC) only in particular 

Bird Conservation Regions (BCRs) in the continental USA 

https://ecos.fws.gov/ecp/species/9587 

Bald Eagle Haliaeetus leucocephalus Breeds Sep 1 to Jul 31 

This is not a Bird of Conservation Concern (BCC) in this area, 

but warrants attention because of the Eagle Act or for potential 

susceptibilities in o shore areas from certain types of 

development or activities. 

Brown-headed Nuthatch Sitta pusilla Breeds Mar 1 to Jul 15 

This is a Bird of Conservation Concern (BCC) only in particular 

Bird Conservation Regions (BCRs) in the continental USA 

Cerulean Warbler Dendroica cerulea Breeds Apr 26 to Jul 20 

This is a Bird of Conservation Concern (BCC) throughout its 

range in the continental USA and Alaska. 

https://ecos.fws.gov/ecp/species/2974 

Chimney Swift Chaetura pelagica Breeds Mar 15 to Aug 25 

This is a Bird of Conservation Concern (BCC) throughout its 

range in the continental USA and Alaska. 

Kentucky Warbler Oporornis formosus Breeds Apr 20 to Aug 20 

This is a Bird of Conservation Concern (BCC) throughout its 

range in the continental USA and Alaska. 

King Rail Rallus elegans Breeds May 1 to Sep 5 

This is a Bird of Conservation Concern (BCC) throughout its 

range in the continental USA and Alaska. 

https://ecos.fws.gov/ecp/species/8936 

https://ecos.fws.gov/ecp/species/9587
https://ecos.fws.gov/ecp/species/2974
https://ecos.fws.gov/ecp/species/8936
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Lesser Yellowlegs Tringa �avipes 

This is a Bird of Conservation Concern (BCC) throughout its 

range in the continental USA and Alaska. 

https://ecos.fws.gov/ecp/species/9679 

Breeds elsewhere 

Painted Bunting Passerina ciris Breeds Apr 25 to Aug 15 

This is a Bird of Conservation Concern (BCC) only in particular 

Bird Conservation Regions (BCRs) in the continental USA 

Prairie Warbler Dendroica discolor Breeds May 1 to Jul 31 

This is a Bird of Conservation Concern (BCC) throughout its 

range in the continental USA and Alaska. 

Prothonotary Warbler Protonotaria citrea Breeds Apr 1 to Jul 31 

This is a Bird of Conservation Concern (BCC) throughout its 

range in the continental USA and Alaska. 

Red-headed Woodpecker Melanerpes erythrocephalus Breeds May 10 to Sep 10 

This is a Bird of Conservation Concern (BCC) throughout its 

range in the continental USA and Alaska. 

Rusty Blackbird Euphagus carolinus Breeds elsewhere 

This is a Bird of Conservation Concern (BCC) only in particular 

Bird Conservation Regions (BCRs) in the continental USA 

Willet Tringa semipalmata Breeds Apr 20 to Aug 5 

This is a Bird of Conservation Concern (BCC) throughout its 

range in the continental USA and Alaska. 

Wood Thrush Hylocichla mustelina Breeds May 10 to Aug 31 

This is a Bird of Conservation Concern (BCC) throughout its 

range in the continental USA and Alaska. 

Probability of Presence Summary 

The graphs below provide our best understanding of when birds of concern are most likely 

to be present in your project area. This information can be used to tailor and schedule your 

project activities to avoid or minimize impacts to birds. Please make sure you read and 

understand the FAQ "Proper Interpretation and Use of Your Migratory Bird Report" before 

using or attempting to interpret this report. 

Probability of Presence ( ) 

https://ecos.fws.gov/ecp/species/9679
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Each green bar represents the bird's relative probability of presence in the 10km grid cell(s) 

your project overlaps during a particular week of the year. (A year is represented as 12 4-

week months.) A taller bar indicates a higher probability of species presence. The survey 

e ort (see below) can be used to establish a level of con dence in the presence score. One 

can have higher con dence in the presence score if the corresponding survey e ort is also 

high. 

How is the probability of presence score calculated? The calculation is done in three steps: 

1. The probability of presence for each week is calculated as the number of survey events in 

the week where the species was detected divided by the total number of survey events 

for that week. For example, if in week 12 there were 20 survey events and the Spotted 

Towhee was found in 5 of them, the probability of presence of the Spotted Towhee in 

week 12 is 0.25. 

2. To properly present the pattern of presence across the year, the relative probability of 

presence is calculated. This is the probability of presence divided by the maximum 

probability of presence across all weeks. For example, imagine the probability of 

presence in week 20 for the Spotted Towhee is 0.05, and that the probability of presence 

at week 12 (0.25) is the maximum of any week of the year. The relative probability of 

presence on week 12 is 0.25/0.25 = 1; at week 20 it is 0.05/0.25 = 0.2. 

3. The relative probability of presence calculated in the previous step undergoes a statistical 

conversion so that all possible values fall between 0 and 10, inclusive. This is the 

probability of presence score. 

To see a bar's probability of presence score, simply hover your mouse cursor over the bar. 

Breeding Season ( ) 

Yellow bars denote a very liberal estimate of the time-frame inside which the bird breeds 

across its entire range. If there are no yellow bars shown for a bird, it does not breed in your 

project area. 

Survey E�ort ( ) 

Vertical black lines superimposed on probability of presence bars indicate the number of 

surveys performed for that species in the 10km grid cell(s) your project area overlaps. The 

number of surveys is expressed as a range, for example, 33 to 64 surveys. 

To see a bar's survey e ort range, simply hover your mouse cursor over the bar. 

No Data ( ) 

A week is marked as having no data if there were no survey events for that week. 

Survey Timeframe 

Surveys from only the last 10 years are used in order to ensure delivery of currently relevant 

information. The exception to this is areas o  the Atlantic coast, where bird returns are 

based on all years of available data, since data in these areas is currently much more sparse. 

probability of presence  breeding season  survey e ort  no data 
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Tell me more about conservation measures I can implement to avoid or minimize impacts to migratory 

birds. 

Nationwide Conservation Measures describes measures that can help avoid and minimize impacts to all 

birds at any location year round. Implementation of these measures is particularly important when birds 

are most likely to occur in the project area. When birds may be breeding in the area, identifying the 

locations of any active nests and avoiding their destruction is a very helpful impact minimization measure. 

To see when birds are most likely to occur and be breeding in your project area, view the Probability of 

Presence Summary. Additional measures or permits may be advisable depending on the type of activity 

you are conducting and the type of infrastructure or bird species present on your project site. 

What does IPaC use to generate the list of migratory birds that potentially occur in my speci ed 

location? 

The Migratory Bird Resource List is comprised of USFWS Birds of Conservation Concern (BCC) and other 

species that may warrant special attention in your project location. 

The migratory bird list generated for your project is derived from data provided by the Avian Knowledge 

Network (AKN). The AKN data is based on a growing collection of survey, banding, and citizen science 

datasets and is queried and ltered to return a list of those birds reported as occurring in the 10km grid 

cell(s) which your project intersects, and that have been identi ed as warranting special attention because 

they are a BCC species in that area, an eagle (Eagle Act requirements may apply), or a species that has a 

particular vulnerability to o shore activities or development. 

Again, the Migratory Bird Resource list includes only a subset of birds that may occur in your project area. 

It is not representative of all birds that may occur in your project area. To get a list of all birds potentially 

present in your project area, please visit the Rapid Avian Information Locator (RAIL) Tool. 

What does IPaC use to generate the probability of presence graphs for the migratory birds potentially 

occurring in my speci ed location? 

The probability of presence graphs associated with your migratory bird list are based on data provided by 

the Avian Knowledge Network (AKN). This data is derived from a growing collection of survey, banding, and 

citizen science datasets. 

Probability of presence data is continuously being updated as new and better information becomes 

available. To learn more about how the probability of presence graphs are produced and how to interpret 

them, go the Probability of Presence Summary and then click on the "Tell me about these graphs" link. 

How do I know if a bird is breeding, wintering or migrating in my area? 

https://www.fws.gov/sites/default/files/documents/nationwide-standard-conservation-measures.pdf
https://avianknowledge.net/index.php/beneficial-practices/
https://www.fws.gov/birds/policies-and-regulations/permits.php
https://www.fws.gov/program/migratory-birds/species
http://www.avianknowledge.net/
https://data.pointblue.org/api/v3/annual-summaries-about-data-types.html
https://www.fws.gov/program/eagle-management
https://data.pointblue.org/apps/rail/
https://avianknowledge.net/
https://data.pointblue.org/api/v3/annual-summaries-about-data-types.html
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To see what part of a particular bird's range your project area falls within (i.e. breeding, wintering, 

migrating or year-round), you may query your location using the RAIL Tool and look at the range maps 

provided for birds in your area at the bottom of the pro les provided for each bird in your results. If a bird 

on your migratory bird species list has a breeding season associated with it, if that bird does occur in your 

project area, there may be nests present at some point within the timeframe speci ed. If "Breeds 

elsewhere" is indicated, then the bird likely does not breed in your project area. 

What are the levels of concern for migratory birds? 

Migratory birds delivered through IPaC fall into the following distinct categories of concern: 

1. "BCC Rangewide" birds are Birds of Conservation Concern (BCC) that are of concern throughout their 

range anywhere within the USA (including Hawaii, the Paci c Islands, Puerto Rico, and the Virgin 

Islands); 

2. "BCC - BCR" birds are BCCs that are of concern only in particular Bird Conservation Regions (BCRs) in 

the continental USA; and 

3. "Non-BCC - Vulnerable" birds are not BCC species in your project area, but appear on your list either 

because of the Eagle Act requirements (for eagles) or (for non-eagles) potential susceptibilities in 

o shore areas from certain types of development or activities (e.g. o shore energy development or 

longline shing). 

Although it is important to try to avoid and minimize impacts to all birds, e orts should be made, in 

particular, to avoid and minimize impacts to the birds on this list, especially eagles and BCC species of 

rangewide concern. For more information on conservation measures you can implement to help avoid and 

minimize migratory bird impacts and requirements for eagles, please see the FAQs for these topics. 

Details about birds that are potentially a ected by o shore projects 

For additional details about the relative occurrence and abundance of both individual bird species and 

groups of bird species within your project area o the Atlantic Coast, please visit the Northeast Ocean Data 

Portal. The Portal also o ers data and information about other taxa besides birds that may be helpful to 

you in your project review. Alternately, you may download the bird model results les underlying the portal 

maps through the NOAA NCCOS Integrative Statistical Modeling and Predictive Mapping of Marine Bird 

Distributions and Abundance on the Atlantic Outer Continental Shelf project webpage. 

Bird tracking data can also provide additional details about occurrence and habitat use throughout the 

year, including migration. Models relying on survey data may not include this information. For additional 

information on marine bird tracking data, see the Diving Bird Study and the nanotag studies or contact 

Caleb Spiegel or Pam Loring. 

What if I have eagles on my list? 

If your project has the potential to disturb or kill eagles, you may need to obtain a permit to avoid violating 

the Eagle Act should such impacts occur. 

Proper Interpretation and Use of Your Migratory Bird Report 

The migratory bird list generated is not a list of all birds in your project area, only a subset of birds of 

priority concern. To learn more about how your list is generated, and see options for identifying what 

other birds may be in your project area, please see the FAQ "What does IPaC use to generate the migratory 

birds potentially occurring in my speci ed location". Please be aware this report provides the "probability 

https://data.pointblue.org/apps/rail/
https://www.fws.gov/program/migratory-birds/species
https://www.fws.gov/birds/management/managed-species/bald-and-golden-eagle-information.php
http://www.northeastoceandata.org/data-explorer/?birds
https://coastalscience.noaa.gov/project/statistical-modeling-marine-bird-distributions/
http://www.boem.gov/AT-12-02/
http://www.boem.gov/AT-13-01/
mailto:Caleb_Spiegel@fws.gov
mailto:Pamela_Loring@fws.gov
https://fwsepermits.servicenowservices.com/fws
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of presence" of birds within the 10 km grid cell(s) that overlap your project; not your exact project 

footprint. On the graphs provided, please also look carefully at the survey e ort (indicated by the black 

vertical bar) and for the existence of the "no data" indicator (a red horizontal bar). A high survey e ort is 

the key component. If the survey e ort is high, then the probability of presence score can be viewed as 

more dependable. In contrast, a low survey e ort bar or no data bar means a lack of data and, therefore, a 

lack of certainty about presence of the species. This list is not perfect; it is simply a starting point for 

identifying what birds of concern have the potential to be in your project area, when they might be there, 

and if they might be breeding (which means nests might be present). The list helps you know what to look 

for to con rm presence, and helps guide you in knowing when to implement conservation measures to 

avoid or minimize potential impacts from your project activities, should presence be con rmed. To learn 

more about conservation measures, visit the FAQ "Tell me about conservation measures I can implement 

to avoid or minimize impacts to migratory birds" at the bottom of your migratory bird trust resources 

page. 

Facilities 

National Wildlife Refuge lands 

Any activity proposed on lands managed by the National Wildlife Refuge system must 

undergo a 'Compatibility Determination' conducted by the Refuge. Please contact the 

individual Refuges to discuss any questions or concerns. 

There are no refuge lands at this location. 

Fish hatcheries 

There are no �sh hatcheries at this location. 

Wetlands in the National Wetlands Inventory 

(NWI) 
Impacts to NWI wetlands and other aquatic habitats may be subject to regulation under 

Section 404 of the Clean Water Act, or other State/Federal statutes. 

For more information please contact the Regulatory Program of the local U.S. Army Corps of 

Engineers District. 

http://www.fws.gov/refuges/
http://www.fws.gov/wetlands/
http://www.usace.army.mil/Missions/CivilWorks/RegulatoryProgramandPermits.aspx
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Wetland information is not available at this time 

This can happen when the National Wetlands Inventory (NWI) map service is unavailable, or 

for very large projects that intersect many wetland areas. Try again, or visit the NWI map to 

view wetlands at this location. 

Data limitations 

The Service's objective of mapping wetlands and deepwater habitats is to produce reconnaissance level 

information on the location, type and size of these resources. The maps are prepared from the analysis of 

high altitude imagery. Wetlands are identi ed based on vegetation, visible hydrology and geography. A 

margin of error is inherent in the use of imagery; thus, detailed on-the-ground inspection of any particular 

site may result in revision of the wetland boundaries or classi cation established through image analysis. 

The accuracy of image interpretation depends on the quality of the imagery, the experience of the image 

analysts, the amount and quality of the collateral data and the amount of ground truth veri cation work 

conducted. Metadata should be consulted to determine the date of the source imagery used and any 

mapping problems. 

Wetlands or other mapped features may have changed since the date of the imagery or eld work. There 

may be occasional di erences in polygon boundaries or classi cations between the information depicted 

on the map and the actual conditions on site. 

Data exclusions 

Certain wetland habitats are excluded from the National mapping program because of the limitations of 

aerial imagery as the primary data source used to detect wetlands. These habitats include seagrasses or 

submerged aquatic vegetation that are found in the intertidal and subtidal zones of estuaries and 

nearshore coastal waters. Some deepwater reef communities (coral or tuber cid worm reefs) have also 

been excluded from the inventory. These habitats, because of their depth, go undetected by aerial 

imagery. 

Data precautions 

Federal, state, and local regulatory agencies with jurisdiction over wetlands may de ne and describe 

wetlands in a di erent manner than that used in this inventory. There is no attempt, in either the design or 

products of this inventory, to de ne the limits of proprietary jurisdiction of any Federal, state, or local 

government or to establish the geographical scope of the regulatory programs of government agencies. 

Persons intending to engage in activities involving modi cations within or adjacent to wetland areas should 

seek the advice of appropriate Federal, state, or local agencies concerning speci ed agency regulatory 

programs and proprietary jurisdictions that may a ect such activities. 

https://www.fws.gov/wetlands/data/mapper.HTML


 
 

            
   
           

          
            

           

 
 

 
 

 
 

  
  

From: Campbell, Tamara N 
To: Gilmore, Tammy F CIV USARMY CEMVN (USA) 
Subject: [Non-DoD Source] Re: [EXTERNAL] One Lake T&E IPaC list 
Date: Tuesday, March 21, 2023 1:57:32 PM 

Tammy, 

The wood stork was removed from MS's consultation zone late last year.  Currently, it is proposed 
for delisting with pending review and decision.  Therefore, you do not need to consult on the wood 
stork. 

As a candidate species, there are no legal regulations for the monarch butterfy under the Endangered 
Species Act. Any work to conserve the monarch can be included in a Candidate Conservation Program, 
which is considered during lising decisions. There may be future ofcial regulations if the monarch is re-
evaluated and the USFWS fnds that lising is warranted. The monarch may be prioritized in the 2024 
workplan at which time, it could be proposed for lising. Currently, it is warranted, but precluded by other 
priorities. 

Both the Pearl River map turtle and alligator snapping turtle were warranted, and proposed for lising. 

Is that information helpful? 

Sincerely, 

TC 

Tamara Campbell 
Fish & Wildlife Biologist 
U.S. Fish and Wildlife Service 
6578 Dogwood View Parkway 
Jackson, MS 39213 
Office: (601) 321-1138 
Email: tamara_campbell@fws.gov 
NOTE: This email correspondence and any attachments to and from this sender is subject to the 
Freedom of Information Act (FOIA) and may be disclosed to third parties. 

From: Gilmore, Tammy F CIV USARMY CEMVN (USA) <Tammy.F.Gilmore@usace.army.mil> 
Sent: Tuesday, March 21, 2023 12:03 PM 
To: Campbell, Tamara N <tamara_campbell@fws.gov> 
Subject: [EXTERNAL] One Lake T&E IPaC list 

This email has been received from outside of DOI - Use caution before clicking on 
links, opening attachments, or responding. 

Good afternoon Tamara, 

mailto:tamara_campbell@fws.gov
mailto:Tammy.F.Gilmore@usace.army.mil
mailto:tamara_campbell@fws.gov
mailto:tamara_campbell@fws.gov
mailto:Tammy.F.Gilmore@usace.army.mil


 
 

 

 

 
 

 

 

 

I am working on getting the BA in the correct format and including the necessary information.  The 
2018 BA covered the threatened Gulf sturgeon, the threatened Ringed Sawback (Map) Turtle, the 
threatened Northern longeared bat and the threatened Wood stork.  The Service suggested we re-
consult on the NLEB (due to up-listing), and conference on the Pearl River map turtle and the 
alligator snapping turtle as well as conduct additional analysis on the GS. 

The attached IPaC search (using the action area from the previous BO) generated a list that doesn’t 
include the wood stork (previously consulted on) and does include the Monarch butterfly (not 
previously recommended). 

Can you please confirm which species you expect to be included in the current BA? 

Thank you 

Tammy Gilmore 
Biologist/Senior NEPA Specialist 
USACE New Orleans District- RPEDS 
7400 Leake Ave 
New Orleans LA 70118 
504-862-1002 
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From: Wagner, Matthew D 
To: Gilmore, Tammy F CIV USARMY CEMVN (USA); Campbell, Tamara N; Pearson, Luke S 
Cc: Austin, James A; Lombardi, Melissa D 
Subject: [URL Verdict: Neutral][Non-DoD Source] New Mussel Species to Consider 
Date: Monday, April 10, 2023 8:22:13 AM 
Attachments: image001.png 

image002.png 

Tammy, 

On March 20, 2023, the Service proposed to list the Louisiana Pigtoe as a threatened species under the ESA and designate critical 
habitat (https://www.federalregister.gov/documents/2023/03/20/2023-05107/endangered-and-threatened-wildlife-and-plants-endangered-species-status-with-critical-habitat-for). At the time 
of listing the Louisiana Pigtoe was not known to occur in the Pearl River upstream of Angie, Louisiana (toe of the boot). However, biologists from Mississippi Department of Wildlife, 
Fisheries, and Parks recently completed a mussel survey of the entire Pearl River and collected individuals from the Pearl River below Ross Barnett Reservoir that were morphologically 
identified as Louisiana Pigtoe. As this species is hard to distinguish from two other mussel species found in the system, the specimens were sent to a geneticist with the USGS Wetland and 
Aquatic Research Center in Gainesville, Florida for genetic confirmation. The results of this study were submitted to a peer reviewed journal for publication on 3/16/2023. Our unpublished 
results confirmed the MDWFP identification as Louisiana Pigtoe. Additionally, two additional individuals were identified as Louisiana Pigtoe in the historical shell collections at the 
Mississippi Museum of Natural Science using the genetically confirmed specimens as reference. We expect the MDWFP will submit a public comment on the proposed listing rule during 
the public comment period that ends May 19, 2023, stating the records below Ross Barnett Reservoir should be considered in the assessment of critical habitat. 

I’ve included a map of the Louisiana Pigtoe records relevant to the project action area below. Given the confirmed identifications and occurrence records, it would be prudent and 
appropriate to assume presence of Louisiana Pigtoe in the action area. We do not have estimates for the number of individuals that may occur in the action area as all the work has been 
qualitative. However, additional quantitative data may be available in June, which may be applicable to the action area. 

Impacts to Louisiana Pigtoe as a result of the project are expected to occur. Dredging of the river will cause take of Louisiana Pigtoe in the action area, as mussels cannot move out of the 
way (see direct mortality section in the linked rule). Additionally, the species does not survive in still or low flow environments, so it would likely not persist or recolonize if the weir is 
constructed (see altered hydrology section in the linked rule). Additionally, if a weir is constructed the resulting reservoir will fragment the habitat and isolate the population (see habitat 
fragmentation section in the linked rule). 

Potential conservation measures (or RPMs) for Louisiana Pigtoe may include: 
Relocation of mussels to suitable habitat outside of the action area prior to dredging or inundation. 
Creation of shoal habitat outside of the action area in an area with flow 

Although the action area does not occur in proposed critical habitat units, we wanted to provide information regarding proposed critical habitat for Louisiana Pigtoe. The proposed critical 
habitat includes only the Pearl River south of Bogalusa (see below map from the proposed rule). We expect the Mississippi Department of Wildlife, Fisheries, and Parks will submit their 
data as new information during the public comment period on the proposed rule to be considered for the final critical habitat. The statutory deadline for the final listing rule and critical 
habitat designation is March 2024. 

mailto:matthew_wagner@fws.gov
mailto:Tammy.F.Gilmore@usace.army.mil
mailto:tamara_campbell@fws.gov
mailto:luke_pearson@fws.gov
mailto:james_austin@fws.gov
mailto:melissa_lombardi@fws.gov
blockedhttps://www.federalregister.gov/documents/2023/03/20/2023-05107/endangered-and-threatened-wildlife-and-plants-endangered-species-status-with-critical-habitat-for
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If you need additional information or just need to discuss with me feel free to reach out. I look forward to further coordination and partnership as we move ahead with this 
project. 

Thanks, 

Matthew D. Wagner 
Fish and Wildlife Biologist 
U.S. Fish and Wildlife Service 
Mississippi Ecological Services Field Office 
6578 Dogwood View Parkway 
Jackson, MS 39213 
Cell: 610-763-9074 
Office: 601-321-1130 
Email: matthew_wagner@fws.gov 
NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act (FOIA) and may be disclosed to third parties. 

mailto:Matthew_wagner@fws.gov
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DISCLAIMER PAGE

Recoveryplans delineate reasonableactionswhicharebelievedto be requiredto recoverand/or
protect listed species. Plans arepublishedby the U.S. Fish and Wildlife Service and the
NationalMarine Fisheries Service, sometimespreparedwith theassistanceof recoveryteams,
contractors,stateagencies,andothers. Objectiveswill be attainedand anynecessaryfunds
made availablesubjectto budgetary andotherconstraintsaffectingtheparties involved,aswell
as the needto addressotherpriorities. Recoveryplansdo not necessarilyrepresentthe views
nor the official positions or approval of any individuals or agenciesinvolved in the plan
formulation, otherthanthe U.S. Fish andWildlife Serviceand the National MarineFisheries
Service. They representthe official position of the U.S. Fish andWildlife Serviceand the
NationalMarineFisheriesServiceonly afterthey have beensignedby the RegionalDirectorof
the FishandWildlife Serviceand the AssistantDirector for Fisheriesof theNationalMarine
FisheriesServiceas~ Approvedrecovery plans aresubjectto modificationas dictated
by newfindings, changesin speciesstatus, andthe completionof recovery tasks.
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EXECUTIVE SUMMARY

CurrentSpeciesStatus:The currentpopulationlevels of Gulf sturgeonin riversotherthan the
SuwanneeandApalachicola areunknown,but are thoughtto be reducedfrom historic levels.
Historically, the subspeciesoccurredin most major rivers from the MississippiRiver to the
SuwanneeRiver, andmarinewatersof thecentral and easternGulf of Mexico to Florida Bay.

Habitat RequirementsandLimiting Factors:The Gulf sturgeonis an anadromousfish which
migratesfrom salt waterinto large coastalrivers to spawnand spendthe warm months. The
majority of its life is spentin freshwater. Major populationlimiting factors are thoughtto
includebarriers(dams)to historical spawninghabitats,lossof habitat,poorw~ter quality, and
overfishing.

Recovery Objectives:The short-term recovery objective is to prevent further reductionof
existing wild populationsof Gulf sturgeon. Thelong-term recovery objectiveis to establish
populationlevels thatwould allow delistingof theGulf sturgeonin discretemanagementunits.
Gulf sturgeonin discretemanagementunits could be delistedby 2023, if the requiredcriteria
are met. Following delisting, a long-term fishery managementobjective is to establishself
sustainingpopulationsthatcouldwithstanddirectedfishingpressurewithin discretemanagement
units.

Recovery Criteria: The short-term recoveryobjective will be considered achievedfor a
managementunit when thecatch-per-unit-effort(CPUE)duringmonitoringis notdeclining from
the baselinelevel overa 3 to 5-yearperiod. This objectivewill applyto all management units
within the rangeof the subspecies. Managementunits will be definedusing an ecosystem
approachbasedon river drainages,butmay alsoincorporategeneticaffinities amongpopulations
in differentriver drainages. Baselines willbe determinedby fishery independentCPUElevels.

The long-termrecoveryobjectivewill be consideredachievedfor a managementunit whenthe
populationis demonstratedto be self-sustainingand efforts areunderway to restore lostor
degradedhabitat. A self-sustainingpopulationis one in which the averagerate of natural
recruitmentis at leastequal to the averagemortality rate in a 12-yearperiod. While this
objectivewill be soughtfor all managementunits, it is recognizedthat it maynot be achievable
for all managementunits. The long-term fishery managementobjective will be considered
attainedfor agivenmanagementUnit whena sustainableyield canbe achieved whilemaintaining
a stablepopulationthroughnatural recruitment. Note that the objective is not necessarilythe
openingof a managementunit to fishing, but rather the developmentof a populationthatcan
sustaina fishery. Openinga populationto fishing will be at the discretionof state(s)within
whosejurisdiction(s)the managementunit occurs. As with the long-termrecoveryobjective,
this objective maynot be achievablefor all managementunits, but will be soughtfor all units.
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overfishing. • ' ' 

Recovery Objectives: The short-term recovery objective is to prevent further reduction of 
existing wild populations of Gulf sturgeon. The long-term recovery objective is to establish 
population levels that would allow delisting of the Gulf sturgeon in discrete management units. 
Gulf sturgeon in discrete management units could be delisted by 2023, if the required criteria 
are met. Following delisting, a long-term fishery management objective is to establish self
sustaining populations that could withstand directed fishing pressure within <;liscrete management 
units. 

Recovery Criteria: The short-term recovery objective will be considered achieved for a 
management unit when the catch-per-unit-effort (CPUE) during monitoring is not declining from 
the baseline level over a 3 to 5-year period. This objective will apply to all management units 
within the range of the subspecies. Management units will be defined using an ecosystem 
approach based on river drainages, but may also incorporate genetic affinities among populations 
in different river drainages. Baselines will be determined by fishery independent CPUE levels. 

The long-term recovery objective will be considered achieved for a management unit when the 
population is demonstrated to be self-sustaining and efforts are underway to restore lost or 
degraded habitat. A self-sustaining population is one in which the average rate of natural 
recruitment is at least equal to the average mortality rate in a 12-year period. While this 
objective will be sought for all management units, it is recognized that it may not be achievable 
for all management units. The long-term fishery management objective will be considered 
attained for a given management unit when a sustainable yield can be achieved while maintaining 
a stable population through natural recruitment. Note that the objective is not necessarily the 
opening of a management unit to fishing, but rather the development of a population that can 
sustain a fishery. Opening a population to fishing will be at the discretion of state(s) within 
whose jurisdiction(s) the management unit occurs. As with the long-term recovery objective, 
this objective may not be achievable for all management units, but will be sought for all units. 
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EXECUTIVE SUMMARY (continued)

Priority 1 Recovery Tasks

:

1. Develop and implementstandardizedpopulationsamplingand monitoring techniques
(1.3.1).

2. Develop and implement regulatory framework to eliminate introductions of non-
indigenousstockor othersturgeonspecies(2.5.3).

3. Reduceor eliminate incidentalmortality (2.1.2).

4. Restorethe benefitsof natural riverine habitats(2.4.5).

5. Utilize existing authoritiesto protect habitat and whereinadequate, recommendnew laws

andregulations(2.3.1).

Costs($O00’s) of Priority 1 Tasks

:

Year Action 1 Action 2 Action 3 Action 4 Action 5
FYi 59 0 125 26 29
FY2 73 25 125 48 29
FY3 114 0 125 48 29
FY4 108 0 75 31 29
FY5 108 0 25 0 0

Cost of No. 1 Priority Actions: $1,231,000
Actual restorationcostsundetermined

Total Costof Recovery:$8,413,000

Date of Recovery: Delisting should be initiated by 2023, for management units whererecovery
criteria have been met.
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SUMMARY (continued) 

Priority 1 Recovery Tasks: 

1. Develop and implement standardiz.ed population sampling and monitoring techniques 
(1.3.1). 

2. Develop and implement regulatory framework to eliminate introductions of non-
indigenous stock or other sturgeon species (2.5.3). 

3. Reduce or eliminate incidental mortality (2.1.2). 

4. Restore the benefits of natural riverine habitats (2. 4. 5). 

5. Utilize existing authorities to protect habitat and where inadequate, recommend new laws 
and regulations (2.3.1). 

Costs {$QOO's} of Priority 1 Tasks: 

Year - Action 1 Action 2 
FY 1 59 0 
FY2 73 25 
FY 3 114 0 
FY4 108 0 
FY 5 108 0 

Cost of No. 1 Priority Actions: $1,231,000 
• Acrual restoration costs undetermined 

Total Cost of Recovery: $8,413,000 

Action 3 Action 4• Action 5 
125 26 29 
125 48 29 
125 48 29 
15 31 29 
25 0 0 

Date of Recovery: Delisting should be initiated by 2023, for management units where recovery 
criteria have been met. 
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PREFACE

The U.S. Fish and Wildlife Service (FWS) and NationalMarine FisheriesService(NMFS)
jointly listed the Gulf sturgeon as threatened under the authority of the Endangered Species Act
of 1973, as amended (ESA).

The FWSprepared a Report on the Conservation Status of the Gulf of Mexico Sturgeon
AciDenseroxvrhinclwsdesotoiin 1988 as a precursor to the listing process. The Gulf States
Marine FisheriesCommission(GSMFC) beganan initiative in late 1990 to draft a fishery
management plan for the Gulf sturgeon. The drafting team (ad hoc subcommittee of the
GSMFCTechnical CoordinatingCommittee,AnadromousFish Subcommittee), on October 1,
1991, in response to the listing, took action to draft a management/recovery plan. This plan
meetstherequirementsof a fisheriesmanagementplanasoriginally begun by the GSMFC,as
well as the requirements associated with an Endangered Species Act recovery plan. The plan
incorporates the format that has become standard in federal endangered and threatened species
recovery plans in recent years. The FWSpublished a “Framework for the Management and
Conservation of Paddlefishand SturgeonSpeciesin the United States” in March 1993. This
document resulted from a workshop sponsored by the FWSthat was attended by representatives
of other federal agencies, the states, the private aquaculture community, and academia in January
1992. This recovery plan is consistent with the framework document,and in essence,steps
down the recommendations and strategiescontained therein.

The plan is intended to serve as a guide that delineates and schedules those actions believed
necessary to restore the Gulf sturgeon as a viable self-sustaining element of its ecosystem. Some
of the tasks described in the plan are ongoing by the FWS, GSMFC,NBS, and the states of
Louisiana, Mississippi, Alabama, and Florida. The inclusion of these ongoing tasks represents
an awareness of their importance, and offers support for their continuation. Becauseof this
ongoing research on the subspecies, the plan incorporates personal communications and
unpublished data.
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I. INTRODUCTION

NOMENCLATURE

The scientificnamefor Atlantic sturgeonis AcipenseroxyrinchusMitchill. This speciesconsists
of two geographically disjunct subspecies: the Gulf sturgeon, Acipenseroxyrinchusdesotoi,
which inhabits the Gulf of Mexico watersheds,and the Atlantic coast subspecies, Acipenser
oxyrinchusoxyrinchus.

Gilbert (1992) discovered that the species name of the Atlantic sturgeonhasbeen“...misspeiled
for over one hundred y.....” as oxyrhynclwsrather than oxyrinchus. Consequently, based on
the rules of zoological nomenclature, oxyrinchusis usedthroughoutthis plan.

Other colloquial names, in addition to Gulf sturgeon, are: Gulf of Mexico sturgeon,Atlantic

sturgeon, commonsturgeon and sea sturgeon.

TAXONOMY

Class: Osteichthyes
Order: Acipenseriformes

Family: Acipenseridae
Genus: Acipenser

Species: oxyrinchus
Subspecies: desotoi

Type Specimens

The holotype was collected from the mouth of Singing River (West Pascagoula River) in
Mississippi Sound off Gautier, Mississippi and is housed in the U.S. National Museum of
Natural History, Washington, DC. The paratype was collected with the hototype and is
depositedin the ChicagoNatural History Museum (Vladykov1955).

CurrentTaxonomic Treatment

The Gulf sturgeonis a memberof thefamily Acipenseridaewhich inhabitsthe Atlantic, Gulf,
Pacific and certainfreshwatersof theUnited States(Ginsburg1952). The family includesfive
membersof the genusAcipenser,and threemembersof thegenusScaphirhynchus.

Other sturgeon likely to be found in the same waters with Gulf sturgeon include the pallid
sturgeon, Scaphirhynchusalbus, the shovelnose sturgeon, S. platorynclzus,and Alabama sturgeon
S. suttkusi (Rafinesque 1820; Forbes and Richardson 1908; Williams and Clemmer 1991).
Scaphirhynchusare freshwatersturgeonthat are native to the Mississippi and Mobile River
systems. They formerly occurred in the upper Rio Grande River in New Mexico, but have not
been recorded since 1874 (Lee et al., 1980). The fish are characterized by a flattened shovel-
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shaped snout and are easily distinguished from Gulf sturgeon. Acipenseroxynnchusdesotoiis
the only anadromous sturgeon occurring in the Gulf of Mexico.

Based on morphometrics, Wooley (1985) concludedthatA. o. deso:oiis a valid subspecies.
Bowen and Avise (1990) analyzed the genetic structureof Atlantic andGulf sturgeonusing
mitochondrial DNA(mtDNA) restrictionfragmentlengthpolymorphismanalysis,andpostulated
that relatively recentgenetic contacthadoccurredbetween the two regions because of several
shared mtDNA clones and clonal arrays. However, Ong et al. (manuscript submitted) used
direct sequence analysis of the mtDNA control region and found three fixed nucleotidesite
differences between A. oxynnchusfrom the Atlantic and Gulf coasts. They concluded that
subspeciflc divisions are warranted for A. oxyrinchus,based on fixed genetic differences between
the forms, their allopatric distributions, and their morphometric and life history differences.
Ong et al. also postulatedthat their data, and those of Bowen and Avise (1990), indicate that the
reproductive isolation between A. o. desotoiand A. a. oxyrinchusoccurred because of climatic
fluctuations in the Pleistocenein conjunctionwith related changesin the size of the Florida
peninsula. Further, they noted that even if the two subspecies occasionally mix in ocean waters,
the finding of fixed genetic differences between them suggests that homing fidelity is high in A.
oxyrinchus.

STATUS

The U.S. Fish and Wildlife Service(FWS) and NationalMarine FisheriesService(NMFS)
designated theGulf sturgeonto be athreatened subspecies,pursuantto theEndangered Species
Act of 1973, as amended (ESA). The listing became official on September 30, 1991. As part
of the listing, a special rule was promulgated to allow taking of the subspecies for educational
purposes, scientificpurposes, the enhancement of propagation or survival of the subspecies,
zoological exhibition, and other conservation purposes consistent with the ESA. The special rule
will allow conservation andrecovery activitiesfor Gulf sturgeonto be accomplished without a
federal permit, provided theactivitiesarein compliance with applicable state laws (FWS 199 La).

DESCRIPTION

Gulf sturgeon are anadromous fish with a sub-cylindrical body imbedded with bony plates or
scutes. The snout is greatly extended and bladelike with four fleshy barbels in front of the
mouth, which is protractile on the lower surface of the head. The upper lobe of the tail is longer
than the lower lobe (Figure 1). The subspecies is light brown te dark brown in color and pale
underneath (Vladykov 1955; Vladykov and Greeley 1963).

Characteristics common to both subspecies, A. a. oxyrinchus and A. a. desotoi are: Scutes
strongly developed in longitudinal rows; 7 to 13 (average 9.8) dorsal shields; 24 to 35 (average
28.7) lateral shields behind dorsal fin in pairs; elongated fulcrum at base of lower caudal lobe
decidedly longer than base of anal fin; head elongate; snout longer than postorbital distance in
individuals up to 95.0cm (38.0 in), but shorter than postorbital distance in older specimens
(Vladykov and Greeley 1963).
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The most significantmorphologicalcharacteristicto distinguishA. o. oxyrinchus from A. o.
deso:oiis the lengthof the spleen.Wooley (1985) found A. o. desotoispecimenshada mean
spleenlength versus fork length measurementof 12.3% (range7.9 to 15.8%, SD2.5, r =

0.212). Acipensero. oxyrinchusspecimenshada meanspleen length versusfork length (FL)
measurementof 5.7% (range2.8 to 8.3%, SD 1.8, r = 0.121) for a statistically significant
difference (P = 0.05) and minimal overlap. He concludedthatGulf sturgeonand Atlantic
sturgeon populations areallopatric andaresufficiently discreteto be considereddistinct stocks
for sturgeonpopulationmanagement.

POPULATION SIZE AND DISTRIBUTION

Accordingto Wooley andCrateau(1985)Gulf sturgeon occurredin most major river systems
from theMississippiRiver to theSuwannee River,Floridaand in marinewatersof theCentral
and Ea4ernGulf of Mexico south to Florida Bay (Figure 2). Comparisonof historic
information and current data indicates that Gulf sturgeon populations are reduced from historic
levels (Barkuboo 1988). At present,Gulf sturgeon populationestimatesareunknownthroughout
its range; however, estimates have been completedfor the Apalachicolaand Suwanneerivers.

Extant Occurrences of Gulf Sturgeon

Offshore

A Gulf sturgeon was caught on hook and line in 1965 by Dianne Cox, a FWSemployee. The
45.7-cm(18-in) Gulf sturgeonwascaughtin theGulf of Mexico, 1.6 to 3.2 km(1 to 2 mi) east
of Galveston Islandin 6.1 m (20 ft) of water(Reynolds 1993).

The incidentalcatchof Gulf sturgeonin the industrialbottomfish(petfood)fishery in the north-
central Gulf of Mexico from 1959 to 1963 was reported by Roithmayr (1965), basedon the
documentation of one juvenile specimen. The bottomfish fishery worked an area between Point
au Fer, LouisianaandPerdidoBay, Floridafrom shoreto 55 in (180ft).

Figure 1: Gulf sturgeonAcipenseroxynnchusdesotoi(from Bigelow etAl., 1963)
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Figure2: Rangeof theGulf Sturgeon

Mermantau River Basin

MermantauRiver: The LouisianaDepartmentof Wildlife andFisheries (1979)reportedthat
an Atlantic sturgeonwascaughtby a Mr. HughMhire in an ottertrawl while shrimpingin the
Gulf off the mouth of the Mermentau River, Cameron Parish. This specimen was probably a
Gulf sturgeon.

Mississippi River Basin

A photographof a “sea” sturgeon captured at the mouth of the Mississippi River was shown in
Fishes andFishing in Louisiana(1965). Reynolds(1993) reportedthat a sturgeon measuring
282 cm (111.0in) and weighing 228.2 kg (503.0Ib) was caughtat themouthof theMississippi
River at Cow Horn Reef in September of 1936.

MississippiRiver: A Gulf sturgeonwas caughtby a commercial fishermanin the auxiliary
outflow channel betweenriver km 500.3 (river mi 311.0)of theMississippiRiver andriver km
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Mennantau River Basin 

Mennantau River: The Louisiana Department of Wildlife and Fisheries (1979) reported that 
an Atlantic sturgeon was caught by a Mr. Hugh Mhire in an otter trawl while shrimping in the 
Gulf off the mouth of the Mermentau River. Cameron Parish. This specimen was probably a 
Gulf sturgeon. 

Mississippi River Basin 

A photograph of a "sea" sturgeon captured at the mouth of the Mississippi River was shown in 
Fishes and Fishing in Louisiana (1965). Reynolds (1993) reported that a sturgeon measuring 
282 cm (111.0 in) and weighing 228.2 kg (503.0 lb) was caught at the mouth of the Mississippi 
River at Cow Hom Reef in September of 1936. 

Mississippi River: A Gulf sturgeon was caught by a commercial fisherman in the auxiliary 
outflow channel between river km 500.3 (river mi 311.0) of the Mississippi River and river km 
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16.09 (river mi 10.0) of the Red River on March 28, 1994 (G. Constant, personal
communication). The Gulf sturgeonweighed 28.8kg (63.5 lb) andwas 151.~ cm(59.5 in)
length andwas caughtin a 1.2 m (4.0 ft) hoop net.

Lake Pontchartrain Basin

Lake Pontchartram/LakeBorgne/Rigolets:The Louisiana Department of Wildlife and
Fisheries (LDWF) collectedtwelve Gulf sturgeonweighing 0.22to 9 kg (0.5 to 19.8 lb) April
throughJuneof 1993(H. Rogillio, personalcommunication).Duringastudyfrom January1990
to March 1993, LDWF collectedandtagged19 Gulf sturgeonweighing0.25 to 14.5kg (0.6to
32.0 IbY from Lake Pontchartrain, Lake Borgne, and the Rigolets (Rogillio1993). Commercial •~

and sport fishermen incidentallycaught177 Gulf sturgeon measuringup to 220.0cm(86.6 in)
in length and weighing from 1.0 to 68.0 kg (2.2 to 149.9 Ib) from Lake Pontchartrainfrom
October 1991 to September 1992 (Rogillio 1993). Reynolds(1993) reportedthat sturgeon
measuringup to 220.0cm (86.6 in) in length andweighing upto 117.3 kg (258.0 lb) were
incidentally caught by shrimp trawlers, netters and recreational anglers from 1989 to 1993 in
Lake Pontchartrain. A specimen weighing 53.6 kg (118 Ibs) was caughtby a hook-and-line
fisherman in 1986 (Sentry News 1986). Davis et al. (1970) reportedthat sturgeonwere
collected from Lake Ponchartrain during an anadromous fish survey from 1966 to 1969.

Tchefuncte River: Commercial gillnetters incidentally caught 15 Gulfsturgeonweighing
from 1.0 to 18.0 kg (2.2 to 39.7 lb) between February and March 1991 in themouthof
the river (H. Rogillio, personalcommunication). Davis et al. (1970) reportedthat Gulf
sturgeon were collected in trammel nets from the Tchefuncte Riverduringan anadromous
fish survey conducted from 1966 to 1969.

Tickfaw River: Davis et al. (1970) reported the collectionof sturgeonin trammelnets
from the Tickfaw River during an anadromousfish survey from 1966 to 1969.

Tangipahoa River: Davis et al. (1970) reported that sturgeon were collected in trammel
netsfrom theTangipahoaRiver during an anadromousfish surveyfrom 1966to 1969.

Amite River: Davis et al. (1970)reported catchofasturgeonby acommercialfisherman
from the Amite River. Identification of the fish was confirmed by the fisheries biologists
with the Louisiana Wild Life (sic) and FisheriesCommissionwho were conductingan
anadromousfish survey.

Pearl River:EsherandBradshaw (1988) andBradshaw (personal communication)gill
netteda Gulfsturgeonin May 1988 in the lowerPearlRiver. Sixty-threeGulf sturgeon
ranging from juvenile to subadultsize were collectedfrom river mile 20 of the Pearl
Riverin 1985 (F. Petzold, personalcommunication).A 72.7 kg (160.3Ib) femaleGulf
sturgeon wascaughtjust southof Jackson, Mississippi in1984 by Miranda andJackson
(1987). The FWS donated aGulf sturgeoncaughtby a commercialfishermanin the
Pearl River at Monticelloto theMississippiMuseumof NaturalScienceFishCollection
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from the Amite River. Identification of the fish was confirmed by the fisheries biologists 
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Pearl River: Esher and Bradshaw (1988) and Bradshaw (personal communication) gill 
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sturgeon was caught just south of Jackson, Mississippi in 1984 by Miranda and Jackson 
( 1987). The FWS donated a Gulf sturgeon caught by a commercial fisherman in the 
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(MMNS 20206)in 1982(C. Knight, personalcommunication;W. McDearman,personal
communication). TheMDWFP measuredand photographeda 119.0kg (263.0lb~ Gulf
sturgeon,2.2 m (7.25 ft) in length taken by a commercialfishermanbelow the Ross
Barnett Reservoir spillway in 1976 (W. McDearman, personalcommunication).
McDearman andStewart(personal communication)also note that in the Pearl River
betweenGeorgetown andMonticello, Mississippi,there is an areawhere2 to 3 Gulf
sturgeon areroutinely reportedby commercialfishermanevery4 to 5 years. In 1971
a Gulf sturgeonfrom the Pearl River was examinedas part of a parasitestudy (N.
Jordan, personal communication). Davis et al. (1970) reported the catchof Gulf
sturgeonin hoop netsfrom the PearlRiver at Highway 90 during an anadromousfish
survey from 1966 to 1969. The Gulf sturgeonrangedin sizefrom LS.2 cm (6.0 in) to
187.9 cm(74.0 in).

Middle Pearl River: Two Gulf sturgeonwerecollectedin theMiddle WestPearl
River, St. Tammy Parish,Louisiana,one on March 1, 1995, and the otheron
March 2, 1995, by the U.S. Army Corpsof Engineers, Waterways Experiment
Station (WES). The Gulf sturgeon were collectedin gill nets and the first
sturgeoncaughtweighed 0.28kg (0.62 lb) and measured36.2 cm(14.3 in) in
total length. ThesecondGulf sturgeon weighed0.28kg (0.62 Ib) andmeasured
43.5cm (17.1 in) in total length. Both fish weretaggedwith Peterson discs and
released (M. Chan, personal communication).

Louisiana Departmentof Wildlife and Fisheries personnelcollected 77 Gulf
sturgeonfrom the west MiddlePearl River in 1994 (H. Rogiuio, personal
communication). Thefish rangedin lengthfrom 45.7 to 165.1 cm (18to 65 in).
Themajority of the fish (84percent)rangedin lengthfrom 74.0to 114.3cm (29
to 45 in). TheLDWF also collected14 Gulf sturgeon weighing1.5 to 14.5kg
(3.3 to 32 Ib) in the Middleandwest MiddlePearl Riverfrom June1992 through
June1993 (H. Rogillio, personalcommunication).Two of those specimenswere
taggedwith radio tags. TheLDWF also collected 13 Gulf sturgeonweighing
0.27 to 4.3 kg (0.6 to 9.5 Ib) in the Middle PearlRiver (Drunihole) from April
to May 1992 (Rogillio 1993). Commercialfishermencaughtone Gulf sturgeon
weighing45.0 kg (99.2 lb) in the Middle Pearl Riverin February1991.

BogueChitto: ThreeGulf sturgeonwere also capturedby LDWF in the Bogue
Chitto River below theBogue Chitto sill in 1993. The Gulf sturgeon weighed
from 2.9 to 4.5 kg (6.5 to 14.5 lb) (H. Rogillio, personalcommunication).

EastPearlRiver: Biologistswith the FWSgill netted aGulf sturgeon from the
Mikes River, a tributaryto the East PearlRiver during a fishery survey in the
spring of 1992. The fish was 0.7 m(2.3 ft) in length (P. Douglas, personal
communication). Davis et al. (1970)reportedthat one sturgeon was collectedin
a trammel net from the East Pearl River onNovember 1, 1968 during an
anadromousfish surveyconductedfrom 1966 to 1969.
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Chitto River below the Bogue Chitto sill in 1993. The Gulf sturgeon weighed 
from 2.9 to 4.5 kg (6.5 to 14.5 lb) (H. Rogillio, personal communication). 

East Pearl River: Biologists with the FWS gill netted a Gulf sturgeon from the 
Mikes River, a tributary to the East Pearl River during a fishery survey in the 
spring of 1992. The fish was 0.7 m (2.3 ft) in length (P. Douglas, personal 
communication). Davis et al. (1970) reported that one sturgeon was collected in 
a trammel net from the East Pearl River on November 1, 1968 during an 
anadromous fish survey conducted from 1966 to 1969. 

6 



West Pearl River: Commercial fishermen caughtfive Gulf sturgeonweighing
from 0.1 to 0.3 kg (0.22 to 0.66 lb) in the West PearlRiver inOctober1990
(H. Rogillio, personalcommunication).

Mississippi Sound

Bradshaw(personal communication)reportedthreetag returns fromGulf sturgeonthat were
incidentally caught by shrimpersworking in Mississippi Sound during the fall of 1985.
Bradshaworiginally collectedtheseGulf sturgeonfrom river km 32 (river mi 20) on thePearl
River earlier in 1985. He alsonoted finding three4eadGulf sturgeonincidentally caughtby
gillnetters inthe westernpart of tlaeSoundandrevived anotherGulf sturgeona gillnetter had
caught“on” Horn Island in 1989. FiveGulf sturgeonfrom MississippiSound nearHorn Island
were examinedaspart of a parasitestudy (N. Jordan,personalcommunication). Of the five
sturgeon,one wasexaminedin eachof the years1973, 1976,and1977, andtwo in 1982. One
Gulf sturgeon[Gulf CoastResearchLaboratory(GCRL) #17111 was incidentallycaughtin a
shrimp trawl off the east end of Deer Island in Mississippi Sound in November 1966 in
approximately 5.5 m (18 ft) of water. The Gulf sturgeonhada total length (TL) of 75.2cm
(29.6 in). Nearthis same location J.Y. Christmas (personal communication)reportedcatching
one Gulf sturgeon (GCRL #28) with a TLof 55.2 cm (21.7 in) while samplingwith a shrimp
trawl in March 1960.

Bioxi Bay

OneGulf sturgeonwasincidentallycaughtin a shrimp trawlin Biloxi Bay off MarshPointon
November19, 1960 (GCRL #337). The fish was55.5 cm (22.0 in) TL.

PascagoulaRiver Basin

PascagoulaBay: Shepard (personal communication)caughttwo Gulf sturgeonat the mouthof
BayouLaMotteduring thewintersof 1991 and 1992while gillnetting for theJ.L. Scott Marine
Education Center (GCRL). Reynolds(1993) reportedcommercialfishermencollecting Gulf
sturgeonin andnear the mouth of the PascagoulaRiver in the late 1980’s and early 1990’s.
Shepard(personal communication)reports catching nineGulf sturgeon from the mouthof the
West PascagoulaRiver while gillnetting from 1983 to 1984. All but one of the sturgeon were
caughtat the mouthof Bayou LaMotte. The ninth fish was capturednearthe Sandalwood
Canal. One Gulf sturgeonfrom the mouthof the PascagoulaRiver was examinedin 1970 as
partof aspartof a parasitestudyconductedby GCRL (N. Jordan,personal communication).

PascagoulaRiver: MurphyandSkaines(1994)reportedcollectionof sevenGulf sturgeonin the
lower threemiles of the Pascagoula River from Aprilto June1993. Two were radio tagged and
released. The fish rangedin length from 46.4 to111.8 cm (18.3to 44.0 in) and from0.8 to
10.4 kg (1.8to 22.9 lb) in weight. Miranda andJackson (1987),collecteda 78.2 cm(30.8 in)
Gulf sturgeon in June1987 during 30 net-nights from the river. ThreeGulf sturgeon were
examinedfrom thePascagoulaRiver aspartof a parasitestudy conductedby GCRL. One was
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Pearl River: Commercial fishennen caught five Gulf sturgeon weighing 
from 0.1 to 0.3 kg (0.22 to 0.66 lb) in the West Pearl River in •October 1990 
(H. Rogillio, personal communication). 

Mism.gppi Sound 

Bradshaw (personal communication) reported three tag returns from Gulf sturgeon that were 
incidentally caught by shrimpers working in Mississippi Sound during the fall of 1985. 
Bradshaw originally collected these Gulf sturgeon from river km 32 (river mi 20) on the Pearl 
River earlier in 1985. He also noted finding three qead Gulf sturgeon incidentally caught by 
gillnetters in the western part of the! ~ and revived another Gulf sturgeon a gillnetter had 
caught "on" Hom Island in 1989. Five Gulf sturgeon from Mississippi Sound near Hom Island 
were examined as part of a parasite study (N. Jordan, personal communication). Of the five 
sturgeon, one was examined in eacb,of the years 1973, 1976, and 1977, and two in 1982. One 
Gulf sturgeon [Gulf Coast Research Laboratory (GCRL) #1711] was incidentally caught in a 
shrimp trawl off the east end of Deer Island in Mississippi Sound in November 1966 in 
approximately 5.5 m (18 ft) of water. The Gulf sturgeon had a total length (TL) of 75.2 cm 
(29.6 in). Near this same location J.Y. Christmas (personal communication) reported catching 
one Gulf sturgeon (GCRL #28) with a TL of 55.2 cm (21.7 in) while sampling with a shrimp 
trawl in March 1960. 

Biloxi Bay 

One Gulf sturgeon was incidentally caught in a shrimp trawl in Biloxi Bay off Marsh Point on 
November 19, 1960 (GCRL #337), ~ fish was 55.5 cm (22.0 in) TL. 

Pascagoula River Basin 

Pascagoula Bay: Shepard (personal communication) caught two Gulf sturgeon at the mouth of 
Bayou LaMotte during the winters of 1991 and 1992 while gillnetting for the J.L. Scott Marine 
Education Center (GCRL). Reynolds (1993) reported commercial fishermen collecting Gulf 
sturgeon in and near the mouth of the Pascagoula River in the late 1980's and early 1990's. 
Shepard (personal communication) reports catching nine Gulf sturgeon from the mouth of the 
West Pascagoula River while gillnetting from 1983 to 1984. All but one of the sturgeon were 
caught at the mouth of Bayou LaMotte. The ninth fish was captured near the Sandalwood 
Canal. One Gulf sturgeon from the mouth of the Pascagoula River was examined in 1970 as 
part of as part of a parasite study conducted by GCRL (N. Jordan, personal communication). 

Pascagoula River: Murphy and Skaines (1994) reported collection of seven Gulf sturgeon in the 
lower three miles of the Pascagoula River from April to June 1993. Two were radio tagged and 
released. The fish ranged in length from 46.4 to 111.8 cm (18.3 to 44.0 in) and from 0.8 to 
10.4 kg (1.8 to 22.9 lb) in weight. Miranda and Jackson (1987), collected a 78.2 cm (30.8 in) 
Gulf sturgeon in June 1987 during 30 net-nights from the river. Three Gulf sturgeon were 
examined from the Pascagoula River as part of a parasite study conducted by GCRL. One was 
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examined in 1978, the second in 1982 and the third in 1984 (N. Jordan, personal
communication).

Chickasawhay River: Miranda and Jackson(1987) reported a catch of a 56.7kg
(125.0 ib) Gulf sturgeonin 1985 from the ChickasawhayRiver, which is a tributaryof
the PascagoulaRiver.

LeafRiver: Murphy and Skaines(1994)reported thatoneof two fish radio-taggedfrom
the lower PascagoulaRiver in May 1993 was locatedtwice in Septemberof thatyear.
The last documentedlocationof the fish was intheLeafRiver threemiles downstream
from McLain, Mississippi approximately123.8km (77.0mi) from its site of capture.

West PascagoulaRiver: Two Gulf sturgeon from the West Pascagoula River were
examinedin 1973 and1979 as partof aparasitestudy conducted by GCRL(N. Jordan,
personal communication). In December 16, 1964, a Gulf sturgeon (GCRL #4501) was
collected byT.D. Mcllwain in Big Lake off the West Pascagoula River.The sturgeon
weighed0.24g (0.52 lb) and was45.6cm (18.0 in) Th. The water temperaturewas
13.90C (57.00F)with a salinity of 1.1 ppt.

Mobile River Basin

Mobile Bay: A live Gulf sturgeon waspicked up on the shorelineof Bayou LaBatreby a
fishermanon March 8, 1993 (F. Parauka, personal communication). Thefish was 127 cm (50
in) long andweighed12.5 kg (27.5 ib). The fish was heldfor observationat theDauphinIsland
Sealabuntil a FWS biologist measured, weighed, radio-tagged,and collected genetictissue
samplesand releasedit into Mobile Bay a day later. Effortsto locatethe sturgeon againwere
unsuccessful. In July 1972 approximatelyone hundredGulf sturgeon were observed at the
mouthof the BlakeleyRiver in easternMobile Bay feeding inshallow water(Vittor 1972). The
sturgeon were approximately.91 m (3 ft) in length.

Mobile River: A Gulf sturgeon about150 cm (59.1 in) long was sightedin the Mobile River
nearthe headof Mobile Bay on October3, 1992 by an Alabama Departmentof Conservation
and NaturalResources (ADCNR) Marine Resources Division employee.Thereis a mounted
specimen of a juvenile Gulf sturgeon at theRoussos Restaurant in Mobile, Alabama
(J. Roussos,personalcommunication). The specimenis approximately45.7 to 50.8 cm (18 to
20 in) TL and was collectedin 1985 or 1986. The specimen was caught in a shrimptrawl in
the MobileRiver, presumablyat the north endof Mobile Bay.

TensawRiver: The ADCNR reportedthat a commercial fishermanincidentally caught
a 180 cm (70.9 in) Gulf sturgeon in the mouthof theTensawRiver in September1991
(W. Tucker, personal communication). M. Mettee (personal communication)reported
a 180 cm (70.9 in) Gulf sturgeon wasincidentally netted and released in the Tensaw
River in April 1986 by a commercialfisherman.
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in 1978, the second in 1982 and the third in 1984 (N. Jordan, personal 
communication). 

Chickasawbay River: Miranda and Jackson (1987) rel?(>rted a catch of a 56.7 kg 
(125.0 lb) Gulf sturgeon in 1985 from the Chickasawhay River, which is a tributary of 
the Pascagoula River. 

Leaf River: Murphy and Skaines (1994) reported that one of two fish radio-tagged from 
the lower Pascagoula River in May 1993 was located twice in September of that year. 
The last documented location of the fish was in the Leaf River three miles downstream .. 
from McLain, Mississippi approximately 123.8 km (77 .0 mi) from its site of capture. 

West Pascagoula River: Two Gulf sturgeon from the West Pascagoula River were 
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Mobile Bay: A live Gulf sturgeon was picked up on the shoreline of Bayou LaBatre by a 
fisherman on March 8, 1993 (F. Parauka, personal communication). The fish was 127 cm (50 
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unsuccessful. In July 1972 approximately one hundred Gulf sturgeon were observed at the 
mouth of the Blakeley River in eastern Mobile Bay feeding in shallow water (Vittor 1972). The 
sturgeon were approximately .91 m (3 ft) in length. 

Mobile River: A Gulf sturgeon about 150 cm (59.1 in) long was sighted in the Mobile River 
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and Natural Resources (ADCNR) Marine Resources Division employee. There is a mounted 
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Tensaw River: The ADCNR reported that a commercial fisherman incidentally caught 
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(W. Tucker, personal communication). M. Mettee (personal communication) reported 
a 180 cm (70.9 in) Gulf sturgeon was incidentally netted and released in the Tensaw 
River in April 1986 by a commercial fisherman. 
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Blakeley River: Commercial gillnetters incidentally caught Guif sturgeon in the Blakely
River during the fall from 1989to 1991.

Tombigbee River: A specimen caughtin June1987 upstreamof Coffeeville on the
TombigbeeRiver was verified by an AlabamaGeological Survey (AGS) biologist as
Acipenser(M. Mettee, personalcommunication). In 1977 a Gulf sturgeonfrom the
TombigbeeRiver was examined as part of a parasitestudy (N. Jordan, personal
communication). Incidental catchesof Gulf sturgeonstill occur annually from the
TombigbeeRiver in the remainingriverine habitat belowCoffeeville dam (J. Duffy,
personal communication).

Alabama River: Incidental catches of Gulf sturgeon still occur annually from the
AlabamaRiver in theremainingriverinehabitatbelowClaibornedam(J. Duffy, personal
communication).

PensacolaBay Basin

PensacolaBay: A 56.0cm (22.0in) TL Gulf sturgeonwas collected in PensacolaBay on
January 20,1978 (Collection No. 10319, Florida Departmentof EnvironmentalProtection,
FDNR).

EscambiaRiver: Two Gulfsturgeon were collected,taggedandreleasedin the Escambia River
about1.6 km (1.0 ml) downstreamof highway 184 bridgein September1994 bythe FWS (F.
Parauka, personalcommunication). The fish weighed 15.5and 20.7 kg (34.0 and45.5 lb).
Incidental catchesof Gulf sturgeonhave beenreported for theEscambiaRiver (G. Bass,
personal communication). Recreational anglers reported that prior to 1980 they would seeas
many as 10 Gulf sturgeon jumpingin the river but now it is rare to seeevenone fish jump
during a fishing trip (Reynolds1993). Prior to a Florida law prohibiting sturgeonfishing in
1984, a limited commercial fishery existed on that river (National Marine Fisheries Service
1987).

ConecubRiver: Annual sightings are reportedfrom theConecuhRiver in southcentral
Alabama (J. Duffy, personalcommunication).

BlackwaterRiver: ThreeGulf sturgeon werecollectedin the Blackwater River during aFlorida
Gameand FreshWater FishCommission (FGFC) striped bassnettingproject in March 1991.
The fish weighed from5.0 to 12.0 kg (11.0 to 26.5 Ib) (FGFC, unpublished data).

Yellow River: EighteenGulf sturgeonwerecollected, tagged and released in the Yellow River
below Boiling Lake in July 1993 by the FWS (F.Parauka,personalcommunication). The fish
weighed from5.8 to 63.6 kg (12.7 to 140.0 lb). Gulf sturgeonwere collectedin the Yellow
River during a1961 to 1962surveyby FGFC (1964). Commercial landingswere occasionally
reportedprior to the 1984 fishing prohibition (J. Barkuloo, personal communication).
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Incidental catches of Gulf sturgeon have been reported for the Escambia River (G. Bass, 
personal communication). Recreational anglers reported that prior ~o 1980 they would see as 

_ many as 10 Gulf sturgeon jumping in the river but now it is rare to see even one fish jump 
·during a fishing trip (Reynolds 1993). Prior to a Florida law prohibiting sturgeon fishing in 
1984, a limited commercial fishery existed on that river (National Marine Fisheries Service 
1987). 

Conecuh River: Annual sightings are reported from the Conecuh River in south central 
Alabama (J. Duffy, personal communication). 

Blackwater River: Three Gulf sturgeon were collected in the Blackwater River during a Florida 
Game and Fresh Water Fish Commission (FGFC) striped bass netting project in March 1991. 
The fish weighed from 5.0 to 12.0 kg (11.0 to 26.5 lb) (FGFC, unpublished data). 

Yellow River: Eighteen Gulf sturgeon were collected, tagged and released in the Yell ow River 
below Boiling Lake in July 1993 by the FWS (F. Parauka, personal communication). The fish 
weighed from 5.8 to 63.6 kg (12.7 to 140.0 lb). Gulf sturgeon were collected in the Yellow 
River during a 1961 to 1962 survey by FGFC (1964). Commercial landings were occasionally 
reported prior to the 1984 fishing prohibition (J. Barkuloo, personal communication). 
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ChoctawbatcheeBay Basin

SantaRosaSound: The U.S. EnvironmentalProtectionAgency(EPA) reporteda 23 kg (50 lb)
Gulf sturgeonwashedup onthe beach inSantaRosaSoundnearNavarre,Florida in 1988 (F.

Parauka, personal communication).

ChoctawhatcheeBay: Four Gulf sturgeonwerecollectedby FDEPbiologists onApril 27, 1993
from Jolly Bay at theeasternendof Choctawhatchee Bay. The sturgeon ranged in lengthfrom
41.2to 81.9 cm(16.22to 32.2 in).

ChoctawhatcheeRiver: Fifty adult and subadultGulf sturgeonwere collected,tagged and
releasedat the mouth of the ChoctawhatcheeRiver in April 1994 by the North Carolina
CooperativeResearchUnit, North CarolinaStateUniversity (NCSU)andtheFWS (Potaket al.
1995). Twenty-five of the fish were equipped with radio tags. The fish weighed from 2.5 to
72.7 kg (5.5 to 160.3 Ib) and rangedin length from 73.8 to 192.0 cm (29.1 to75.6 in).
Twenty-sevenGulf sturgeonwere captured, tagged,and releasedin theChoctawhatcheeRiver
between Howell Bluff andRocky Landingin 1988, 1990,and 1991 by the FWS (FWS 1988,
1990, 1991b). The fish weighed from 4.5 to 52.3 kg (9.9to 115.3 lb). In addition, a 0.13 kg
(0.29 lb) specimen caught by an angler downstream from Caryville, Florida in 1991 was tagged
and releasedby the FWS (FWS 1991b). Three Gulf sturgeonweighing from 17.0to 26.0kg
(37.5 to 57.3 lb) werecollectedin the upperChoctawhatcheeRiver belowits confluence with
PeaRiver at Geneva,Alabamain August 1991 by the FWS(FWS, unpublished data). Annual
sightings are reportedfrom the ChoctawhatcheeRiver in south central Alabama (J. Duffy,
personal communication).

Pea River: Three Gulf sturgeon 91.0 to 213.0 cm (35.8 to 83.9 in) in length were
collected by theAGS during March 1992about 1.0 to3.0 km (0.62 to 1.86 ml) in the
Pea River above its confluence with the Choctawhatchee River (M. Mettee, personal
communication). Annual sightingsare reportedfrom the Pea River insouth central
Alabama(1. Duffy, personalcommunication).

Apalachicola,Chattahoochee, FlintRiver Basin

Apalachicola Bay: A 34.0 kg (74.8 lb) Gulf sturgeon wascaughtby a commercialfisherman
in a shrimptrawl in ApalachicolaBay in November1989(F. Parauka,personal communication).
Thefish wastakento theApalachicola National EstuarineReservefor observationandwas later
tagged and released at the pointof capture by the FWS. A34.5 kg (76.0lb) Gulf sturgeon was
captured,taggedand released inApalachicolaBay, south of Hwy 98 bridge in March1988.
Also, in March 1987, a 34.0kg (74.6 Ib) Gulf sturgeon was captured, taggedand releasedin
ApalachicolaBay, northof Hwy 98 bridge (F.Parauka,personalcommunication). Incidental
capturesby commercialshrimpersand gill net fishermenin ApalachicolaBay were notedby
Wooley and Crateau (1985) and reported by Swift et al. (1977).
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from Jolly Bay at the eastern end of Choctawhatchee Bay. The sturgeon ranged in length from 
41.2 to 81.9 cm (16.22 to 32.2 in). 

Choctawhatchee River: Fifty adult and subadult Gulf sturgeon were collected, tagged and 
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1995). Twenty-five of the fish were equipped with radio tags. The fish weighed from 2.5 to 
72.7 kg (5.5 to 160.3 lb) and ranged in length from 73.8 to 192.0 cm (29.1 to 75.6 in). 
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between Howell Bluff and Rocky Landing in 1988, 1990, and 1991 by the FWS (FWS 1988, 
1990, 1991b). The fish weighed from 4.5 to 52.3 kg (9.9 to 115.3 lb). In addition, a 0.13 kg 
(0.29 lb) specimen caught by an angler downstream from Caryville, Florida in 1991 was tagged 
and released by the FWS (FWS 1991b). Three Gulf sturgeon weighing from 17.0 to 26.0 kg 
(37.5 to 57.3 lb) were collected in the upper Choctawhatchee River below its confluence with 
Pea River at Geneva, Alabama in August 1991 by the FWS (FWS, unpublished data). Annual 
sightings are reported from the Choctawhatchee River in south central Alabama (J. Duffy, 
personal communication). 

Pea River: Three Gulf sturgeon 91.0 to 213.0 cm (35.8 to 83.9 in) in length were 
collected by the AGS during March 1992 about 1.0 to 3.0 km (0.62 to 1.86 mi) in the 
Pea River above its confluence with the Choctawhatchee River (M. Mettee, personal 
communication). Annual sightings are reported from the Pea River in south central 
Alabama (J. Duffy, personal communication). 

Apalachicola, Chattahoochee, Flint River Basin 

Apalachicola Bay: A 34.0 kg (74.8 lb) Gulf sturgeon was caught by a commercial fisherman 
in a shrimp trawl in Apalachicola Bay in November 1989 (F. Parauka, personal communication). 
The fish was taken to the Apalachicola National Estuarine Reserve for observation and was later 
tagged and released at the point of capture by the FWS. A 34.5 kg (76.0 lb) Gulf sturgeon was 
captured, tagged and released in Apalachicola Bay, south of Hwy 98 bridge in March 1988. 
Also, in March 1987, a 34.0 kg (74.6 lb) Gulf sturgeon was captured, tagged and released in 
Apalachicola Bay, north of Hwy 98 bridge (F. Parauka, personal communication). Incidental 
captures by commercial shrimpers and gill net fishermen in Apalachicola Bay were noted by 
Wooley and Crateau (1985) and reported by Swift et al. (1977). 
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Apalaclulcola River: The FWS Panama City, Florida Field Office has monitored the
ApalachicolaRiverGulfsturgeonpopulationsince1979. Three-hundredandfifty. Gulfsturgeon
were collectedbelowJim Woodruff Lock andDam (JWLD), taggedand recapturedfrom May
through September,1981 through 1993. The numberof fish staying below the dam in the
summerwasestimatedusing a modified Schnabelmethod. Fish smaller than 45.0cm (17.7 in)
TL wereexcluded becauseofsamplingbiascausedby netselectivity. Since1984,theestimated
annualnumberof fish rangedfrom 96 to 131 with a meanof 115 (FWS 1990, 1991b, 1992).
A 145cm(57.1 in) FL specimenwascapturedby FDEP(FSBC640008)on October28, 1970
in the river. The FGFC(1964) collectedGulf sturgeonduring their anadromousfish survey
conductedfrom 1954 to 1964.

A reportoftheU.S. Commissionon FishandFisheries(1902) indicatedtheApalachicolaRiver
provided the largest andmost economically important commercialsturgeonfishery in Florida
in 1901. Archie Carr (personalcommunication)notedthat32 families commerciallyfishedfor
Gulf sturgeonin themid-1940’s. A commercial fishery continueduntil thelate 1970’swith only
a few families. Sport fishing for Gulf sturgeonin the spring, andto a lesserextentin the fall,
in someof thedeeperholesin theApalachicolaRiverbelowthe JWLD producedfish up to 73
kg (160.9 lb) and 2.3m (7.5 ft) long (TallahasseeDemocrat1958, 1963, 1969).

Brothers River: Archie Carr (1978andpersonalcommunication)beganstudying Gulf
sturgeonin the Apalachicola Riverin 1975 andcaughtonly eightsturgeonin 23 daysof
set-nettingin BrothersCreek.

Flint River: Swift et al. (1977) notedareportof a 209 kg (460.8 lb) specimenfrom the Flint
River near Albany, Georgiabefore1950, prior to the completionof JWLD in 1957.

OcklockoneeRiver Basin

Ochiockonee River: Four Gulf sturgeon weighing from 2.0 to 4.0 kg (4.4 to 8.8 lb) were
collected in the lower OchlockoneeRiver at the mouth of Womack Creek in June 1991
(FWS/PanamaCity and National Biological Survey/SoutheasternBiological ServiceCenter-
Gainesville(NBS/SBSC-G),unpublished data).Gulf sturgeonwere commerciallyfishedin the
vicinity ofHitchcockLakein WakullaCounty (Swiftetal., 1977; Florida Outdoors1959). The
fish were shippedto the town of Apalachicolafor processingandsale to the New York City
area. Commercial landings comparable to the Apalachicola River fishery were noted in1901
(U.S. Commissionon Fishand Fisheries1902). However,most commercialfishing for Gulf
sturgeonin the river endedin the early1970’s (F. Parauka,personalcommunication).

SuwanneeRiver Basin

SuwanneeRiver: The SuwanneeRiver appearsto support the most viable Gulf sturgeon
population among the coastal riversof the Gulf of Mexico (Huff 1975). The Caribbean
ConservationCorporation(CCC) has captured,marked,and released1,670 spring migrating
Gulf sturgeon at theriver mouth since1986. Basedon the recaptureof markedfish, the annual
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TL were excluded because of sampling bias caused by net selectivity. Since 1984, the estimated 
annual number of fish ranged from 96 to 131 with a mean of 115 (FWS 1990, 1991b, 1992). 
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in the river. The FGFC (1964) collected Gulf sturgeon during their anadromous fish survey 
conducted from 1954 to 1964. 

A report of the U.S. Commission on Fish and Fisheries (1902) indicated the Apalachicola River •
_.
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provided the largest and most economically important commercial sturgeon fishery in Florida - • -
in 1901. Archie Carr (personal communication) noted that 32 families commercially fished for 
Gulf sturgeon in the mid-1940's. A commercial fishery continued until the late 1970's with only 
a few families. Sport fishing for Gulf sturgeon in the spring, and to a lesser extent in the fall, 
in some of the deeper holes in the Apalachicola River below the JWLD produced fish up to 73 
kg (160.9 lb) and 2.3 m (7.5 ft) long (Tallahassee Democrat 1958, 1963, 1969). 

Brothers River: Archie Carr (1978 and personal communication) began studying Gulf 
sturgeon in the Apalachicola River in 1975 and caught only eight sturgeon in 23 days of 
set-netting in Brothers Creek. 

Flint River: Swift et al. (1977) noted a report of a 209 kg (460.8 lb) specimen from the Flint 
River near Albany, Georgia before 1950, prior to the completion of JWLD in 1957. 

Ochlockonee River Basin 

Ochlockonee River: Four Gulf sturgeon weighing from 2.0 to 4.0 kg (4.4 to 8.8 lb) were 
collected in the lower Ochlockonee River at the mouth of Womack Creek in June 1991 
(FWS/Panama City and National Biological Survey/Southeastern Biological Service Center
Gainesville (NBS/SBSC-G), unpublished data). Gulf sturgeon were commercially fished in the 
vicinity of Hitchcock Lake in Wakulla County (Swift et al. , 1977; Florida Outdoors 1959). The 
fish were shipped to the town of Apalachicola for processing and sale to the New York City 
area. Commercial landings comparable to the Apalachicola River fishery were noted in 1901 
(U.S. Commission on Fish and Fisheries 1902). However, most commercial fishing for Gulf 
sturgeon in the river ended in the early 1970's (F. Parauka, personal communication). 

Suwannee River Basin 

Suwannee River: The Suwannee River appears to support the most viable Gulf sturgeon 
population among the coastal rivers of the Gulf of Mexico (Huff 1975). The Caribbean 
Conservation Corporation (CCC) has captured, marked, and released 1,670 spring migrating 
Gulf sturgeon at the river mouth since 1986. Based on the recapture of marked fish, the annual 
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estimatedpopulationsize rangedbetween 2,250to 3,300 for Gulf sturgeonaveragingabout 18
kg (39.7 lb) (Carr and Rago,unpublisheddata). An ongoing complementarystudy by the
NBS/BSC-G(unpublisheddata)hascaptured,marked,andreleased about 1,500subadults,most
of which were lessthan 15 kg (33.1 lb), throughout theriver from March 1988throughMarch
1992. This river supporteda limited commercial Gulf sturgeonfishery from 1899 (U.S.
Commissionon FishandFisheries1902)until 1984when theStateof Floridaprohibitedharvest
and possession.

Tampa Bay Basin

Tampa Bay: A commercialnetter incidentally caught andreleaseda Gulf sturgeon56.4 cm
(1.8 ft) in length, onemile westof RedingtonBeachnearSt. Petersburgin December1992
(Reynolds1993). Beforethis time, the mostrecentGulf sturgeon-catch reportedfrom Tampa
Bay was a 144 cm (56.7 in) FL female weighing 25.8 kg (56.9 Ib), collectedon December
11, 1987nearPinellasPoint (FDEPfish collectionrecords,no collectionnumber). TampaBay
was the location of the first recorded significant sturgeon fishery on the Gulf of Mexico coast,
lasting onlythree years (U.S.Commission onFish andFisheries1902). The fishery began in
1886-1887with a catchof 1,500 fish yielding 2,268kg (5,000lb) of roe. Two thousandfish
and2,858 kg (6,300lb) of roewere marketedin 1887-1888.The fishery endedafterthe 1888-
1889 seasonwhen only seven sturgeon were caught.Sturgeoncatches have beenreported
sporadically since1890.

Charlotte Harbor Basin

Charlotte Harbor: A 3.0kg (6.6lb) Gulf sturgeonwascapturedby a commercialmackerelnet
fishermannearthe mouth of CharlotteHarbor on January29, 1992 (R. Ruiz-Carus,personal
communication).The sturgeonwascaughton a sandbarnearBoca Grande Pass,2.4 to 3.0 m
(7.9to 9.8ft) in depth. Whilespecificinformationwasgiven forthis fish, thefishermenrelated
that two or threesturgeonof thesamesize werereleasedalive from the samenetsetnearBoca
Grande Pass. Two other specimens have been reported from Charlotte Harbor (University of
Florida/Florida State Museum(UF/FSM) 35332;FSBC 18077),oneofwhich is a24.3 kg (53.6
lb) specimennow mountedat the Florida MarineResearchInstitute, FDEP, St. Petersburg,
Florida.

BIOLOGICAL CHARACTERISTICS

Habitat

Gulf sturgeonare classified as anadromous,with immature andmature fish participating in
freshwatermigrations(Huff 1975; Carr 1983; Wooley andCrateau1985; 5. Carr, unpublished
data;J. Clugston, unpublisheddata). Anecdotalinformation,gillnetting, andbiotelemetry have
shownthatsubadultsandadults spendeight to ninemonthseachyearin riversandthreeto four
of the coolestmonths in estuariesor Gulf waters. It appearsthatGulf sturgeonlessthantwo
years old remain in riverine habitats and estuarine areas throughout the year. Many Gulf
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population size ranged between 2,250 to 3,300 for Gulf sturgeon averaging about 18 
kg (39.7 lb) (Carr and Rago, unpublished data). An ongoing complementary study by the 
NBS/BSC-G (unpublished data) has captured, marked, and released about 1,500 subadults, most 
of which were less than 15 kg (33.1 lb), throughout the river from March 1988 through March 
1992. This river supported a limited commercial Gulf sturgeon fishery from 1899 (U.S. 
Commission on Fish and Fisheries 1902) until 1984 when the State of Florida prohibited harvest 
and possession. 

Tampa Bay Basin 

,Tampa Bay: A commercial netter incidentally caught and release4 a Gulf sturgeon 56.4 cm 
(1.8 ft) in length, one mile west of Redington Beach near St. Petersburg in December 199'2 
(Reynolds 1993). Before this time, the most recent Gulf sturgeon·catch reported from Tampa 
Bay was a 144 cm (56.7 in) FL female weighing 25.8 kg (56.9 lb), collected on December 
11, 1987 near Pinellas Point (FDEP fish collection records, no collection number). Tampa Bay 
was the location of the first recorded significant sturgeon fishery on the Gulf of Mexico coast, 
lasting only three years (U.S. Commission on Fish and Fisheries 1902). The fishery began in 
1886-1887 with a catch of 1,500 fish yielding 2,268 kg (5,000 lb) of roe. Two thousand fish 
and 2,858 kg (6,300 lb) of roe were marketed in 1887-1888. The fishery ended after the 1888-
1889 season when only seven sturgeon were caught. Sturgeon catches have been reported 
sporadically since 1890. 

Charlotte Harbor Basin 

Charlotte Harbor: A 3.0 kg (6.6 lb) Gulf sturgeon was captured by a commercial mackerel net 
fisherman near the mouth of Charlotte Harbor on January 29, 1992 (R. Ruiz-Carus, personal 
communication). The sturgeon was caught on a sand bar near Boca Grande Pass, 2.4 to 3.0 m 
(7. 9 to 9. 8 ft) in depth. While specific information was given for this fish, the fishermen related 
that two or three sturgeon of the same si7.e were released alive from the same net set near Boca 
Grande Pass. Two other specimens have been reported from Charlotte Harbor (University of 
Florida/Florida State Museum (UF/FSM) 35332; FSBC 18077), one of which is a 24.3 kg (53.6 
lb) specimen now mounted at the Florida Marine Research Institute, FDEP, St. Petersburg, 
Florida. 

BIOLOGICAL CHARACTERISTICS 

Habitat 

Gulf sturgeon are classified as anadromous, with immature and mature fish participating in 
freshwater migrations (Huff 1975; Carr 1983; Wooley and Crateau 1985; S. Carr, unpublished 
data; J. Clugston, unpublished data). Anecdotal information, gillnetting, and biotelemetry have 
shown that subadults and adults spend eight to nine months each year in rivers and three to four 
of the coolest months in estuaries or Gulf waters. It appears that Gulf sturgeon less than two 
years old remain in riverine habitats and estuarine areas throughout the year. Many Gulf 
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sturgeon mthe SuwanneeRiver spendsummermonthsnearthe mouths of springsandcool-
water rivers(Foster1993; 5. Carr, unpublisheddata). The substrateof muchof the Suwannee
River is sandand limerock,especiallyin thoseareasnear springsandspring runs.

Wooley andCrateau(1985) reportedthatGulf sturgeonin the ApalachicolaRiverutilized the
areaimmediatelydownstreamfrom JWLD from May throughSeptember.The areaoccupied
consistedof the tailrace andspillway basinof JWLD and a largescour hole below the lock.
During high flow periodsin thelate spring whenwaterwaspassingthroughopenwatercontrol
gatesat JWLD, Gulf sturgeonwould congregatein the turbulentflow, often suspendedjust
belowthe watersurface. Duringthesummer,Gulfsturgeonconcentratedin thelargescourhole
below the lock and in the area of the dam spillway basin. This area represented the deepest
availablewaterwithin 25 km (15.5 mi) down-riverof theJWLD. Meantotal distancemoved
by Gulf sturgeonduring thistime wasonly 0.4 km(0.25ml). In all casesGulf sturgeondid not
movemore than0.8km (0.5 mi) from May through September.The areaconsistedof sandand
gravel substrate,waterdepthsrangedfrom 6.0 to 12.0m (19.7 to 39.4 ft) with a meandepth
of 8.4 m (27.6 ft) andvelocities rangedfrom 60.0to 90.0cm/s (2.0to 3.0 ft/s) with a mean
velocityof 64.1 cm/s (2.1 ft/s). Becauseof the scarcity of historical biological datapertaining
to the Gulf sturgeon in the Apalachicola River it is impossibleto ascertainwhetherthe area
observedasasummercongregationarearepresentsspecifichistoric habitat. It maybe thebest
alternativehabitat typeavailableto Gulf sturgeonwhosemigration upstreamwasblockedby the
constructionof JWLD in 1957.

The U.S. Army Corps of Engineers (COE) conducted surveys in this area in November 1991
and October 1992, to characterizeflows associatedwith a strong crosscurrent at the lock
approach. In November1991, velocities weremeasuredat a depth0.06and0.24m (0.2 and
0.8 ft) of the watercolumn,withvelocities rangingfrom 0.19 to 0.67 mIs(0.61 to 2.19 ft/s)
duringi~ormal powerhousegeneration(two turbineson line with trashgateopen). The follow-
up surveyin October 1992 included an additional measurement within thelargescourholebelow
thelock at adepthwithin 0.6 m (2 ft) of the bottom. Velocities rangedfrom 0.08to 0.92mIs
(0.25 to 3.01 ft/s) for normalpowerhousegeneration (withor without thetrashgateopen;with
velocitiesat thebottomof the scourhole rangingfrom 0.11to 0.37mIs (0.36 to 1.2 ft/s) (COE
1993; COE 1994).

The BrothersRiver, a tributary entering the lower Apalachicola Riverat river km 19.3 (river
mi 12.0) appearsto be a stagingareafor Gulf sturgeonleavingthe river (Odenkirk1989). This
wasa favorite locationfor commercialGulf sturgeonnetting in pastyears(J. Fichera,personal
communication). The BrothersRiver is a sluggishriver with deepholes, swampy banks,and
asandandrockbottom. Wooley andCrateau(1985) characterized thehabitatashavinga mean
depthof 11.0 m (36.1 ft), waterdepths rangedfrom 8.0 to 18.0 m (26.2 to 59.0 ft) and
velocitiesrangedfrom 0.58to 0.75 mIs (1.9 to 2.46 ftls)with a meanvelocity of .60 mIs (1.97
ft/s).

Swift et al. (1977) reportedthat local fishermenbelievedthatGulf sturgeonspawningoccurred
in Junein thedeeperholesand “lakes” along therivers. Swift also reportedthatGulf sturgeon
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in the Suwannee River spend summer momm near the mouths of springs and cool
water rivers (Foster 1993; S. Carr, unpublished data). The substrate of much ot: the Suwannee 
River is sand and limerock, especially in those areas near springs and spring runs. 

Wooley and Crateau (1985) reported that Gulf sturgeon in the Apalachicola River utilized the 
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consisted of the tailrace and spillway basin of JWlD and a large scour hole below the lock. 
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gates at JWLD, Gulf sturgeon would congregate in the turbulent flow, often suspended just 
below the water surface. During the summer, Gulf sturgeon concentrated in the large scour hole 
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velocity of 64.1 emfs (2.1 ft/s). Because of the scarcity of historical biological data pertaining 
to the Gulf sturgeon in the Ap~achicola River it is impossible to ascertain whether the area 
observed as a summer congregation area represents specific historic habitat. It may be the best 
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The U.S. Army Corps of Engineers (COE) conducted surveys in this area in November 1991 
and October 1992, to characterize flows associated with a strong cross current at the lock 
approach. In November 1991, velocities were measured at a depth 0.06 and 0.24 m (0.2 and 
0.8 ft) of the water column,:;with velocities ranging from 0.19 to 0.67 mis (0.61 to 2.19 ft/s) 
during Q.ormal powerhouse generation (two turbines on line with trash gate open). The follow
up survey in October 1992 included an additional measurement within the large scour hole below 
the lock at a depth within 0.6 m (2 ft) of the bottom. Velocities ranged from 0.08 to 0.92 mis 
(0.25 to 3.01 ft/s) for normal powerhouse generation (with or without the trash gate open; with 
velocities at the bottom of the scour hole ranging from 0.11 to 0.37 mis (0.36 to 1.2 ft/s} (COE 
1993; COE 1994}. 

The Brothers River, a tributary entering the lower Apalachicola River at river km 19.3 (river 
mi 12.0} appears to be a staging area for Gulf sturgeon leaving the river (Odenkirk 1989). This 
was a favorite location for commercial Gulf sturgeon netting in past years (J. Fichera, personal 
communication). The Brothers River is a sluggish river with deep holes, swampy banks, and 
a sand and rock bottom. Wooley and Crateau (1985} characterized the habitat as having a mean 
depth of 11.0 m (36.1 ft}, water depths ranged from 8.0 to 18.0 m (26.2 to 59.0 ft) and 
velocities ranged from 0.58 to 0. 75 mis (1.9 to 2.46 ft/s} with a mean velocity of .60 mis (1.97 
ft/s}. 

Swift et al. (1977} reported that local fishermen believed that Gulf sturgeon spawning occurred 
in June in the deeper holes and "lakes" along the rivers. Swift also reported that Gulf sturgeon 
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were caughtby sport fishermanfrom deepholesin the Apalachicola Riverbelow JimWoodniff
Damduring the spring and fallin thelate 1950’s to thelate 1960’s.

The WES reportedthe river conditionsduring collectionof two Gulf sturgeonfrom the west
Middle Pearl Riveron March 1, 1995. The conditionsfor at the surfaceandin 7.62m (25 ft)
of water were:temperatureof 15.30C (59.60F) and 15.30C (59.50F); conductivity of 68
j~imho’s/cm; dissolved oxygen of 9.09 and 8.80 mg/I; pH of 6.64 and 6.57;andturbidity atthe
surfaceof 32 NTU (M. Chan,personalcommunication).

~Bradshaw(personal communication)notedthat62 of 63 of theGulf sturgeon collectedfrom the
EastPearl Riverat river km 32.2(river mi 20) in 1985 were from one location, a deep, 12.2
m(40 ft) hole. He also reported that another Gulf sturgeon was captured at the samelocatidn
in 1988.

Swift et al. (1977) notedthatyoung Gulf sturgeonwere reportedlycapturedin shrimptrawls in
ApalachicolaBay. Muddy, soft bottomsubstrates, thedominanthabitatof the Bay, comprise
about78% of theopenwaterzone (Livingston1984). WooleyandCrateau(1985)reportedone
Gulf sturgeonwas captured3.2 km (2.0 mi) from the mouth of ApalachicolaRiver in theBay
in approximately2 m (6.6ft) depthover a mudsubstrate. Several Gulf sturgeonwerecollected
from Gulfwatersadjacentto ApalachicolaBay (WooleyandCrateau1985). OneGulf sturgeon
wascaught1.2 km (.75mi) southof CapeSt. Georgein6 m (19.7 ft) of waterandanotherGulf
sturgeonwascaptured1.6 km (1.0 mi) southof CapeSanBias in 15 m (49.2 ft) of water.
Limited stomach analysesfrom Suwanneeand ApalachicolaRiver Gulf sturgeonindicate that
mud andsandbottomsandseagrass communitiesare probablyimportant marinehabitats forGulf
sturgeon(MasonandClugston1993).

Migration andMovement

The movementsof Gulf sturgeonin the Apalachicola,Suwannee,Pearl, andChoctawhatchee
rivershave beenandare beingmonitoredby ultrasonic andradio telemetryandby conventional
fish sampling gear(Foster1993;Carr 1983; Wooleyand Crateau1985; Odenkirk 1989; Rogihio
1993; Clugstonet al., in press;Potaket al. 1995; 5. Carr, unpublisheddata; Odenkirket al.,
unpublished manuscript; F. Parauka, personal communication; H. Rogillio, personal
communication). In general,subadultandadultGulf sturgeonbeganto migrateinto rivers from
theGulf of Mexico as river temperaturesincreased toabout 16 to 230C(60.8 to 75.00F). They
continuedto immigrate throughearly May, but most arrive whentemperaturesreach 210C.
Gulf sturgeonhave beencollected as far upstreamas river km 221 (river mi 137.3) in the
Suwannee River. In the Suwannee River,mostradio-trackedGulf sturgeon appearedto settle
into four 3.0 to 15.0 km (1.9 to 9.3 mi) long reachesof the river during the summer(Foster
1993). Upstreammigrationin theApalachicolaRiver is blockedat river km 171 (rivermi 106.3)
by the JWLD. Nearly all radio-trackedGulf sturgeonremainedin thedam tailraceduring the
summer(Wooley andCrateau1985; Odenkirk 1989).
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Wooley andCrateau(1985)reportedthatof 99Gulf sturgeontagged belowJWLD, Apalachicola
River, 6 were incidentallycapturedby shrimptrawlersduring the fall seasonin~ Apalachicola
Bay and the adjacentGulf of Mexico. Bradshaw (personal communication)notesthreeGulf
sturgeonhe coilectedandtaggedin 1985from the EastPearl Riverat river km 32.2 (river mi
20) thatwere incidentallycaughtby shrimpersin MississippiSoundin thefall of thatyear.One
Gulf sturgeon,a 53.0 cm(2~.9 in) FL individual, wascaughtnearthewesttip of CatIsland,
adistanceof 64.6km (40 mi) from the releasepoint on the river.

Subadultandadult Gulf sturgeonin the Suwanneeand ApalachicolaRivers generally began
downstreammigrationin late SeptemberandOctober. Wooley andCrateau(1985) found that
the Gulf sturgeonat the JWLD begantheir downstream migrationin late fall when the
temperaturedroppedto 230C (73.40F). Most returnto the estuaryor the Gulf of Mexico by
mid-Novemberto earlyDecember.In theSuwanneeRiver, youngGulf sturgeonfrom about0.3
to 2.5 kg (0.7 to 5.5 lb) remainedat theriver mouth duringthe winter andspring andwerethe
only Gulf sturgeoncapturedduring December, Januaryandearly Februaryover a threeyear
period from late 1987 to 1991 (Clugstonet al. 1995). Basedon mark-recapturedata, these
young fish did not appearto venturefar into the Gulf of Mexico. Tagging (J. Clugston,
unpublisheddata)andotherlife history studies(Huff 1975)found small Gulf sturgeonat river
distributaries indicating that theywere spawnedin the Suwannee River.

Radio telemetry studies onthe ChoctawhatcheeRiver conductedby NCSU in the summerof
1994, foundthat25 taggedGulf sturgeondid notdistributethemselvesuniformly throughoutthe
river and did notoccupythe deepestor coolestwateravailable(Potaket al. 1995). Most fish
were concentratedin relatively shallow straight stretchesof the river. Of the 25 fish, 23
remainedwithin two primary summerholding areasin the middle to lower river. They were
found outsidethe main channel,wherewatervelocities werelessthanthemaximumavailable.
Most of the fish were in water depths of 1.5 to 3.0 m (4.9 to 9.9 ft) andsubstrates weresilt or
clay.

Tagging and radio telemetry studies conducted by the LDWFduring 1993 and 1994 showed
subadult andadult Gulf sturgeon frequentedormovedbetweenspecificareasfrom May through
September.The mostsouthernsite is known asthe DrumHole onthewest Middle Pearl River
to the upperand lower FridaysDitch on the westMiddle PearlRiver. Telemetrydatashowed
movementof fishbetweenFridaysDitch to theWestPearlRiverat PowerlineandYellow Lake.
Movementwasalsoobservedfrom Gulf sturgeontaggedfrom theBoqueChitto River belowthe
sill at the canal and Lake Pontchartrain at Bayou Lacombe (H. Rogillio, personal
communication).

Threesonic-taggedGulf sturgeonwere trackedinto salinewaterandmonitoredin Apalachicola
Bay for one to four hours in late October 1987. In November 1989, a Gulf sturgeonwas
monitored in ApalachicolaBay for 72 hours and tracked for 30.0km (18.6 ml) (FWS 1988,
1989). FourGulf sturgeonwere similarly trackedin late October1991 outsidethe Suwannee
River and remainedfor abouta week in waterdepthsof 3.0 m (9.8 ft) and 5.0 km(3.1 mi)

offshore in an areaof mud bottom(Carr, unpublisheddata).
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Gulf sturgeontagging studiesin the ApalachicolaandSuwanneerivers demonstratethe high
probabilityof recapturein thesame riverin whichthe fish weretagged. Between1986to 1992,
approximately3,750 Gulf sturgeonwere taggedin the SuwanneeRiver, and of nearly 700
recaptures,all but two were recoveredin the Suwannee River.Thosetwo recapturesoccurred
in the ApalachicolaRiver andoffshorenearTarponSprings,Florida. From 1981 to 1993, a
total of 350 Gulf sturgeonwere tagged in the ApalachicolaRiver. Of those, 160 were
recapturedin the ApalachicolaRiver, while six individuals were recapturedin the East Passof
the SuwanneeRiver (S. Carr, unpublished data)and onewas recapturedin the Ochiockonee
River (F. Parauka, personalcommunication). Of those six individuals recapturedin the
SuwanneeRiver, three werere~apturedthe following year in the EastPass. Radio-tracking
further suggests that individu~Js return to the sameareaof the river inhabitedthe previous
summer(Foster1993; Carr, unpublisheddata; FWS/PanamaCity, unpublisheddata).

Small Gulf sturgeonwere notedto movesouthwardalong thewestern Florida coast to Florida
Bay during the winters of 1957, 1959,and 1962 (D. Robins in personalcommunicationto
Wooley and Crateau 1985). Severalsturgeon,estimatedat 60 cm (23.6 in) FL, were also
collected in fish traps in Government Cut, Miami, Florida during the winters of 1957, 1959, and
1962(D. Robins, personalcommunication).Vladykov examinedoneofthespecimensinternally
and determinedit to be A. o. desotoi. These occurrencesmay have beenin responseto
unusuallylow winter temperatures.

Stocks

Stabile etal. (unpublishedmanuscript)usedRFLP analysisof mitochondrial DNA(mtDNA) of
Gulf sturgeoncollectedfrom si~,c geographicallydisjunct drainagesalong theGulf of Mexico.
The river systems included the Suwannee,Apalachicola, Ochlockonee, Blackwater, and
Choctawhatchee rivers in Florida and the Pearl River in Louisiana/Mississippi. Their
preliminary dataanalysisindicatesthat thereare significant differencesamong Gulf sturgeon
stocks. They found themost notable difference existedbetweenthe ChoctawhatcheeRiver
samplesandsamplesfrom otherGulf of Mexico rivers. In addition, theresults indicatedabreak
between the Apalachicola/Suwanneeriver populationsand populationsto the west of the
ApalachicolaRiver. Further, their data suggestthat Gulf sturgeondisplay region-specific
affinities and may exhibit river-specific fidelity.

Stabile et al. (unpublishedmanuscript) alsoindicatedpopulation-level polymorphismsusing
direct sequenceanalysisin sturgeonfrom theGulf coastrivers. They found thatGulf sturgeon
analyzedfrom thePearl Riverexhibitedhaplotypesthatweredifferentfrom all other Gulfcoast
samples. Polymorphismsat othersites indicated possiblyuseful markers fordiscriminating
sturgeonfrom the Choctawhatcheeand Yellow rivers. No significant differencesof mtDNA
baplotypeswerefound amongGulfsturgeonfrom theeasternGulf coast. However,theseresults
are considered tentativebecauseof the small samplesize.
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Food Habits

In theSuwanneeRiver, stomachsof Gulf sturgeon38 to 188 cm(15.0 to 74.0in) FL caughtin
commercialgill nets 10.0m (32.8 ft), 24.5 cm (9.4 in) stretch fishedin thelower river in East
Passcontaineddigestedaquatic plantmaterialinterspersedwith crabhardparts(probablyblue
crab, Callinectes sapidus).The relative abundanceof crabparts was greaterin stomachsof
migrantsenteringthe river in springandusually absentfrom thoseexiting in fall (Huff 1975).
Gammaridean amphipodswere primarilyfound in smallerschooledGulf sturgeon<82.0 cm
(32.3 in) caughtwith trammel netsin shallow water 1.0 to 2.0 m (3.3 to 6.6 ft) in depth over
a sandbankat theriver’smouth(Alligator Pass). Theseprey speciesareassociatedwith sandy
substrates. Other food items includedisopods(Cyathuraburbanki), midge larvae,mud shrimp
(Callianassidae),oneeel (Moringua sp.), andunidentifiableanimal or vegetablematter. Huff
concludedthat thesesmall Gulf sturgeon occupieda differenthabitatthanlargerGulf sturgeon
harvestedin thegill net fishery.

Mason andClugston(1993) studied the food habits of Gulf sturgeonon the SuwanneeRiver
from 1988 to 1990. In the spring, immigrating subadult and adult Gulf sturgeon collected from
the river mouth contained ganimarid, haustoriid,and other amphipods, polychaete and
oligochaeteannelids, lancelets,and brachiopods. However,once in freshwater, theseGulf
sturgeon did not eat as evidenced by the presence of only a greenish-tinged mucus in their guts
duringJunethroughOctober. StephenCarr(unpublisheddata)found in theSuwanneeRiverthat
immigrating,sexuallymatureGulf sturgeonwere mainlyempty of food; however,of fooditems
present,brachiopods andmudshrimpdominated. By contrast,a 13.6kg (30.0 lb) Gulfsturgeon
was capturedby bait trawlerson RedBank Reef threemiles from the mouthof the Suwannee

- - River in spring 1986. Its stomach contained six species of lugworm, two speciesof clam, five
speciesofcrustacea,an echinoderm(sanddollar),an unidentifiable marinewormandtwo dozen
lancelets(S. Carr, unpublisheddata). Mason andClugston(1993) found that small Gulf
sturgeon(0.5 to 4.0 kg) (1.1 to 8.8 lb) collectedat theriver mouth duringthewinter andearly
springcontained amphipodand isopodcrustaceans,oligochaetes,polychaetes,andchironomid
and ceratopogonidlarvae. Although the guts of theseyoungGulf sturgeoncontainedsmall
amountsof food as they migrated upstreamto about river km 55 (river mi 34), they too
containedonly a detrital massandwere essentiallyempty in the freshwaterreachesduring the
summerandfall. It remainsunclearwhy mostsubadultandadultGulf sturgeonfeed for three
to four months in a marine environmentand enter fresh waterwherethey do not feed for the
following eight or nine months.

Growth

Huff (1975) used crosssectionsof pectoral fmrays to estimatethe ageof 631 Gulf sturgeon
collectedfrom the Suwannee River. Becausebackcalculationusing fm ray sectionswas not
possible,meanfork lengthsfor fish ages 1 through17 were calculated (Figure3). Meanfork
lengthat age1 was approximately35.0cm (13.8in) and increased toapproximately145.0cm
(57.1 in) at age17.
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Figure 3: Length-range
Gulf sturgeon age groups 1 to

diagramand regressionline,
17, from 1972 to 1973 (Huff 1975)

Cross sectionsof pectoral fmrays were also usedto estimate theage of 76 Gulf sturgeon
collected from the Apalachicola River,Florida from 1982 to 1990 (Jenkins, unpublished
manuscript). Fish rangedfrom 2 to 28 yearsold with lengthsand weightsrangingfrom 47.0
to 227.0cm (18.5 to 89.4 in) and 0.2 to 90.7 kg (0.4 to 200.0 lb). Fin rays from four fish
exhibitedpossiblespawningbelts. Averagegrowthwas24.0cm (9.4 in) peryearfor fish two
to five yearsold, and 8.0cm (3.1 in) per year to the age of eight. Fish markedand later
recaptured exhibitedsimilar large growth variations which may be the result of sexual
dimorphism. The time of annulusformationwas inthelatesummerand fall, which is a period
of weightloss accordingto mark-recapturestudies.

Can(1983) found thaton theaverage,markedGulf sturgeonfrom theSuwanneeRiver gained
30% of body weight in one year. He also noted that little or no growth was seenwhen
recaptureoccurredduring thesameseasonand a little weight was lost by some. Wooley and
Crateau(1985)notedthatGulf sturgeon80.0to 114.0 cm (31.5to 449in) FL taggedin early
summerin the ApalachicolaRiver below JWLD and subsequentlyrecapturedin the samearea
in July andSeptemberexhibitedweight lossesof 4% to 15% or 0.5 to 2.3 kg (1.1 to 5.1 lb).
Gulf sturgeonfrom 75.5 to 101.0cm (29.7to 39.8 in) FL taggedin Septemberand recaptured
the following year between Mayand September,after spendingthe winter period feeding in
ApalachicolaBay and/or theGulf of Mexico, showedweight gainsof 35% to 137% or 4.3 to
10.2 kg (9.5 to 22.5 Ib). Thesegrowth ratesare considerednormal for youngGulf sturgeon.
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Figure 3: Length-range diagram and regression line, 
Gulf sturgeon age groups 1 to 17, from 1972 to 1973 (Huff 1975) 
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The recapture of 229marked fish provided an opportunity to calculate seasonal growthratesof
Gulf sturgeonin the SuwanneeRiver(Clugstonetal. 1995). It appearsthatGulf sturgeongain
weight only during the winter andspring while in marineor estuarinewaters andloseweight
duringthe eight to nine monthperiodwhile in freshwater. In general,Gulf sturgeonweighing
between7.0 kg (15.4 lb) and27.0kg (59.5 lb)grewabout 11.0 cm (4.3 in) and gained2.0 to
3.0 kg (4.4 to 6.6 lb) per year. In nearly all cases,however, fish that were markedand
recapturedduringthesamesummerlostweight. Thoserecapturesthatspannedthethreeor four
monthsthatmostfish werein theGulf of Mexicoincreasedin weight. Likewise,theyoungfish
collectedat the mouth of theriver duringthe winter andspring and recapturedduringthe same
periodincreasedin weight. Lengthsandweightsweremonitoredfor two Gulf sturgeon hatched
and rearedfor 17 monthsunderlaboratoryconditions (Masonet al., 1992). In the first year
thesefish grew to 71.9cm (28.3 in) and63.4cm (25.0 in) in total lengthand to weights of
1.9 kg (4.2 lb) and 1.4 kg (3.1 lb). After 17 months they grew to 84.6 cm (33.3 in) and
78.7cm (31.0in) andto 3.1 kg (6.7 Ib) and 2.7kg (6.0 Ib). Thesetwo fish receivedspecial
treatment, and their growth in the laboratory may not represent growthof wild fish.
Nevertheless, thedatarepresentthefirst measuredgrowthof youngGulf sturgeonandprovide
insight into the species’ growth potential.

Reproduction

Timing, locationandhabitatrequirements forGulf sturgeonspawningarenot well documented.
Most subadultandadultGulf sturgeonascend coastalrivers from theGulf of Mexico from mid-
FebruarythroughApril when someadults aresexuallymatureand in ripe condition. Studies
conducted onthe Apalachicola Riverresultedin theonly knowncollectionof wild Gulf sturgeon
larvae. Two larvae were collectedat river km 168 (river mi 104.2); one on May 11, 1977
(Wooleyet al., 1982) andone on May 1, 1987 (Fosteret al., 1988). At the time of the 1977
collection, thesurfacewatertemperaturewas 23.90C (75.00F), water depth4.2 m (13.78ft),
flow 365.0 m3/s(12,888.0ft3/s), andvelocityof .67 m/s(2.2 ft/s). During the 1987collection
the surfacewatertemperaturewas 21.60C(70.90F),water depth4.2 m (13.8 ft), flow 437.0
m3/s (15430.0ft3/s), velocity not measured. The larvacollected in 1977 was estimatedto be
1 to 2 daysold while theother larvawas estimatedto be a few hoursold. A third larvawas
collectedon April 3, 1987 at river km 18.7 (river mi 11.6) ata watertemperatureof 16.10C
(61.00F), waterdepth7.9 m (25.9ft), flow not measured,and velocity .96 m/s (3.2 ft/s). The
larva wasestimatedto be about1 to 1.5 daysold (FWS 1988).

Huff (1975) spentconsiderabletime using anchoredplanktonnets tocollectGulf sturgeoneggs
and larvaein theSuwanneeRiverbut wasunsuccessful.However, two Gulf sturgeoneggswere
collectedin the river on April 22, 1993(MarchantandShutters,unpublished manuscript).The
eggswere collectedin water depthsof 5.5 m and 7.3 m (18.0 ft and 24.0 ft) and water
temperature18.30C (65.00F) at river km 215 (river mi 134.2), just downstreamof the
confluenceof the Alapaha River. Additional eggswerecollectedduringlate March andApril
1994 at river km 201 to 221 (river mi 124.9 to 137.3)when water temperaturesrangedfrom
18.80Cto 20.10C (65.80Fto 68.20F)(SmithandClugston, unpublished manuscript).From
1988 through1992,GulfsturgeoninvestigationswereconductedthroughouttheSuwanneeRiver
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recapture of 229 marked fish provided an opportunity to calculate seasonal growth rates of 
Gulf sturgeon in the Suwannee River (Clugston et al_. 1995). It appears that Gutt sturgeon gain 
weight only during the winter and spring while in marine or estuarine waters aoo lose weight 
during the eight to nine month period while in fresh water. In general, Gulf sturgeon weighing 
between 7.0 kg (15.4 lb) aqd 27.0 kg (59.5 lb) grew about 11.0 cm (4.3 in) and gained 2.0 to 
3.0 kg (4.4 to 6.6 lb) per year. In nearly all cases, however, fish that were marked and 
recaptured during the same summer lost weight. Those recaptures that spanned the three or four 
months that most fish were in the Gulf of Mexico increased in weight. Likewise, the young fish 
collected at the mouth of the river during the winter and spring and recaptured during the same 
period increased in weight. Lengths and weights were monitored for two Gulf sturgeon hatched 
and reared for 17 months under laboratory conditions (Mason et al., 1992). In the first year 
these fish grew to 71.9 cm (28.3 in) and 63.4 cm (25.0 in) in total length and to weights of 
1.9 kg (4.2 lb) and 1.4 kg (3.1 lb). After 17 months they grew to 84.6 cm (33.3 in) and 
78.7 cm (31.0 in) and to 3.1 kg (6.7 lb) and 2.7 kg (6.0 lb). These two fish received special 
treatment, and their growth in the laboratory may not represent growth of wild fish. 
Nevertheless, the data represent the first measured growth of young Gulf sturgeon and provide 
insight into the species' growth potential. 

Reproduction 

Timing, location and habitat requirements for Gulf sturgeon spawning are not well documented. 
Most subadult and adult Gulf sturgeon ascend coastal rivers from the Gulf of Mexico from mid
February through April when some adults are sexually mature and in ripe condition. Studies 
conducted on the Apalachicola River resulted in the only known collection of wild Gulf sturgeon 
larvae. Two larvae were collected at river km 168 (river mi 104.2); one on May 11, 1977 
{Wooley et al., 1982)-and one on May 1, 1987 (Foster et al., 1988). At the time of the 1977 
collection, the surface water temperature was 23.9°C (75.0°F), water depth 4.2 m (13. 78 ft), 
flow 365.0 m3/s (12,888.0 ft'/s), and velocity of .67 mis (2.2 ft/s). During the 1987 collection 
the surface water temperature was 21.6°C (70.9°F), water depth 4.2 m (13.8 ft), flow 437 .0 
m3/s (15430.0 ft3/s), velocity not measured. The larva collected in 1977 was estimated to be 
1 to 2 days old while the other larva was estimated to be a few hours old. A third larva was 
collected on April 3, 1987 at river km 18._7 (river mi 11.6) at a water temperature of 16.1 °C 
(61.0°F), water depth 7.9 m (25.9 ft), flow not measured, and velocity .96 mis (3.2 ft/s). The 
larva was estimated to be about 1 to 1.5 days old (FWS 1988). 

Huff (1975) spent considerable time using anchored plankton nets to collect Gulf sturgeon eggs 
and larvae in the Suwannee River but was unsuccessful. However, two Gulf sturgeon eggs were 
collected in the river on April 22, 1993 (Marchant and Shutters, unpublished manuscript). The 
eggs were collected in water depths of 5.5 m and 7.3 m (18.0 ft and 24.0 ft) and water 
temperature 18.3°C (65.0°F) at river km 215 (river mi 134.2), just downstream of the 
confluence of the Alapaha River. Additional eggs were collected during late March and April 
1994 at river km 201 to 221 (river mi 124.9 to 137.3) when water temperatures ranged from 
18.8°C to 20.1 °C (65.8°F to 68.2°F)(Smith and Clugston, unpublished manuscript). From 
1988 through 1992, Gulf sturgeon investigations were conducted throughout the Suwannee River 
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using planktonnets,small-meshtrapnets,trawls and gillnets,andelectrofishing equipment.The
smallestGulf sturgeoncollectedwasa 30.6cm (12.0 in) specimen weighing85.0 g (0.2lb) at
river km 215.0(river mi 133.6)on December3, 1991 (Clugstonet al. 1995).

StephenCarr andF. Tatman(unpublisheddata)found that 15 ultrasonic-taggedgravid females
were associatedwith springsbetweenriver kms32.0and145.0 (river ml 19.9and90.1) in the
Suwannee River. The bottomhabitatssurroundingthe springs consistmainly of rock. Their
consistentassociationwith thesespringshas led to Carr’sspeculationthatspawningoccursin
theseareas.

Remnantreproductivepopulationsmay still occur in manysmall andlargerivers draininginto
the Gulf where Gulf sturgeonhave historically ranged. Infrequent anecdotal reportsand
incidental capturesof small Gulf sturgeonindicate that reproductionis occurringin tributary
rivers. Small Gulf sturgeonarecloselyassociated withtheriver basinwheretheywerespawned
(river-specific affinity). This hasbeendemonstratedin the SuwanneeRiver andApalachicola
River/Baydistributaries,by theoccurrenceof similar size Gulf sturgeonin similar depths,and
on similar substrate. Any analogousoccurrenceof small Gulf sturgeonsuggeststhat a
reproducingpopulationremainsnearby.

Spawning Age

Huff (1975) found that sexuallymaturefemalesrangedin age from 8 to 17 yearsandsexually
mature malesfrom 7 to 21 yearsin the Suwannee River. The youngestripe femalespecimen
andtheoldest immaturefemalewere age 12. The youngestripe malespecimen was9 yearsold
and the oldest immaturemale was age 10. Jenkins(unpublishedmanuscript)estimateda ripe
male capturedfrom the SuwanneeRiver in 1990 to be six to seven yearsold.

Fecundity

Chapmanet al. (1993) reported thatthreematureGulf sturgeonhad458,080, 274,680,and
475,000 eggs and were estimatedto have an averagefecundity of 20,652 eggs/kg (9,366
eggs/lb). Smith et al. (1980) estimatedthat Atlantic sturgeonweighing 50.0 and 100.0 kg
(110.2 and 220.5 lb)would yield over 400,000and 1,000,000eggs,respectively.

Gulf sturgeoneggsare demersaland adhesive(Vladykov 1963; Huff 1975; Paraukaet al., 1991;
Chapmanetal., 1993). The eggsareglobular and vary in color from gray to brownto black.
Smith et al. (1980)reported thatAtlantic sturgeoneggs rangedin size from 2.5 to 3.0 mm(0.10
to 0.12 in) in diameter. Paraukaet al., (1991) found that eggsfrom Gulf sturgeonaveraged
2.10 and2.20mm (0.08 to 0.09 in) in diameter.

Reproductionin Hatcheries

Hormone-induced ovulationand spawningof Gulf sturgeonwas accomplishedin 1989 at a
portable hatcherylocatedon the SuwanneeRiver andat the WelakaNationalFishHatchery in

20

plankton nets, small-mesh trap nets, trawls and gill nets, and electrofishing equipment. The 
smallest Gulf sturgeon collected was a 30.6 cm (12.0 in) specimen weighing 85.0 ,g (0.2 lb) at 
river km 215.0 (river mi 133.6) on December 3, 1991 (Clugston et al. 1995). 

Stephen Carr and F. Tatman (unpublished data) found that 15 ultrasonic-tagged gravid females 
were associated with springs between river kms 32.0 and 145.0 (river mi 19.9 and 90.1) in the 
Suwannee River. The bottom habitats surrounding the springs consist mainly of rock. 1beir 
consistent association with these springs has led to Carr's speculation that spawning occurs in 
these areas. 

Remnant reproductive populations may still occur in many small and large rivers draining into 
the Gulf where Gulf sturgeon have historically ranged. Infrequent anecdotal reports and 
incidental captures of small Gulf sturgeon indicate that reproduction is occurring in tributary 
rivers. Small Gulf sturgeon are closely associated with the river basin where they were spawned 
(river-specific affinity). This has been demonstrated in the Suwannee River and Apalachicola 
River/Bay distributaries, by the occurrence of similar size Gulf sturgeon in similar depths, and 
on similar substrate. Any analogous occurrence of small Gulf sturgeon suggests that a 
reproducing population remains nearby. 

Spawning Age 

Huff (1975) found that sexually mature females ranged in age from 8 to 17 years and sexually 
mature males from 7 to 21 years in the Suwannee River. The youngest ripe female specimen 
and the oldest immature female were age 12. The youngest ripe male specimen was 9 years old 
and the oldeat immature male was age 10. Jenkins (unpublished manuscript) estimated a ripe 
male captureli from the Suwannee River in 1990 to be six to seven years old. .:.; 

Fecundity 

Chapman et al. (1993) reported that three mature Gulf sturgeon had 458,080, 274,680, and 
475,000 eggs and were estimated to have an average fecundity of 20,652 eggs/kg (9,366 
eggs/lb). Smith et al. (1980) estimated that Atlantic sturgeon weighing 50.0 and 100.0 kg 
(110.2 and 220.5 lb) would yield over 400,000 and 1,000,000 eggs, respectively. 

Gulf sturgeon eggs are demersal and adhesive (Vladykov 1963; Huff 1975; Parauka et al., 1991; 
Chapman et al., 1993). The eggs are globular and vary in color from gray to brown to black. 
Smith et al. (1980) reported that Atlantic sturgeon eggs ranged in size from 2.5 to 3.0 mm (0.10 
to 0 .12 in) in diameter. Parauka et al., (1991) found that eggs from Gulf sturgeon averaged 
2.10 and 2.20 mm (0.08 to 0.09 in) in diameter. 

Reproduction in Hatcheries 

Hormone-induced ovulation and spawning of Gulf sturgeon was accomplished in 1989 at a 
portable hatchery located on the Suwannee River and at the Welaka National Fish Hatchery in 
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Florida (Paraukaet aL, 1991). The project was ajoint effort involving the FWS, CCC,and
Universityof California, Davis. The initial spawningproduced5,000fry for fishery research.
In 1990, 1991,and 1992, the Universityof Florida, the FWS, andCCC againsuccessfully
inducedspawning and producedabout60,000fry for fish culture programs.Hatchingtimefor
the artificially spawnedGulf sturgeoneggsrangedfrom 85.5hr at 18.40C (65.10F)to 54.4 hr
at about23.00C(73.40F)(Figure4) (Paraukaet al., 1991). Also, at tem~~eraturesrangingfrom
15.6to 17.20C(60.1 to 63.00F)and19.5 to 21.00C(67.1 to 69.8F),eggshatchedin 95 and
65 to 70 hr, respectively(FWS 1991b). Chapmanet al. (1993)reportedthatartificially spawned
Gulf sturgeon eggs incubated at 200C (680F) hatched in 3.5 days. Hatchingtime for Atlantic
sturgeoneggshasbeenreportedto be 94 hr at 20.00C(68.00F)(Dean1893), 121 to 140hr at
16.0to 19.00C(60.8 to 66.20F)(Smithet al., 1980)and168hrat 17.80C(64.00F)(Vladykov
andGreeley 1963). One-hour-oldGulf sturgeonlarvae, hatchedunderartificial conditionson
the SuwanneeRiver in 1989, rangedin lengthfrom 0.66 to 0.71 cm (0.26to 0.28 in) with a
mean lengthof 0.69cm(0.27 in) (Paraukaet al., 1991). Hatchingsuccessrangedfrom 5 to
10%.

Figure4: Gulf sturgeonegg incubationperiods

at different meanwatertemperature(F. Paraukaet al., 1991; FWS 1991b).

Predator/PreyRelationshiDs

Van Den Avyle (1984) notedthere was little written regardingcompetitorsand predatorsof
sturgeon. He pointed out that many fishspecieslive in the samewatersas sturgeonand that
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(Parauka et al., 1991). The project was a joint effort involving the FWS, CCC, and 
University of California, Davis. The initial spawning produced 5,000 fly for fishery research. 
In 1990, 1991, and 1992, the University of Florida, the FWS, and CCC again successfully 
induced spawning and produced about 60,000 fry for fish culture programs. Hatching time for 
the artificially spawned Gulf sturgeon eggs ranged from 85.5 hr at 18.4°C (65.1 °F) to 54.4 hr 
at about 23.0°C (73.4°F) (Figure 4) (Parauka et al., 1991). Also, at tenq>eratures ranging from 
15.6 to 17.2°C (60.1 to 63.0°F) and 19.5 to 21.0°C (67.1 to 69.8°F), eggs hatched in 95 and 
65 to 70 hr, respectively (FWS 1991b). Chapman et al. (1993) reported that artificially spawned 
Gulf sturgeon eggs incubated at 20°C (68°F) hatched in 3.5 days. Hatching time for Atlantic 
sturgeon eggs has been reported to be 94 hr at 20.0°C (68.0°F) (Dean 1893), 121 to 140 hr at 
16.0 to 19.0°C (60.8 to 66.2°F) (Smith et al., 1980) and 168 hr at 17.8°C (64.0°F) (Vladykov 
and Greeley 1963). One-hour-old Gulf sturgeon larvae, hatched under artificial conditions on 
the Suwannee River in 1989, ranged in length from 0.66 to 0.71 cm (0.26 to 0.28 in) with a 
mean length of 0.69 cm (0.27 in) (Parauka et al., 1991). Hatching success ranged from 5 to 
10%. 
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Figure 4: Gulf sturgeon egg incubation periods 
at different mean water temperature (F. Parauka et al. , 1991; FWS 1991 b). 

Predator /Prey Relationships 

Van Den Avyle (1984) noted there was little written regarding competitors and predators of 
sturgeon. He pointed out that many fish species live in the same waters as sturgeon and that 
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there is the possibility forcompetition with other bottomdwelling species. In freshwater,
benthic feederscould compete with youngsturgeonor feed directly on eggs ~nd larvae.
Competitionwith Gulf sturgeon forfoodor spacein themarineenvironmentis unknown. Scott
and Crossman (1973) speculated that the sturgeon’s“size and protectiveplatesprotect it from
most predaceousfishes and its habitat andsecretivenessfrom otherpredators.”

ParasitesandDisease

Fish lice Argulusstizo~tethi,an ectoparasiticcopepod,have occasionallybeenobservedon the
operculaand gill filamentsand in thegut ofGulf sturgeoncollectedin freshandestuarinewater.
The numbersnoted were not significant (Mason and Clugston 1993; F. Parauka, personal
communication). Endoparasites, such as nematodes, trematodes, and leeches were noted in the
gutsof Gulf sturgeon (MasonandClugston1993). Five speciesof helminth parasitesand one
parasitic arthropod have been identified in Atlantic sturgeon from the St. JohnsRiver, New
Brunswick (Appey and Dadswell 1978). No detrimentaleffectsfrom theseparasiteswerenoted
in these studies.

The shovelnose sturgeonservesas hostfor glochidiaof threemusselspecies.Ratesof glochidial
infestationon fish gills are typically low, but thought not to be detrimental to the host (R.S.
Butler, personal communication). Huff (1975) reported tumor-like growths on severalGulf
sturgeon ovaries from the Suwannee River. Macroscopic tumors were found from 7.5% of gill-
nettedfemalesin Fall 1972, 3.5% of females inSpring 1973, and4.6% of femalesin Fall 1973.
Examination of this material revealed two types of growth (Harshbarger1975). One wasa
perifollicular pseudocyst (surrounding follicles) filled with proteinaceous fluid often containing
viable oocytes. The other type was a parafollicular serous cyst (a true separate fluid-filled cyst)
containingdenserproteinaceousfluid. Both typesareconsideredsubclinical,having little or no
effect on adjacentorgans, generalovarian development,fecundity, or spawningbehavior.
Microscopicslides(RTLA nos. 979 and980)containingthis materialwere accessioned bythe
Registryof Tumors in Lower Animals, Smithsonian Institution(Huff 1975). Moser andRoss
(1993) reportedthe captureof six Atlantic sturgeonfrom the BrunswickRiver, North Carolina
from Juneto September1991and in April 1992. Threeof the specimenwerein poorcondition
with abnormalitiescharacterizedby deformedmouths,lesionsoftheventralbuccal regionand/or
lesionsaroundthe eye. Oral, buccal, andventral lesionsor ulterations are commonsignsof
poor waterquality. Veterinariansexaminedanothersturgeonfrom the BrunswickRiver that
died without externalevidenceof disease andfound theliver and hearttissuesto be in poor
condition.

FACTORSCONTRIBUTINGTO THEDECLINE AND IMPEDIMENTS TO RECOVERY

Many membersof the family Acipenseridae, includingGulf sturgeon,virtually disappeared
throughouttheir rangesat theturn ofthe20thcentury. Theirdeclinewas likely causedby over-
exploitation andexacerbatedby dammingof rivers andother forms of habitatdestructionand
water quality deterioration,among other factors(Birstein 1993; Huff 1975; Barkuloo 1988;
McDowall 1988; SmithandClugston,unpublishedmanuscript).
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is the possibility for competition with other bottom dwelling species. In fresh water, 
benthic feeders could compete with young sturgeon or feed directly on eggs and larvae. 
Competition with Gulf sturgeon for food or space in the marine environment is unknown. Scott 
and Crossman (1973) speculated that the sturgeon's "size and protective plates protect it from 
most predaceous fishes and its habitat and secretiveness from other predators." 

Parasites and Disease 

Fish lice Argulus stizostethi, an ectoparasitic copepod, have occasionally been observed on the 
opercula and gill filaments and in the gut of Gulf sturgeon collected in fresh and estuarine water. 
The numbers :noted were not significant (Mason and Clugston 1993; F. Parauka, personal 
communication). Endoparasites, such as,nematodes, trematodes, and leeches were noted in the 
guts of Gulf sturgeon (Mason and Clugston 1993). Five species of belminth parasites and one 
parasitic arthropod have been identified in Atlantic sturgeon from the St. Johns River, New 
Brunswick (Appey and Dadswell 1978). No detrimental effects from these parasites were noted 
in these studies. 

The shovelnose sturgeon serves as host for glochidia of three mussel species. Rates of glochidial 
infestation on fish gills are typically low, but thought not to be detrimental to the host (R. S. 
Butler, personal communication). Huff (1975) reported tumor-like growths on several Gulf 
sturgeon ovaries from the Suwannee River. Macroscopic tumors were found from 7.5% of gill
netted females in Fall 1972, 3.5% of females in Spring 1973, and 4.6% of females in Fall 1973. 
Examination of this material revealed two types of growth (Harshbarger 1975). One was a 
perifollicular pseudocyst (surrounding follicles) filled with proteinaceous fluid often containing 
viable oocytes. The other type was a parafollicular serous cyst (a true separate fluid-filled cyst) 
containing denser proteinaceous fluid. Both types are considered subclinical, having little or no 
effect on adjacent organs, general ovarian development, fecundity, or spawning behavior. 
Microscopic slides (RTLA nos. 979 and 980) containing this material were accessioned by the 
Registry of Tumors in Lower Animals. Smithsonian Institution (Huff 1975). Moser and Ross 
(1993) reported the capture of six Atlantic sturgeon from the Brunswick River, North Carolina 
from June to September 1991 and in April 1992. Three of the specimen were in poor condition 
with abnormalities characterized by deformed mouths, lesions of the ventral buccal region and/or 
lesions around the eye. Oral, buccal, and ventral lesions or ulterations are common signs of 
poor water quality. Veterinarians examined another sturgeon from the Brunswick River that 
died without external evidence of disease and found the liver and heart tissues to be in poor 
condition. 

FACTORS CONTRIBUTING TO THE DECLINE AND IMPEDIMENTS TO RECOVERY 

Many members of the family Acipenseridae, including Gulf sturgeon, virtually disappeared 
throughout their ranges at the tum of the 20th century. Their decline was likely caused by over
exploitation and exacerbated by damming of rivers and other forms of habitat destruction and 
water quality deterioration, among other factors (Birstein 1993; Huff 1975; Barkuloo 1988; 
McDowall 1988; Smith and Clugston, unpublished manuscript). 
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Exploitation

The Gulf sturgeonwas heavily fishedbecauseof the high value of its eggsusedto produce
caviar andits flesh for smoking (Carr1983; J. Barkuboo,personalcommunication). Sturgeon
also provided isinglass, a ser~i-transparent gelatin prepared from the swim bladderandusedin
jellies, wine andbeerclarification, specialcements,andglues. Directedcommercial fishing
contributedto thedepletionofsturgeonpopulations. Aperiodiccommerciallandingstatisticsare
availablefrom 1887 to 1985 for Gulf sturgeon(Huff 1975; Futch 1984; Barkuboo 1988).
Commercial landingsdatafor the SuwanneeRiver are available for1981 to 1984 (Tatman,
unpublisheddata). These recordsshow that the only consistentfisheries for Gulf sturgeon
occurredinwestFlorida.TherewasadirectedfisheryinAlabama,whiletheraisnorecordof
adirectedcommercialfishery in Mississippi,only incidentalcatches. Davisetal., (1970)notes
aminorcommercialfisheryfor Gulf sturgeonin~ theLakePontchartrainandits tributariesduring
thelate 1960’s.

Recreationaland subsistence fishing may have contributed to population declines. A “snatch -
hook” recreationalfishery was popular on the ApalachicolaRiver, Florida, during the late
1950’s to 1960’s (Burgess 1963; Swift et al., 1977) and continued until 1984 when the State of
Florida enactedprotectivemeasures.

Incidental Catch

Incidental catch of Gulf sturgeon in other fisheries has been documented (Wooley and Crateau
1985;D. Mowbray,personalcommunication; H.Rogillio, personalcommunication).Incidental
capturesby commercialshrimpersandgill net fishermenin ApalachicolaBay were notedby
Wooley ~ Crateau(1985) and reported by Swift et al. (1977). Sucl~ catches have also
occurred in Mobile Bay, Tampa Bay, and Charlotte Harbor (J. Roussos, personal
communicgion; FDEP, unpublished data). The FWScaught a small Gulf sturgeon in St.
Andrew Bay while gill-net collecting for seatrout for contaminant analysis in 1986 (M. Brim,
personal communication). Gulf sturgeon are occasionally caught in Gulf coast rivers on set-
hooks targetingcatfish(J. Duffy, personalcommunication). Captures of young Gulf sturgeon
have beenreportedin blue crabtraps in the SuwanneeRiver estuary (F. Tatman, personal
communication). The incidentalcatchof Gulf sturgeonin the industrial bottomfish (petfood)
fishery in the north-centralGulf of Mexico from 1959 to 1963 was reportedby Roithmayr
(1965). The bottomfishfishery worked anareabetween Pointau Fer, LouisianaandPerdido
Bay, Floridafrom shoreto waterdepthsof about55 m (180ft). Hastings (1983)and Moserand
Ross (1993) report captureand disruption of spawningmigrationsof shortnoseand Atlantic
sturgeonin commercialgill netstargetedfor shadin the CapeFearRiver, North Carolina.

The LDWF recordsindicate 177 Gulf sturgeonwere incidentallycapturedand reportedby
commercial fishermen in southeastern Louisianaduring 1992 (H. Rogillio, personal
communication). Forty-four of theseGulf sturgeonwere deliveredto theLDWF field office or
helduntil LDWF employees couldsecurethem. Specimenswere generallyheld in captivity for
1 to 7 days by the fishermen. These sturgeonwere then measured,weighed, taggedand
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The Gulf sturgeon was heavily fished because of the high value of its eggs used to produce 
caviar and its flesh for smoking (Carr 1983; J. Barkuloo, personal communication). Sturgeon 
also provided isinglass, a seJUi-transparent gelatin prepared from the swim bladder and used in 
jellies, wine and beer clarification, special cements, and glues. Directed commercial fishing 
contributed to the depletion of sturgeon populations. Aperiodic commercial landing statistics are 
available from 1887 to 1985 for Gulf sturgeon (Huff 1975; Futch 1984; Barkuloo 1988). 
Commercial landings data for the Suwannee River are available for 1981 to 1984 (Tatman, 
unpublished data). These records show that the only consistent fisheries for Gulf sturgeon 
occurred in west Florida. There was a directed fishery in Alabama, while them. :is no record of 
a directed commercial fishery in Mississippi, only incidental catches. Davis~ ~t. (1970) notes 
a minor commercial fishery for Gulf sturgeon irr the Lake Pontchartrain and its tributaries during 
the late 1960's. 

Recreational and subsistence fishing may have contributed to population declines. A "snatch
hook" recreational fishery was popular on the Apalachicola River, Florida, during the late 
1950's to 1960's (Burgess 1963; Swift et al., 1977) and continued until 1984 when the State of 
Florida enacted protective measures. 

Incidental Catch 

Incidental catch of Gulf sturgeon in other fisheries bas been documented (Wooley and Crateau 
1985; D. Mowbray, personal communication; H. Rogillio, personal communication). Incidental 
captures by,. commercial shrimpers and gill net fishermen in Apalachicola Bay were noted by 
Wooley; ail Ctateau (1985) and·reported by Swift et al. (1977). Sucb catches have also 
occurred '<fu . Mobile Bay. Tampa Bay, and Charlotte Harbor (J. Roussos, personal 
communicaion; FDEP, unpublished data). The FWS caught a small Gulf sturgeon in St. 
Andrew Bay while gill-net collecting for seatrout for contaminant analysis in 1986 (M. Brim, 
personal communication). Gulf sturgeon are occasionally caught in Gulf coast rivers on set
hooks targeting catfish (J. Duffy, personal communication). Captures of young Gulf sturgeon 
have been reported in blue crab traps in the Suwannee River estuary (F. Tatman, personal 
communication). The incidental catch of Gulf sturgeon in the industrial bottomfish (petf ood) 
fishery in the north-central Gulf of Mexico from 1959 to 1963 was reported by Roithmayr 
(1965). The bottomfish fishery worked an area between Point au Fer, Louisiana and Perdido 
Bay, Florida from shore to water depths of about 55 m (180 ft). Hastings (1983) and Moser and 
Ross (1993) report capture and disruption of spawning migrations of shortnose and Atlantic 
sturgeon in commercial gill nets targeted for shad in the Cape Fear River, North Carolina. 

The LDWF records indicate 177 Gulf sturgeon were incidentally captured and reported by 
commercial fishermen in southeastern Louisiana during 1992 (H. Rogillio, personal 
communication). Forty-four of these Gulf sturgeon were delivered to the LDWF field office or 
held until LDWF employees could secure them. Specimens were generally held in captivity for 
1 to 7 days by the fishermen. These sturgeon were then measured, weighed, tagged and 
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releasedby departmentalpersonnel. Seventy-sixGulf sturgeonwerecapturedin trawls, 10 in
wing nets,and91 in gill nets. A mortality of lessthan 1% wasnoted. Thispercentageis based
on 177 Gulf sturgeonincidentally capturedby commercialfishermen and51 Gulf sturgeon
capturedby LDWF personnel duringa Gulf sturgeon statussurvey.

Bradshaw (personal communication) reported threetag returnsfrom Gulf sturgeonhe collected
in early 1985 whichwere incidentally caughtby shrimpersin MississippiSoundduringthefall
of thatyear. He alsonotedfinding threedeadGulf sturgeonincidentallycaughtby gillnetters
in the westernpart oftheSoundandrevived anotherGulf sturgeona gillnetterhad caught“on”
Horn Island in 1989.

Entrainmentof Acipenserguldenstadtiand A. stetlatuslarvae duringdred~ngoperationshas
beenassessedby Veshchev(1982) in the lower Volga River, Russia. He concludedthat
hydraulic dredging operations caused significantmortality of sturgeonlarvae in the Caspian
basin.

Hastings (1983)reportedanecdotalaccountsof adult sturgeonbeingexpelledfrom dredgespoil
pipeswhile conductinga studyon shortnosesturgeonon the Atlantic coast.Whetherthe “adult
sturgeon” wasan Atlantic or shortnosesturgeonwas not indicatedin the report.

Habitat ReductionandDegradation

Gulf sturgeonhaveevolvedwithin Gulf coastdrainagesthatexhibit seasonalpatternsof highand
low flows, temperature regimes, sedimentation,, and other physical factors. Provisionof these
essentiallife requirementsarepartof and dependenton a fully functionin~pcosystem.

Dams have limited sturgeon access to migration routes and historic spawnI~ig~re~s (Boschung
1976; Murawski and Pacheco 1977; Wooley and Crateau 1985; McDowall 1988) (Table 1).
While sturgeonareable topasssomewatercontrol structures, low-headdams,or sills during
high water, these structures can create barriers that preclude normal migration. An example of
complete migration restriction occurred in the St. Andrew Bay system, Bay County, Florida.
Anewspaper account from 1895 reports sturgeon were caught at the head of North Bay in upper
St. Andrew Bay (Womack1991). The accountnotesthat an averageof threesturgeona day
were caught and90.7kg (200Ib) of fish hadbeensmokedand on sale for $0.10 per lb. The
FGFC collectedfour Gulf sturgeon173.0 to 201.5 cm(68.1 to 79.3 in) in length from Bear
Creek, atributary to EconfinaCreekwhich drainsinto North Bay, in May of 1961. A dam was
placedacrossNorth Bay in 1962preventinganadromousfish migration, andno reportsof Gulf
sturgeonfrom abovethe damhave beenreportedsincethat time. Not only wasmigrationto the
creekscutoff, butapproximately2024 hectares(5,000acres)of estuarinehabitatwasconverted
into a fresh water lake.

Another exampleof complete restriction to Gulf sturgeonmigration is the JWLD on the
ApalachicolaRiver. Swift et al. (1977) noteda reportof aGulf sturgeonfrom the Flint River
nearAlbany, Georgiaprior to 1950. Huff (1975) notedGulf sturgeon migrated322 km
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by departmental personnel. Seventy-six Gulf sturgeon were captured in trawls, 10 in 
wing nets, and 91 in gill nets. A mortality of less than 1 % was noted. This percentage is based 
on 177 Gulf sturgeon incidentally captured by commercial fishermen and 51 Gulf sturgeon 
captured by IDWF personnel during a Gulf sturgeon status survey. 

Bradshaw (personal communication) reported three tag returns from Gulf sturgeon he collected 
in early 1985 which were incidentally caught by shrimpers in Mississippi Sound during the fall 
of that year. He also noted finding three dead Gulf sturgeon incidentally caught by gillnetters 
in the western part of the Sound and revived another Gulf sturgeon a gillnetter had caught "on" 
Hom Island in 1989. 

Entrainment of Acipenser guldenstadti and A. , 1tellatus larvae during ~ operations has 
been assessed by Veshchev (1982) in the lower Volga River, Russia. lie concluded that 
hydraulic dredging operations caused significant mortality of sturgeon larvae in the Caspian 
basin. 

' 
Hastings (1983) reported anecdotal accounts of adult sturgeon being expelled from dredge spoil 
pipes while conducting a study on shortnose sturgeon on the Atlantic coast. Whether the "adult 
sturgeon" was an Atlantic or shortnose sturgeon was not indicated in the report. 

Habitat Reduction and Degradation 

Gulf sturgeon have evolved within Gulf coast drainages that exhibit seasonal patterns of high and 
low flows, temperature regimes, sedimentation.., and other physical factQ~., Provision of these 
essential life requirements are part of and dependent on a fully functicup~ec'!system. 
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Dams have limited sturgeon access to migration routes and historlcr spa;w~g1WC.J.S (Boschung 
1976; Murawski and Pacheco 1977; Wooley and Crateau 1985; ~cDowall 1988) (Table 1). 
While sturgeon are able to pass some water control structures, low-head dams, or sills during 
high water, these structures can create barriers that preclude normal migration. An example of 
complete migration restriction occurred in the St. Andrew Bay system, Bay County, Florida. 
A newspaper account from 1895 reports sturgeon were caught at the head of North Bay in upper 
St. Andrew Bay (Womack 1991). The account notes that an average of three sturgeon a day 
were caught and 90.7 kg (200 lb) of fish had been smoked and on sale for $0.10 per lb. The 
FGFC collected four Gulf sturgeon 173.0 to 201.5 cm (68.1 to 79.3 in) in length from Bear 
Creek, a tributary to Econfma Creek which drains into North Bay, in May of 1961. A dam was 
placed across North Bay in 1962 preventing anadromous fish migration, and no reports of Gulf 
sturgeon from above the dam have been reported since that time. Not only was migration to the 
creeks cutoff, but approximately 2024 hectares (5,000 acres) of estuarine habitat was converted 
into a fresh water lake. 

Another example of complete restriction to Gulf sturgeon migration is the JWLD on the 
Apalachicola River. Swift et al. (1977) noted a report of a Gulf sturgeon from the Flint River 
near Albany, Georgia prior to 1950. Huff (1975) noted Gulf sturgeon migrated 322 km 
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Table 1: Examplesof reductionin availableriver habitat dueto dam, watercontrol
structure,or sill construction.

River/Watershed
Total
River
Length

Locationof
Impediment

Percent
Habitat

Remaining

St. Andrew Bay Drainage
Bear Creek, Lower Econfina Creek,

upper North Bay (now known as Deer P~ing Lake)
11 km

(6.8 ml)
Deer Point Dam
County Rd 2321

0%

Apalachicola, aaattahoochee,Flint River Basin
(to die taji line) 790 km

(491 ml)

JWLD
river km 172
(river ml 107)

22%

Mobile Bay Drainage Basin
Alabama River 1691 km

(1051 ml)

Claiborne Dam
river km 130
(river ml 81)

8%

TombigbeeRiver
988 kin
(614 ml)

Coffeeville Dam
river km 121
(river ml 75)

12%

Pearl River

During low water conditions

- -

-

772 km
(480 ml)

Ross Barnett Dam (RBD)
river km 486
(river ml 302)

Pools BluffSill
river km 78.3

(riverml48.7)

63%

10%
BogueChitto River

(dattngIow water cotxlitiom) ‘~ 217 km

(135 ml)

Boque Chifto Sill
riverkm6.4

(river ml 4)

3%

Amite River
274km
(170 mi)

control weir
riverkm40.7
(river ml 25.3)

15%

(200 mit) upstream in the Apalachicola-Chattahoochee-Flintriver system before the dam
construction in 1957. There are numerous anecdotal reports of Gulf sturgeon in the Flint and
Chattahoochee rivers prior to construction of JWLD (Swift et al. 1977). In spite of many
taggingstudiesconducted ontheApalachicola River,no tagshave beenreturnedasa resultof
Gulf sturgeonmovingupstreamof JWLD, nordoes evidenceexist that theGulf sturgeonpasses
thoughthe lock system(A. Carr, personalcommunication;U.S. Fish and Wildlife Service,
personalcommunication). The COF (1978) acknowledgedthat the dam on the Apalachicola
River adverselyaffect Gulf sturgeonby impedingupstreammigration.

An exampleof barriersthat limit movementis found in the PearlRiver basinabovethe Pools
Bluff andBogue Chitto Sills. Gulf sturgeonhavebeenreportedto be incidentally collected
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Table I: Examples of reduction in available river habitat due to dam, water co~l 
structure, or sill construction. 

= 
Total Location of Percent 

River/Watershed River Impediment Habitat 
Length Remaining 

St. Andrew Bay Drainqe 
Bear Creek, Lower Econfina Creek, 11km Deer Point Dam 0% 

upper North Bay (DOW known as Deer Point l...akc) (6.8 mi) County Rd 2321 
" 

Apalacbicola, Claattahoochee, Flint River Basin JWLD 
(to the fall line) 790 km river km 172 22% 

(491 mi) (river mi 107) 

Mobilt Bay Drainage Basin Claiborne Dam 
Alabama River 1691 km river km 130 8% 

(1051 mi) (river mi 81) 

Tombigbee River Coffeeville Dam 
988 km river km 121 12% 
(614 mi) (river mi 75) . 

Pearl River Ross Barnett Dam (RBD) 
river km 486 63% 

772 km (river mi 302) 
(480 mi) 

During low water conditions Pools Bluff Sill 
river km 78 .3 

t,, ~ ,; ' '. (rivel' mi 48.7) 10% •· 

Bogue Chitto River Boque Chino Sill 
(dutin& 1low water conditions) ~ ... ' ~ '. 217 km river km 6.4 3% 

(135 mi) (river mi 4) 

Amite River control weir 
274 km river km 40.7 15% 
(170 mi) (river mi 25.3) 

(200 mi) upstream in the Apalachicola-Chattahoochee-Flint river system before the dam 
construction in 1957. There are numerous anecdotal reports of Gulf sturgeon in the Flint and 
Chattahoochee rivers prior to construction of JWLD (Swift et al. 1977). In spite of many 
tagging studies conducted on the Apalachicola River, no tags have been returned as a result of 
Gulf sturgeon moving upstream of JWLD, nor does evidence exist that the Gulf sturgeon passes 
though the lock system (A. Carr, personal communication; U.S. Fish and Wildlife Service, 
personal communication). The COE (1978) acknowledged that the dam on the Apalachicola 
River adversely affect Gulf sturgeon by impeding upstream migration. 

An example of barriers that limit movement is found in the Pearl River basin above the Pools 
Bluff and Bogue Chitto Sills. Gulf sturgeon have been reported to be incidentally collected 
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abovethe Pools BluffSill as far north as the Ross BarnettReservoirspillway as late as 1984
(J. Stewart, personalcommunication; R. Jones, personal communication; W.McDearman,
personal communication;R. Bowker, personal communication). Based on gauge data
(COE, personal communication), the duration of water depths allowing passageof Gulf sturgeon
over the sills is limited at the BogueChitto Sill and lessrestrictiveat the PoolsBluff Sill
(Table 2). It appears Gulf sturgeon movement above the sills is alsopossiblethroughcutoffs
that havedevelopedsincethe constructionof the Pearl Rivernavigationcanal (H. Poitevint,
personal communication). However, Gulf sturgeon migration is entirely prevented above
Jackson,Mississippiby theRossBamettDam at river km 515 (river mi 320). Jones (personal
communication)reportsthatGulf sturgeonwerehistorically found abovethis area. He notes the
capture of a 154.2 kg (340 Ib) female Gulf sturgeon 2.3 m(7.5 ft) from theriver 32 km (20mi)
northof Jacksonin 1942.

Navigation activities including dam construction, dredging, dredged ?material, and other
maintenanceactionscouldadverselyaffectGulf sturgeon habitatsdependingon thelocationand
tuningof the activity. Eliminationof deepholesandalterationsof rock substratesresultin loss
of habitat for the Gulf sturgeonin the ApalachicolaRiver (Carr 1983; Wooley andCrateau
1985). At Rock Bluff, river km 148.8 (river mi 92.5), this deep, rockyareafrequently used
by Gulf sturgeon was filled with dredged spoil material drifting downstream from a within bank
disposalsite at river km 150 (river mi 93) during routinemaintenancedredging. This caused
Gulf sturgeon to cease use of this area as a regular habitat (Carr 1983, J. Barkuboo, personal
communication). The within bankdisposalsite is no longerused. Essentialhabitatsof young-
of-the-yearGulf sturgeon areunknown, so the impactsof dredgingon early life stagehabitats
of Gulf sturgeon are difficult to assess.

Table 2: Duration Data on Lower Pearl River Sills (COE, personal communication).

DepthOver Jj PercentEqualedor Exceeded

Sill (in) Pools BluffSill’ BogueChitto Sill2

.3m(1.Oft) 100 90

.61 ni (2.0 ft) 70 25

.9m(3.Oft) 48 10

1.2m(4.Oft) 35

1.5m(5.Oft) 28

l.8m(6.Oft) 24

2.lm(7.Oft) 18

‘Durationbasedon gaugedatafor PearlRiver at Bogulusa, Louisiana
2Durationbasedon gaugedatafor Bogue Chiuo River at Sun, Louisiana
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the Pools Bluff Sill as far north as the Ross Barnett Reservoir spillway as late as 1984 
(J. Stewart, personal communication; R. Jones, personal communication; W. McDearman, 
personal communication; R. Bowker, personal communication). Based on gauge data 
(COE, personal communication), the duration of water depths allowing passage of Gulf sturgeon 
over the sills is limited at the Bogue Chino Sill and less restrictive at the Pools Bluff Sill 
(Table 2). It appears Gulf sturgeon movement above the sills is also possible through cutoffs 
that have developed since the construction of the Pearl River navigation canal (H. Poitevint, 
personal communication). However, Gulf sturgeon migration is entirely prevented above 
Jackson, Mississippi by the Ross Barnett Dam at river km 515 (river mi 320). Jones {personal 
communication) reports that Gulf sturgeon were historically found above this area. He notes the 
capture of a 154.2 kg (340 lb) female Gulf sturgeon 2.3 m (7 .5 ft) from the rl~er 32 km (20 mi) 
north of Jackson in 1942. 

; 

Navigation activities including dam construction, dredging, dredged 'material, and other 
maintenance actions could adversely affect Gulf sturgeon habitats depending on the location and 
timing of the activity. Elimination of deep holes and alterations of rock substrates result in loss 
of habitat for the Gulf sturgeon in the Apalachicola River (Carr 1983; Wooley and Crateau 
1985). At Rock Bluff, river km 148.8 (river mi 92.5), this deep, rocky area frequently used 
by Gulf sturgeon was filled with dredged spoil material drifting downstream from a within bank 
disposal site at river km 150 (river mi 93) during routine maintenance dredging. This caused 
Gulf sturgeon to cease use of this area as a regular habitat (Carr 1983, J. Barkuloo, personal 
communication). The within bank disposal site is no longer used. Essential habitats of young
of-the-year Gulf sturgeon are unknown, so the impacts of dredging on early life stage habitats 
of Gulf sturgeon are difficult to assess. 

Table 2: Duration Data on Lower Pearl River Sills (COE, personal communication). 

Depth Over Percent Equaled or Exceeded 

Sill (m) II Pools Bluff Sill 1 I . ; 

.3 m (1.0 ft) 100 

.61 m (2.0 ft) 70 

.9 m (3.0 ft) 48 

1.2 m (4.0 ft) 35 

1.5 m (5.0 ft) 28 

1.8 m (6.0 ft) 24 

2.1 m (7.0 ft) 18 
. -

1Duration based on gauge data for Pearl River at Bogulusa, Louisiana 
2Duration based on gauge data for Bogue Chitto River at Sun, Louisiana 
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Bogue Chitto Sill2 

90 

25 
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The entrenchment of the Apalachicola River’s streambed due to the trapping of sedimentsin
Lake Seminole,has been attributed to the construction of JWLD (COE 1986). The effects
entrenchmentoccurredin the upperthird of theriver from thebaseof thedam to the vicinity
ofBlountstown,Florida. The streambedelevationlowering was alsoexacerbated by deepening
rock sills, cutting outriver bends,and repeateddredging to maintainthe channel. This has
resultedin elimination of some habitatsthat had beenavailable to Gulf sturgeonduring the
summermonthsprior to the constructionof JWLD andnavigationchannels. Forexample,as
a resultof streambed degradation,accessto spring-fedtributarycreekshasbeenreducedduring
low waterperiods. A cooperativeeffort by the COE and FGFC removed sedimentationand
debrisfrom a midstreamspring belowthe JWLD, navigationkm 170.6 (navigationmi 106.0)
in January1994. In addition, theCOEobtainedenvironmentalclearancesandunertookhabitat
restorationaction by the removalof sedimentsat the mouth of Blue Spring Run, navigation
157.7 (river mi 98.0) in May, 1994.

Cool waterhabitats arethoughtto be importantto Gulfsturgeonduringthesummer. Cool-water
habitats instreamscanbe significantly reducedor eveneliminatedby decreased groundwater
levels(Lynn Torak,personal communication).Springsemanatingfrom thestreambedoriginate
in thegroundwater-flowsystemandareregulated by relativedifferencesin streamstage,spring-
discharge elevation, and groundwaterlevel. Decreasedgroundwaterlevels in the vicinity of
streams,causedby pumpingor climatic variation, canreduce springflowthat providescool-
water habitats for theGulf sturgeonduring summermonths. Pumpingor climate-induced
groundwater-level declinescanreducethegroundwatercomponentof streamfiow(baseflow)in
additionto andin the absenceof springs. For example,a study in the Albany,Georgia areaby
Torak et al. (1993) indicatesthatabout74% of waterpumpedfrom theUpperFloridanaquifer
in November 1985, approximately 79 million gallonsa day, wouldhavedischargedto the Flint
River underpredevelopmentconditions-. - ~TheFlint River is generally~unregulatedandhas a
major spring-fedflow componentthat, in comparisonwith theChattahoocheeRiver, contributes
the larger shareof flow to theApaladhicolaRiverduring low-flow peri6as. The Chattahoochee
River is a regulated stream that derives its flow predominantly from surfacerunoff.
Consequently,theChattahoocheeRivercontributes the majorportionof flow to theApalachicola
Riverduring mean-to high-waterevents. Base-flowof theFlint River hasbeenreducedsince
theearly 1970s, mainly from groundwaterand surfacewater irrigation withdrawals (Leitmanet
al. 1993). The analysisby Leitman et al. (1993) indicates thatthe Flint River’s percent
contributionto the ApalachicolaRiver decreases,insteadof increasingas would be expected
astheflow in theApalachicolaRiverdecreases.Severalsprings andspring runsalong the upper
Apalachicolaand Flint Rivers have already exhibited greatlyreduced flow or have ceased
flowing during periodsof drought. If thesecool waterhabitatsare importantand are reduced
in sizeoreliminatedatcritical periodsof summer,Gulf sturgeoncould be subjectedto increased
environmentalstress.

Contaminantsmay also contributeto population declines.ExperimentshaveshownthatDDT
andits derivativesandtoxaphenearetoxic to fish in minutequantities(JohnsonandFinley 1980;
White et al. 1983). Twelve Gulf sturgeonwere collectedfrom the Apalachicola,Suwannee,
Choctawhatcheerivers,Ochlockonee Bayand the Gulf of Mexico nearCapeSanBlas, Florida,

27

entrenchment of the Apalachicola. River's streambed due to the trapping of sediments in 
Lake Seminole, bas been attributed to the construction of JWlD (COE 1986). The effects 
entrenchment occurred in the upper third of the river from the base of the dam to the vicinity 
of Blountstown, Florida. The streambed elevation lowering was also exacerbated by deepening 
rock sills, cutting out river bends, and repeated dredging to maintain the channel. This bas 
resulted in elimination of some habitats that had been available to Gulf sturgeon during the 
summer months prior to the construction of JWLD and navigation channels. For example, as 
a result of streambed degradation, access to spring-fed tributary creeks bas been reduced during 
low water periods. A cooperative effort by the COE and FGFC removed sedimentation and 
debris from a midstream spring below the JWLD, navigation km 170.6 (navigation mi 106.0) 
in January 1994. In addition, the COE obtained environmental clearances and unertook habitat 
restoration action by the removal of sediments at the mouth of Blue Spring Run, navigation 
157.7 (river mi 98.0) in May, 1994. 

Cool water habitats are thought to be important to Gulf sturgeon during the summer. Cool-water 
habitats in streams can be significantly reduced or even eliminated by decreased groundwater 
levels (Lynn Torak, personal communication). Springs emanating from the streambed originate 
in the groundwater-flow system and are regulated by relative differences in stream stage, spring
discharge elevation, and groundwater level. Decreased groundwater levels in the vicinity of 
streams, caused by pumping or climatic variation, can reduce springflow that provides cool
water habitats for the Gulf sturgeon during summer months. Pumping or climate-induced 
groundwater-level declines can reduce the groundwater component of streamflow (baseflow) in 
addition to and in the absence of springs. For example, a study in the Albany, Georgia area by 
Torak et al. (1993) indicates that about 74% of water pumped from the Upper Floridan aquifer 
in November 1985, approximately 79 million gallons a day, would have discharged to the Flint 
River under predevelopment conditions-.· • -The Flint River is generally- unregulated and has a 
major spring-fed flow component that,,in comparison with the Chattahoochee River, contributes 
the larger share of flow to the Apalacliirola River during low-flow·peri&k The Chattahoochee 
River is a regulated stream that derives its flow predominantly from surface runoff. 
Consequently, the Chattahoochee River contributes the major portion of flow to the Apalachicola 
River during mean- to high-water events. Base-flow of the Flint River has been reduced since 
the early 1970s, mainly from groundwater and surface water irrigation withdrawals (Leitman et 
al. 1993). The analysis by Leitman et al. (1993) indicates that the Flint River's percent 
contribution to the Apalachicola River decreases, instead of increasing as would be expected 
as the flow in the Apalachicola River decreases. Several springs and spring runs along the upper 
Apalachicola and Flint Rivers have already exhibited greatly reduced flow or have ceased 
flowing during periods of drought. If these cool water habitats are important and are reduced 
in size or eliminated at critical periods of summer, Gulf sturgeon could be subjected to increased 
environmental stress. 

Contaminants may also contribute to population declines. Experiments have shown that DDT 
and its derivatives and toxaphene are toxic to fish in minute quantities (Johnson and Finley 1980; 
White et al. 1983). Twelve Gulf sturgeon were collected from the Apalachicola, Suwannee, 
Choctawhatchee rivers, Ochlockonee Bay and the Gulf of Mexico near Cape San Blas, Florida, 
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at varioustimesbetween1985 to 1991. This specimenswereanalyzedfor pesticidesandheavy
metals(BatemanandBrim 1994). The Gulf sturgeonrangedin sizefrom 1.8 to 49.0kg (4.0
to 108.0 lb). Concentrationsof arsenic, mercury, DDTmetabolites,toxaphene, polycyclic
aromatichydrocarbons,and aliphatic hydrocarbonshigh enough to warrant concern were
detectedin individual fish. Specific sourcesof contaminationwerenot identified. Suwannee
River Gulf sturgeonhad higherconcentrationsof arsenicin liver samplesthan Apalachicola
River fish. However, Apalachicola River Gulf sturgeon had higher liver mercury
concentrations.Organochlorinepesticideswerealso highestin fishfrom the ApalachicolaRiver.

Organochlorinesenterthe environmentaspesticidesor industrial wasteproducts. Use of most
of theseeompoundshasbeenprohibitedbecauseof effectson nontarget speciesandsuspected
carcinogenicity in humans and wildlife. Effects include reproductive failure, reduced survival
of young, orphysiologicalalterationswhich canaffect theability of thefish to withstandstress
(Whiteetal. 1983). Levelsof DDT and derivativecompoundsin the samples were found at low
concentrationsin all Gulf sturgeon tissues, however, DDDand/or DDEwas detected in 84%
of the samples(BatemanandBrim 1994). In addition,amounts detectedin reproductive tissue,
while relatively low (rangenon-detectto 4.02ppm), could affectGulf sturgeonreproduction
becauseDDT compoundsare known to be estrogenic (Fox1992). Like DDT, toxapheneis
persistent in theenvironment andbiomagnifiesthroughthefoodchain. Toxaphenewasthemost
heavily used insecticide after prohibition of DDTin the 1970s. Toxaphene was detected in four
fish, all from the ApalachicolaRiver. The level of toxaphenein the roe of onespecimenwas
14.00ppm wet weight andexceededthe FoodandDrug Administration(FDA) action level of
5.00ppm for fish for humanconsumption. The highestlevel in muscle tissue (0.48 ppm) fell
belowthe FDA actionlevel for humanconsumption(BatemanandBrim 1994). Toxapheneis
more toxicto fishesthanDDT compounds(JohnsonandFinley 1980) andhasbeenshownto
impair repr6duction, reduce growthI adults and juveniles,andalter collagenformationin fry,
resulting in “brokenbacksyndrome” (Mayer andMehrle 1977).

Polycyclic aromatic hydrocarbons (PAll), primarily from petroleum products, are known to be
carcinogenic, cocarcinogenic and tumorigenic. Concentrations found in theovariantissuesample
(total PAll 410 ppb; Apalachicola River) and eggs(total PAll 409 and 815 ppb; Suwannee
River) could adversely affect development and survival of some percentage of eggs, larval, and
juvenilefish (Bateman and Brim1994). Aliphatic hydrocarbons arecomponentsof oils, fuels,
and other petroleumproducts. Twoor more aliphaticcompoundswere detected inall tissue
samplesof the Gulf sturgeon. Hall andCoon(1988) statedthat it is likely thatany animal with
demonstrated petroleum hydrocarbonresidues in thetissueshassufferedeffectsof the pollutant
(Bateman and Brim1994).

Arsenic is usedin herbicides,insecticides,and fungicidesand canbe toxic to fish in certain
metabolicforms. The metal was detectedin 92% of the Gulf sturgeonsamples,howeverthe
metabolic form was not identified. The arsenicconcentrationsdetectedin all of the muscle
tissuesampleswere greaterthan the FDA action limit of 0.50 ppm for swine muscletissue
(BatemanandBrim 1994).
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various times between 1985 to 1991. This specimens were analyi.ed for pesticides and heavy 
metals (Bateman and Brim 1994). The Gulf sturgeon ranged in size from 1. 8 to 49 .0 kg (4.0 
to 108.0 lb). Concentrations of arsenic, mercury, DDT metabolites, toxaphene, polycyclic 
aromatic hydrocarbons, and aliphatic hydrocarbons high enough to warrant concern were 
detected in individual fish. Specific sources of contamination were not identified. Suwannee 
River Gulf sturgeon had higher concentrations of arsenic in liver samples than Apalachicola 
River fish. However, Apalachicola River Gulf sturgeon had higher liver mercury 
concentrations. Organochlorine pesticides were also highest in fish from the Apalachicola River. 

Organocblorines enter the environment as pesticides or industrial waste products. Use of most 
of these compounds bas been prohibited because of effects on nontarget species and suspected 
carcinogenicity in humans and wildlife. Effects include reproductive failure, reduced survival 
of young, or physiological alterations which can affect the ability of the fish to withstand stress 
(White et al. 1983). Levels of DDT and derivative compounds in the samples were found at low 
concentrations in all Gulf sturgeon tissues, however, DDD and/or ODE was detected in 84% 
of the samples (Bateman and Brim 1994). In addition, amounts detected in reproductive tissue, 
while relatively low (range non-detect to 4.02 ppm), could affect Gulf sturgeon reproduction 
because DDT compounds are known to be estrogenic (Fox 1992). Like DDT, toxaphene is 
persistent in the environment and biomagnifies through the food chain. Toxaphene was the most 
heavily used insecticide after prohibition of DDT in the 1970s. Toxaphene was detected in four 
fish, all from the Apalachicola River. The level of toxaphene in the roe of one specimen was 
14.00 ppm wet weight and exceeded the Food and Drug Administration (FDA) action level of 
5.00 ppm for fish for human consumption. The highest level in muscle tissue (0.48 ppm) fell 
below the FDA action level for human consumption (Bateman and Brim 1994). Toxaphene is 
more toxic to fishes than DDT compdands (Johnson and Finley 1980) and has been shown to 
impair reprOduction, reduce growth in~adults and juveniles, and alter collagen formation in fry, 
resulting in;broken back syndrome" ~ayer and Mehrle 1977). 

Polycyclic aromatic hydrocarbons (PAH), primarily from petroleum products, are known to be 
carcinogenic, cocarcinogenic and tumorigenic. Concentrations found in the ovarian tissue sample 
(total PAH 410 ppb; Apalachicola River) and eggs (total PAH 409 and 815 ppb; Suwannee 
River) could adversely affect development and survival of some percentage of eggs, larval, and 
juvenile fish (Bateman and Brim 1994). Aliphatic hydrocarbons are components of oils, fuels, 
and other petroleum products. Two or more aliphatic compounds were detected in all tissue 
samples of the Gulf sturgeon. Hall and Coon ( 1988) stated that it is likely that any animal with 
demonstrated petroleum hydrocarbon residues in the tissues has suffered effects of the pollutant 
(Bateman and Brim 1994). 

Arsenic is used in herbicides, insecticides, and fungicides and can be toxic to fish in certain 
metabolic forms. The metal was detected in 92 % of the Gulf sturgeon samples, however the 
metabolic form was not identified. The arsenic concentrations detected in all of the muscle 
tissue samples were greater than the FDA action limit of 0.50 ppm for swine muscle tissue 
(Bateman and Brim 1994). 
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Mercury, predominantlyfound asmethylmercuryin fish fillets, is highly toxic andwasdetected
in 87% of the Gulf sturgeonsamples. The mercuryconcentrationsin muscletissuewerewell
belowtheFloridalimitedconsumption advisory(0.50ppm)andtheFDA consumptiveuse action
level (1.00 ppm)but, almostall tissue samplesexceededthe predatorprotectionlimit of 0.10
ppm recommendedby Eisler (1987) for the protectionof fish-eatingbirds. However, the
mercury levelsof the Gulf sturgeonin the study werewell belowthose reportedby Armstrong
(1979) for other fish species,to cause eitherchronicinability to catch fdod,rolling from side
to sideor acutetoxicity.

Cadmium,a known teratogen,carcinogen,andprobable mutagenwasdetectedin 42% of the
Gulf sturgeonsamples. The concentrations werein thelow to normalrangefor muscleandliver
tissue whencomparedto fish speciesin theFisheriesResourcesTraceElements Survey(FRTES)
of the NMFS (BatemanandBrim 1994). Low levels of leadwere detectedin 8%.

Culture andAccidentalor Intentional Introductions

Where viablewild populationsexistor sturgeon possibly can be reintroduced, the potentialharm
from incidentalor accidental introductionof non-endemicspeciesis a threatto the genetic
integrity and biodiversityof entireecosystems.The likelihood of these introductions increases
dramatically where imports and culture of exotic species is allowed or facilitated, and even
where laws or regulationsexist which prohibit release of non-endemic species. Accidental
releases from culture facilities and intentional releases by aquarists tiring of their hobby is a
frequent occurrence.Schwartz (1972, 1981) identifies bibliographic citations of hybrid
combinationsbetweenspeciesof sturgeons (Acipenseridae).Therefore, an introduction,for
example~ of white sturgeon from the Pacific coast into Gulf river systems could potentially do
great hk4r~ to Gulf sturgeonstocks.

~AnmtroduFtlonhasalreadyoccurredin Alabama. A white sturgeon,50.1cm (1.6ft) Tb, was
caught by .a commercial fisherman on a trotline in LakeWeiss, about2.4 km(1.5 mi) southof
CedarBluff, Alabamain 1989 (M. Pierson, personalcommunication). LakeWeissis partof
the upperCoosaRiversystemflowing through GeorgiaandAlabama. In 1992awhite sturgeon,
96.0cm (3.15 ft) TL, wascaughtby a fishermanin theCoosaRiver eastof Birmingham (Sun
Herald 1992). This sturgeonwas caughtabout 100 km (62.1 mi) downstreamfrom the 1989
capture. The white sturgeonis thoughtto havebeenaccidentallyreleasedfrom a private fish
hatcherylocatedadjacentto the CoosaRiver in Georgia. The Stateof Georgiaconfiscatedthe
white sturgeonfrom the hatcheryin 1990.

A controversialfishery managementproblem revolves around the issue of hatcherystocks’
adverselyaffectwild stocks. Hatcherytechnologyhasbeen employedfor salmonin thePacific
Northwest for well over thirty years,but salmonstocks in manyriver systemshave recently
experienced significantdeclines. Biologists and many opponentsof the hatcheryprograms
attributethesedeclineson loss of geneticdiversity causedby hatcheryprograms. Proponents
of hatcheriesargue that the basis of the problemis failure to protect habitat,manage water
resources,control harvest, and prevent environmental contamination,among other factors.
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predominantly found as methylmercury in fish fillets, is highly toxic and was detected 
in 87% of the Gulf sturgeon samples. 1be mercury concentratiom in muscle tissµe were well 
below the Florida limited consumption advisory (0.50 ppm) and the FDA consumptive use action 
level (1.00 ppm) but, almost all tissue samples exceeded the predator protection limit of 0.10 
ppm recommended by Eisler (1987) for the protection of fish-eating birds. However, the 
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( 1979) for other fish species, to cause either chronic inability to catch food, rolling from side 
to side or acute toxicity. 

Cadmium, a known teratogen, carcinogen, and probable mutagen was detected in 42 % of the 
Gulf sturgeon samples. The concentrations were in the low to normal rqe. for muscle and liver 
,tissue when compared to fish species in the Fisheries Resources Trace Elements Survey (FRTF.S) 

of the NMFS (Bateman and Brim 1994). Low levels of lead were detected in 8 % . 

Culture and Accidental or Intentional Introductions 

Where viable wild populations exist or sturgeon possibly can be reintroduced, the potential harm 

from incidental or accidental introduction of non-endemic species is a threat to the genetic 
integrity and biodiversity of entire ecosystems. The likelihood of these introductions increases 
dramatically where imports and culture of exotic species is allowed or facilitated, and even 
where laws or regulations exist which prohibit release of non-endemic species. Accidental 
releases· from culture facilities and intentional releases by aquarists tiring of their hobby is a 
frequent occurrence. Schwartz (1972, 1981) identifies bibliographic .. citations of hybrid 
combinatiom between species of sturgeons (Acipenseridae). 'Therefore, an introduction, for 
exam~lf lff white sturgeon from the Pacific coast into Gulf river systems could potentially do 
great~ to Gulf sturgeon stocks. . ,! 
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,An intr~~tion has already occurred in Alabama. A white sturgeon, 50.1 ·cm (1.6 ft) TL, was 

caught by ,a commercial fisherman on a trotline in Lake Weiss, about 2.4 km (1.5 mi) south of 
Cedar Bluff, Alabama in 1989 (M. Pierson, personal communication). Lake Weiss is part of 
the upper Coosa River system flowing through Georgia and Alabama. In 1992 a white sturgeon, 
96.0 cm (3.15 ft) TL, was caught by a fisherman in the Coosa River east of Birmingham (Sun 
Herald 1992). This sturgeon was caught about 100 km (62.1 mi) downstream from the 1989 
capture. The white sturgeon is thought to have been accidentally released from a private fish 
hatchery located adjacent to the Coosa River in Georgia. The State of Georgia confiscated the 
white sturgeon from the hatchery in 1990. 

A controversial fishery management problem revolves around the issue of hatchery stocks' 
adversely affect wild stocks. Hatchery technology has been employed for salmon in the Pacific 
Northwest for well over thirty years, but salmon stocks in many river systems have recently 
experienced significant declines. Biologists and many opponents of the hatchery programs 
attribute these declines on loss of genetic diversity caused by hatchery programs. Proponents 
of hatcheries argue that the basis of the problem is failure to protect habitat, manage water 
resources, control harvest, and prevent environmental contamination, among other factors. 
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Theseproblemsandfailuresmaycontinueto contributeto reductionsin stocksof Gulf sturgeon.
The problemsarereadily evidentandappropriateactionsshouldbe takento correctthembefore
or in conjuctionwith introductionof hatcherystock.

Other

Finally, life history characteristicsof Gulf sturgeonmay complicateand protract recovery
efforts. Gulf sturgeoncannotestablishabreedingpopulationrapidly becauseof thelong period
they require to achievesexual maturity. Further, Gulf sturgeonappearto be river-specific
spawners,although immatureGulf sturgeonoccasionallyexhibit plasticity in movementor
occurrenceamongGulfbasinrivers. Theteforenaturalrepopulationmaybe non-existentorvery
low by Gulf sturgeonmigrating fromotherrivers.

Fishery Management Jurisdiction. Laws, and Policies

The takeof Gulf sturgeonis prohibited in the statewaters of Louisiana, Mississippi, Alabama,
andFlorida. Section6(a) of the ESA provides for extendedcooperationwith statesfor the
purposeof conservingthreatenedandendangered species.The Departmentsofthe Interiorand
Commercemay enter into cooperative agreementswith a state, provided the state has an
established program for theconservationof a listed species.The agreementsauthorizethestates
to implement the authoritiesand actions of the ESA relative to listed speciesrecovery.
Specifically, the states are authorized(1) to conductinvestigationsto determinethe statusand
requirementsfor survival of residentspeciesof fish andwildlife (this may include candidate
speciesfor listing), and(2) to establishprograms,includingacquisitionof landoraquatichabitat
or interests for theconservationof fish and wildlife. Federalfundingis alsoprovidedto states
under theagreementsto implementthe approvedprograms. All four of the abovementioned
stateshave enteredinto Section6 agreementswith the FWS. Moredetailed descriptionsof
pertinentagencies,laws, andregulations are providedin Appendix A -

CONSERVATION ACCOMPLISHMENTS

Caribbean Conservation CorporationlPhipps Florida Foundation

1. Initiated tagging of Gulf sturgeon in 1975, using monel tags, in the Apalachicola and
Suwannee Rivers which resulted in evidenceof home-riverfidelity, yearlygrowthrates,
rn-river weight loss, andan estimateof populationsize.

2. InitiatedtelemetrystudiesofGulf sturgeonin 1976, providing evidenceof theimportance
of the Floridian Aquifer to Gulf sturgeonecology and in-river site fixity.

3. Initiated consultationswhich resultedin prohibitionof takeof Gulf sturgeonin theState
of Florida.

30

problems and failures may continue to contn"bute to reductions in stocks of Gulf sturgeon. 
The problems are readily evident and appropriate actions should be taken to correct them before 
or in conjuction with introduction of hatchery stock. 

Finally, life history characteristics of Gulf sturgeon may complicate and protract recovery 
efforts. Gulf sturgeon cannot establish a breeding population rapidly because of the long period 
they require to achieve sexual maturity. Further, Gulf sturgeon appear to be river-specific 
spawners, although immature Gulf sturgeon occasionally exhibit plasticity in movement or 
occurrence among Gulf basin rivers. Therefore natural repopulation may be non-existent or very 
low by Gulf sturgeon migrating from other rivers. 

Fishery Management Jurisdiction, Laws, and Policies 

The take of Gulf sturgeon is prohibited in the state waters of Louisiana, Mississippi, Alabama, 
and Florida. Section 6(a) of the ESA provides for extended cooperation with states for the 
purpose of conserving threatened and endangered species. The Departments of the Interior and 
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established program for the conservation of a listed species. The agreements authorize the states 
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species for listing), and (2) to establish programs, including acquisition of land or aquatic habitat 
or interests for the conservation of fish and wildlife. Federal funding is also provided to states 
under the agreements to implement the approved programs. All·fout of the above mentioned 
states have entered into Section 6 agreements with the FWS. More .detailed descriptions of 
pertinent agencies, laws, and regulatfons are provided in Appendix A~ ,,,, 

CONSERVATION ACCOMPUSHMENTS 

Caribbean Conservation Corporation/Phipps Florida Foundation 

1. Initiated tagging of Gulf sturgeon in 1975, using monel tags, in the Apalachicola and 
Suwannee Rivers which resulted in evidence of home-river fidelity, yearly growth rates, 
in-river weight loss, and an estimate of population size. 

2. Initiated telemetry studies of Gulf sturgeon in 1976, providing evidence of the importance 
of the Floridian Aquifer to Gulf sturgeon ecology and in-river site fixity. 

3. Initiated consultations which resulted in prohibition of take of Gulf sturgeon in the State 
of Florida. 
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Gulf States Marine Fisheries Co~nmission

1. Initiated a Gulf sturgeon interjurisdictionalfishery managementplan in 1990 which
evolvedinto the Gulf SturgeonRecoveryPlan.

NationalBiological Service. SoutheasternBiologicalScienceCenter.(BSC-Gformerly U.S. Fish
andWildlife Service). Gainesville.Florida

1. Since1987conducted comprehensivepopulationandlife history studiesof Gulf sturgeon
in the middle andlower SuwanneeRiver, Florida, in cooperationwith the CCC.

2. Facilitatedsurvivalandabundanceestimatesfor Gulf sturgeonin theSuwanneeRiver by
FWS ResourceAnalysis Branch using CCC long-term data.

4. Developingrelationaldatabaseon physical, chemical,and biological characteristicsof
the Suwannee River for use with geographic information system (GIS) software.

5. Evaluatinghabitatcharacteristicsin areasGulf sturgeon areknown to occupyduringthe
summermonths.

6. Conductedstudies on movementof hatcheryreared Gulf sturgeonreleasedinto the
SuwanneeRiver.

7. Conductedfeasibility study for offshore sonic trackingof Gulf sturgeon.

8. Initiated field sampIingii~ Tampa Bay and the Waccasassa,Steinhatchee, and
Ochiockonee river~ to determinepresenceof Gulf sturgeonandevaluateexistinghabitat.

9. Provided an analysis of food habits of subadult and adult Gulf sturgeon in theSuwannee
River.

10. Provided an assessment of the water quality of the SuwanneeRiver and impacts of
natural and human-induced disturbances on the foodresourcesof the Gulf sturgeon.

11. Instituted and maintained a voucher specimen reference collection of Gulf sturgeon foods
andprovidedexpertassistancein identificationof food organisms.

12. Devised and tested methods for culture of key foods used to rear Gulf sturgeon;
amphipod crustaceans, brandlingworm, West-African mghtcrawler,blackworm, and
tubificid oligochaetes.

13. Participatedin first artificial spawningof the Gulf sturgeonat a temporarystreamside
facility in 1989-1991and in 1992-1993 atthe NBS\BSC.
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States Marine Fisheries Commis.,ion 

1. Initiated a Gulf sturgeon interjurisdictional fishery management plan in 1990 which 
evolved into the Gulf Sturgeon Recovery Plan . .. 

National Biological Service. Southeastern Biological Science Center, <BSC-G formerly U.S. Fish 
and Wjldljfe Service}, Qaigpville. Florida 

1. Since 1987 conducted comprehensive population and life history studies of Gulf sturgeon 
in the middle and lower Suwannee River, Florida, in cooperation with the CCC. 

2. Facilitated survival and abundance estimates for Gulf sturgeon in the Suwannee River by , , ,· 
FWS Resource Analysis Branch using CCC long-term data. 

4. Developing relational database on physical, chemical, and biological characteristics of 
the Suwannee River for use with geographic information system (GIS) software. 

5. Evaluating habitat characteristics in areas Gulf sturgeon are known to occupy during the 
summer months. 

6. Conducted studies on movement of hatchery reared Gulf sturgeon released into the 
Suwannee River. 

7. Conducted feasibility study for offshore sonic tracking of Gulf sturgeon . 

. 8. Initiated field sampling~.in Tampa Bay and the Waccasassa, Steinhatchee, and 
Ochlockonee rive~ to determine presence of Gulf sturgeon and evaluate existing habitat. 

I(. 

f 

9. Provided an analysis of food habits of subadult and adult Gulf sturgeon in the Suwannee 
River. 

10. Provided an assessment of the water quality of the Suwannee River and impacts of 
natural and human-induced disturbances on the food resources of the Gulf sturgeon. 

11. Instituted and maintained a voucher specimen reference collection of Gulf sturgeon foods 
and provided expert assistance in identification of food organisms. 

12. Devised and tested methods for culture of key foods used to rear Gulf sturgeon; 
amphipod crustaceans, brandling worm, West-African nightcrawler, blackworm, and 
tubificid oligochaetes. 

13. Participated in first artificial spawning of the Gulf sturgeon at a temporary streamside 
facility in 1989-1991 and in 1992-1993 at the NBS\BSC. 
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14. Providedthe firstdocumentedgrowthof Gulf sturgeonfed natural foodsin a laboratory
from fry stageto 17 months.

15. Conducted food preferencestudy on cultured juvenile Gulf sturgeon comparing
survivorshipandgrowthbetweenlive andcommercially preparedfoods.

16. Identifiedcritical thermalmaximum andpreferredtemperaturefor cultured juvenileGulf
sturgeon.

17. Conductedinvestigationsinto plasmaosmotic andmetabolic responsesto a wide range
of experimental salinities.

18. Evaluating theretentionrateof passiveintegratedtransponders(PIT tags)andcodedwire
tagsin culturedGulf sturgeon.

Stateof Alabama

Alabama Department of Conservationand Natural Resources

1. Established a regulation in 1972 prohibiting all take of sturgeonwithin thejurisdiction

of the Stateof Alabama.

2. Conductedliteraturesearchandfield surveyin 1991 and1992 to determinehistoric and

currentstatusof Gulf sturgeonandpossiblereasonsfor apparent decline.

3. Conductedsamplingof juvenileGulf sturgeonon the AlabamaRiver from 199O-19~

4. Conducted feasibility work in 1992 regarding the use of ADCNR’s Claude Peteet
MaricultureCenterin Gulf Shores, Alabama, as a Gulf sturgeon hatchery for theMobile
system.

Alabama Geological Survey

1. Conducted Gulf sturgeon sampling in the Alabama, Mobile, Conecuh, and

Choctawhatchee river systems.
Stateof Florida

Florida Department of Environmental Protection (formerly Florida Department of Natural
Resources

1. Conductedan anadromous fishsurvey, including Gulf sturgeon,in 1970-1971.
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Provided the first documented growth of Gulf sturgeon fed natural foods in a laboratory 
from fry stage to 17 months. 

15. Conducted food preference study on cultured juvenile Gulf sturgeon comparing 
survivorship and growth between live and commercially prepared foods. 

16. Identified critical thermal maximum and preferred temperature for cultured juvenile Gulf 
sturgeon. 

17. Conducted investigations into plasma osmotic and metabolic responses to a wide range 
of experimental salinities. 

18. Evaluating the retention rate of passive integrated transponders (PIT tags) and coded wire 
tags in cultured Gulf sturgeon. 

State of Alabama 

Alabama Department of Conservation and Natural Resources 

I. 

2. 

4. 

Established a regulation in 1972 prohibiting all take of sturgeon within the jurisdiction 
of the State of Alabama. 

Conducted literature search and field survey in 1991 and 1992 to determine historic and 
current status of Gulf sturgeon and possible reasons for apparent decline. 

Conducted sampling of juvenile Gulf sturgeon on the Alabama River from 1990-1~: • L 

Conducted feasibility work in 1992 regarding the use of ADCNR's Claude Peteet, 
Mariculture Center in Gulf Shores, Alabama, as a Gulf sturgeon hatchery for the Mobile 
system. 

Alabama Geological Survey 

1. Conducted Gulf sturgeon sampling in the Alabama, Mobile, Conecuh, and 
Choctawhatchee river systems. 

State of Florida 

Florida Department of Environmental Protection (formerly Florida Department of Natural 
Resources 

1. Conducted an anadromous fish survey, including Gulf sturgeon, in 1970-1971. 
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2. Completed thefirst life history study of Gulf sturgeonin the SuwanneeRiver, Florida
from 1972-1973.

3. Conductedastatusreview of Gulf sturgeonin Floridawatersin 1984,andrecommended
prohibitionof all takeof the specieswithin thejurisdictionof the Stateof Florida.

Florida Game and Fresh Water Fish Commission

1. CompletedF1O-RAnadromousFishStudy from 1964-1967.

2. In 1987 listed the Atlanticsturgeonasa Speciesof SpecialConcerniL Official list of
endangeredandpotentiallyendangeredfaunaand flora in Florida. FloridaGameand
FreshWaterFishCommission. 19 pp.

3. In conjuctionwith the COE,Mobile District, removed sedimentationand debrisfrom a
midstreamspring below the JWLD on the ApalachicolaRiver, navigationkm 170.6
(navigation mi 106.0),to restoreimportantthermalrefuge habitatfor the Gulf sturgeon
andotheranadromousspeciesin January1994.

Florida Marine FisheriesCommission

1. Establisheda regulationin 1984 prohibiting all take of sturgeonwithin the jurisdiction
of the Stateof Florida.

University of Florida

1. Artificial propagation of Gulf sturgeon 1991-1995.

Stateof Mississippi

Gulf CoastResearchLaboratory

1. Distributed Gulf sturgeon posters at boat ramps and other appropriate locationsduring

1992 in orderto acquire informationandreports onGulf sturgeonsightings.

MississippiDepartment ofWildlife, Fisheries,andParks

1. Establisheda regulationin 1974 prohibiting all take of sturgeonwithin thejurisdiction
of the Stateof Mississippi.

2. Listed the sturgeonasan endangeredspeciesin 1974.

3. ConductedGulf sturgeoninvestigationanddocumentationin the PascagoulaRiverduring
1993.
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Completed the first life history study of Gulf sturgeon in the Suwannee River, Florida 
from lCf/2-lCf/3. 

3. Conducted a status review of Gulf sturgeon in Florida waters in 1984, and recommended 
prohibition of all take of the species within the jurisdiction of the State of Florida. 

Florida Game and Fresh Water F1sh Commisdon 

1. Completed FlO-R Anadromous Fish Study from 1964-1967. 

2. In 1987 listed the Atlantic sturgeon as a Species of Special Concern in;, Official list of 
endangered and potentially endangered fauna and flora in Florida. Florida Game and 
Fresh Water Fish Commission. 19 pp. 

3. In conjuction with the COE, Mobile District, removed sedimentation and debris from a 
midstream spring below the JWLD on the Apalachicola River, navigation km 170.6 
(navigation mi 106.0), to restore important thermal refuge habitat for the Gulf sturgeon 
and other anadromous species in January 1994. 

Florida Marine Fisheries Commission 

1. Established a regulation in 1984 prohibiting all take of sturgeon within the jurisdiction 
of the State of Florida. 

University. of Florida 

1. Artificial propagation of Gulf sturgeon 1991-1995. 

State of Mississippi 

Gulf Coast Research Laboratory 

1. Distributed Gulf sturgeon posters at boat ramps and other appropriate locations during 
1992 in order to acquire information and reports on Gulf sturgeon sightings. 

Mis.gssippi Department of Wildlife, Fisheries, and Parks 

1. Established a regulation in 1974 prohibiting all take of sturgeon within the jurisdiction 
of the State of Mississippi. 

2. Listed the sturgeon as an endangered species in 1974. 

3. Conducted Gulf sturgeon investigation and documentation in the Pascagoula River during 
1993. 
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Mississippi State University

1. DocumentedGulf sturgeon presencein the lowerPearl Riverin 1985 and 1988.

2. Documentedincidental catchesof Gulf sturgeonin Mississippiin 1989.

3. Investigated anddocumentedGulf sturgeonin the PascagoulaRiver in 1993.

Stateof Louisiana

Louisiana Department of Wildlife and Fisheries

1. Initiateda surveyin 1990 to assessthe statusof Gulf sturgeonin Louisiana waters.

2. Initiated a radio-trackingproject in 1992 on Gulf sturgeonin the Pearl Riverdrainage
and continuing into1994.

3. Establisheda computerizeddatabase in 1991 on all pallid andGulf sturgeonsightings
and captures in Louisiana and continues to be updated as needed.

4. Conducted Gulf sturgeon tagging using T-bar and monel tags beginning in 1992 and
ongoing in 1994.

5. Collected blood and tissue samples for genetic analysis beginning in 1991 andongoing
in 1994.

6. Established a regulation in 1990 prohibiting all take of sturgeon within the jurisdiction

of the Stateof Louisiana.

Stateof Texas

Texas Parksand Wildlife Department

1. Conductedsamplingfor sturgeonin the Rio Grandein 1992 - 1993.

2. Documented historic distribution of sturgeon in Texas.

U.S. Army Cows ofEngineers.Mobile District. Mobile. Alabama

1. Restoredaccessinto Battle BendCutoffon theApalachicola River,approximateriverkm
46.3 (river mi 28.8) in 1987.

2. Conducted flow/velocitystudiesbelowtheJWLD to document velocitiesin Gulfsturgeon
habitatareasduring low flow conditionsduring November1991 andOctober1992, as
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State University 

1. Documented Gulf sturgeon presence in the lower Pearl River in 1985 and 1988. 

2. Documented incidental catches of Gulf sturgeon in Mississippi in 1989. 

3. Investigated and documented Gulf sturgeon in the Pascagoula River in 1993. 

State of Louisiana m 

Louisiana Department of Wildlife and Fisheries 

1. Initiated a survey in 1990 to assess the status of Gulf sturgeon in Louisiana waters. 

2. Initiated a radio-tracking project in 1992 on Gulf sturgeon in the Pearl River drainage 
and continuing into 1994. 

3. Established a computerized data base in 1991 on all pallid and Gulf sturgeon sightings 
and captures in Louisiana and continues to be updated as needed. 

4. Conducted Gulf sturgeon tagging using T-bar and monel tags beginning in 1992 and 
ongoing in 1994. 

5. Collected blood and tissue samples for genetic analysis beginning in 1991 and ongoing 
in 1994. 

6. Established a regulation in 1990 prohibiting all take of sturgeon within the jurisdiction 
of the State of Louisiana. 

State of Texas 

Texas Parks and Wildlife Department 

I. Conducted sampling for sturgeon in the Rio Grande in 1992 - 1993. 

2. Documented historic distribution of sturgeon in Texas. 

U.S. Army Corps of Engineers. Mobile District. Mobile. Alabama 

1. Restored access into Battle Bend Cutoff on the Apalachicola River, approximate river km 
46.3 (river mi 28.8) in 1987. 

2. Conducted flow/velocity studies below the JWLD to document velocities in Gulf sturgeon 
habitat areas during low flow conditions during November 1991 and October 1992, as 
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part of a Biological Assessment associatedwith the Jim Woodruff Powerhouse Major
RehabilitationEvaluationReport

.

3. Inconjuctionwith theFGFC,removed sedimentationand debrisfrom amidstreamspring
belowtheJWLD on tl~e ApalachicolaRiver, navigationkm 170.6 (navigationmi 106.0),
to restoreImportant thermalrefugehabitat for theGulf sturgeonandotheranadromous
speciesin January1994.

4. Obtainedenvironmentalclearancesand undertook actionto restore habitatfor theGulf
sturgeonand otheranadromous species byremovalof sedimentsat the mouth of Blue
SpringRun,Apalachicola River,navigation km157.7 (river mi 98.0) in March 1994,
underthe Departmentof the Army/NationalOceanicandAtmosphericAdministration
CooperativeAgreementto CreateandRestoreFishHabitat.

5. Initiated Anadromous FishHatcheryReconnaissance Study in1987.

6. During January1994, theCOE proposedthat the Waterways Experiment Station (WES)
considerin the FY 1995 Environmental ImpactResearchProgram(EIRP)a proposalto
documentissuesaffecting theprotectionof sturgeonrelatedto O&M activitiesin North
American rivers.This proposalwassubmittedbecauseof similar concerns expressed by
otherCOE divisions and districtsthat operationand maintenance(O&M) projectsmay
impact sturgeonpopulations. It is alsoproposedto quantify responsesof sturgeonto
broad rangesof relevantphysicalconditionsso that risk from O&M activitiescan be
predicted. Districts will be surveyed for specific issueson sturgeonand the scopeof
problemswill be defined. TheDistrict hasbeeninformed from COE headquartersthat
fundsareavailablefor WES to initiate efforts in FY 1995.

U.S. Army Corpsof En2ineers.Vicksburg District. Vicksbur~. MississiDni

1. Fundeda study conductedby WES onGulf sturgeonin the PearlRiver during 1994and

1995.
U.S. FishandWildlife Service

FisheriesResourcesOffice, Panama City Field Office, Florida

1. First documentedin-riverhabitatusageof Gulf sturgeonin 1977.

2. First documentedGulf sturgeonspawningin the ApalachicolaRiver, Florida in 1977.

3. Investigatedmethodsof externallymarking Gulf sturgeonbeginningin 1981.

4. Documentedthe movementof Gulf sturgeonin the ApalachicolaRiver using radioand
sonic telemetry devicesbeginning in1982.
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of a Biological Assessment associated with the Jim Woodruff Powerhouse Major 
Rehabilitation Evaluation Report. 

3. In conjuction with the FGFC, removed sedimentation and debris from a midstream spring 
below the JWLD on tqe Apalachicola River, navigation km 170.6 (navigation mi 106.0), 
to restore important thermal refuge habitat for the Gulf sturgeon and other anadromous 
species in January 1994. 

4. Obtained environmental clearances and undertook action to restore habitat for the Gulf 
sturgeon and other anadromous species by removal of sediments at the mouth of Blue 
Spring Run, Apalachicola River, navigation km 157.7 (river mi 98.0) in March 1994, 
under the Department of the Army/National Oceanic and Atmospheric Administration 
Cooperative Agreement to Create and Restore Fish Habitat. 

5. Initiated Anadromous Fish Hatchery Reconnaissance Study in 1987. 

6. During January 1994, the COE proposed that the Waterways Experiment Station (WES) 
consider in the FY 1995 Environmental Impact Research Program (EIRP) a proposal to 
document issues affecting the protection of sturgeon related to O&M activities in North 
American rivers. This proposal was submitted because of similar concerns expressed by 
other COE divisions and districts that operation and maintenance (O&M) projects may 
impact sturgeon populations. It is also proposed to quantify responses of sturgeon to 
broad ranges of relevant physical conditions so that risk from O&M activities can be 
predicted. Districts will be surveyed for specific issues on sturgeon and the scope of 
problems will be defined. The District has been informed from COE headquarters that 
funds are available for WES to initiate efforts in FY 1995. 

U.S. Anny Corps of Engineers, Vicksburg District, VicksbutK, Mississim;d 

1. Funded a study conducted by WES on Gulf sturgeon in the Pearl River during 1994 and 
1995. 

U.S. Fish and Wildlife Service 

Fisheries Resources Office, Panama City Field Office, Florida 

1. First documented in-river habitat usage of Gulf sturgeon in 1977. 

2. First documented Gulf sturgeon spawning in the Apalachicola River, Florida in 1977. 

3. Investigated methods of externally marking Gulf sturgeon beginning in 1981. 

4. Documented the movement of Gulf sturgeon in the Apalachicola River using radio and 
sonic telemetry devices beginning in 1982. 
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5. Estimated theGulf sturgeonpopulationsize in the ApalachicolaRiver below JWLD
beginning in 1983.

6. Reviewed andvalidated the morphometriccharacteristicsused in the taxanomic
separationof Gulf and Atlantic sturgeonin 1985.

7. Developed field techniques and equipment whichaidedin the handlingofGulf sturgeon
in 1985.

8. Investigatedthe age structureof Gulf sturgeonin the ApalachicolaRiver by utilizing

cross-sectionsfrom pectoralfm raysbeginning in 1986.

9. Initiated artificialpropagationof Gulf sturgeon in1989.

10. Collected samples for and funded geneticstudiesonGulf sturgeonthroughouttheirrange
beginningin 1990.

11. Collectedsamplesfor and fundedcontaminanttissueanalysesof Gulf sturgeonfrom the
ApalachicolaandSuwanneerivers,Florida beginning in1990.

12. Initiated a program through newsreleasesand information postersto documentGulf
sturgeonsightings(pastandpresent)from TampaBay, Floridato the MississippiRiver
in 1992.

13. Fundeddevelopmentof a dual radio-sonictelemetrytag in 1992.

14. Compiled andmaintaineda directory/databaseof sturgeonand paddlefish researchers
beginning in1992.

17. Produceda reportentitledGulf Sturgeon Siahtin~s. Historic and Recent - a Summaryof
Public Responsesin 1993.

18. Conductedfield investigationsto developa populationmodel for theGulf sturgeonand
to delineate riverinehabitatrequirementsin 1993and 1994, in cooperationwith theNBS,
North CarolinaCooperativeFish and Wildlife ResearchUnit.

EcologicalServices,Panama City,Florida

1. Fundedpreparationof an information report on the Gulf sturgeon, entitled: Gulf of
Mexico Sturgeon.Acipenseroxvrhynchus(Vladvkov). Information. 1980. Unpublished.
15 pp. J.L. Hollowell.

2. Completed a document entitled: Report on the Conservation Status of theGulf ofMexico
Sturgeon Acipenseroryrhynchus desotoiin 1988.
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3. Preparedreport entitled, ReconnaissanceReDort on the Feasibilityof Constructingan
AnadromousFishHatcheryAoalachicolaRiver. Floridafor the COE,Mobile District in
1989.

4. Initiated the proposalto list theGulf sturgeonunder the ESA.

5. Coordinateddevelopmentof Gulf Sturgeon ManagementlRecoveiyPlan from 1992 to
1995.

Ecological Services,Jacksonville, florida

1. Prepared thelisting packageto list the Gulf sturgeon as athreatenedspecies under the
ESA (listed September30, 1991 in conjuctionwith the Departmentof Commerce-
NOAA).

Ecological Services,Jackson, Mississippi

1. Produceda Mobile River BasinAquatic Ecosystem RecoveryPlanin 1995.

Warm Springs Regional FisheriesCenter, Georgia

1. DevelopedGulf sturgeon artificialfeedingprogramin 1989.

Welaka National Fish Hatchery, Florida

1. Hormoneinduced spawningof Gulf sturgeonbeginningin 1989.

2. DevelopedGulf sturgeon artificial feedingprogramin 1989.

Gulf CoastFisheriesCoordination Office, OceanSprings, Mississippi

1. Participated as a technical advisor in development of the Gulf sturgeon
Management/Recovery Plan from1992 to 1995

Memorandum of Understanding(MOU) on Imolementationof the Endangered SpeciesAct

.

Fourteenfederalagencies includingthe COE,NMFS, FWS, NPS,DOD, MMS, CG and EPA
signedthe MOU in Septemberof 1994. The purposeof the MOU was to establish a general
framework for cooperation andparticipation among the agencies in accordancewith
responsibilitiesunder the ESA. The agencies areto work together alongwith appropriate
involvementof thepublic, states,Indian Tribal governments,andlocal governments,to achieve
the commongoal of conservingspecieslisted as threatenedor endangered under the ESAby
protectingandmanagingtheir populationsand the ecosystemsupon which thosepopulations
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depend. The cooperatingfederal agenciesinvolved in recoveryof the Gulf sturgeonwill now
be able towork closer togetherunderthe umbreliaof this MOU.
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The cooperating federal agencies involved in recovery of the Gulf ~geon will now 
be able to work closer together under the umbrella of this MOU. 
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U. RECOVERY AND FISHERY MANAGEMENT

OBJECTIVES AND CRITERIA

Objectivesconstitutethoseresultsthataredesiredto be attainedthroughimplementationof the
RecoveryPlan. Criteriaareffiose factorsthatdefinehow attainingtheobjectivewill bepursued,
andwhatwill constitute sucess.

1.Short-termObjective:The short-termrecoveryobjective is to preventfurther reduction
of existing wild populationsof Gulf sturgeonwithin the rangeof the subspecies.This
objectivewill applyto all managementunitswithin the rangeof the subspecies.Ongoing
recoveryactionswill continueandadditional actionswill be initiatedas needed.

Criteria

:

A. Management units will bedefinedusing an ecosystemapproachbasedon river
drainages. This approach may also incorporate geneticaffinities among
populationsin different river drainages.

B. A baselinepopulationindex for eachmanagementunit will be determinedby
fishery independentcatch-per-unit-effort (CPUE)levels.

C. Changefrom the baselinelevelwill bedeterminedby fishery independentCPUE
over a threeto five year period. This time frame will be sufficientto detecta
problemandto providetrend information.The datawill be assessedannually.

D. Theshort-termobjective will be consideredachievedfor a managementunitwhen
the CPUE is not declining (within statisticallyvalid limits) from the baseline
level.

2. Long-term Objective A: The long-term recovery objectiveis to establish population
levels that would allow delisting of the Gulf sturgeon by managementunits.
Managementunits couldbe delisted by2023 if the requiredcriteria aremet. While this
objective will be sought for all management units, itis recognized thatit may notbe
achievablefor all management units.

Criteria

:

A. The timeframe for delisting is basedon known life history characteristics
including longevity, late maturation,and spawningperiodicity.

B. A self-sustainingpopulation is one in which the averagerate of natural
recruitmentis at leastequal to the averagemortality rate over a 12-yearperiod
(which is the approximate age at maturityfor a femaleGulf sturgeon).
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C. This objective will be consideredachieved for a managementunit when the
population is demonstratedto be self-sustainingand effortsare underway to
restore lostordegradedhabitat.

3. Long-termObjectiveB: This is a long-termfishery managementobjectiveto establish,
following delisting, a self-sustainingpopulation thatcould withstanddirectedfishing
pressurewithin managementunits. Note thattheobjectiveis notnecessarily the opening
of a managementunit to fishing, but rather,the developmentof a population thatcan
sustaina fishery. Openinga popuhtionto fishing will be at the discretionof state(s)
within whosejurisdiction(s)themanagementunit occurs. As with Long-termObjective
A, this objectivemaynot be achievable forall managementunits,butwill be soughtfor
all units.

Criteria

:

A. All criteriafor delisting mustbe met.

B. This objective will be consideredattainedfor a givenmanagementunit whena
sustainable yieldcanbe achievedwhile maintaininga stablepopulationthrough
natural recruitment.

C. Particularemphasis will be placed on the managementunit that encompasses the
Suwannee River, Florida, which historically supportedthe most recentstable
fishery for the subspecies.

These objectives andcriteriaarepreliminary. After better identificationofpopulationstatusand
evaluationof the adequacyof thehabitatto support self-sustaining populations, these objectives
and criteria may be revised. The criteria stated abovewill be more quantitatively defined
through identification of management units andthrough population assessments inthose
individual management units.
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This objective will be considered achieved for a management unit when the 
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OUTLINE FOR RECOVERY ACTIONS ADDRESSING THREATS

RecoveryOntline Narrative

1.0 Determineessentialecosystems,identify essential habitats,assesspopulationstatus, and

refine life history investigations inmanagementunit rivers.

As an initial stepto enhance thelong-termrecoveryof populationsof Gulf sturgeon,collection
of basic biological information is essential. Without a clear understandingof life history
requirements, recoveryefforts are severely hampered.Presently,lack of information in the
marine environmentand sparseinformation in the riverine environmentmake it difficult to
adequatelycensuspopulationsor to implementappropriaterecovery actions.Studiesto provide
this information shouldbe conductedassoonaspossible.

1.1 Identify essentialhabitatsimportantto eachlife stagein river basinandcontiguous
estuarine and neriticwaters.

Investigations areneededto locateanddescribe themicro- andmacrohabitatcharacteristics
critical for recoveryand maintenanceof the Gulf sturgeon. Radio andultrasonictracking
studies of juveniles and adults will help determinemovementsand habitat utilizationover
time. Emphasisshould be placedon tracking Gulf sturgeonin the estuarineand marine
environment whereit is believed that most feedingand growthoccurs,and wheretheleast
information is available. Spawningareasand larval and post-larvalmovementsand
distribution within rivers must bedetermined. Whena sufficient numberof animalshas
beenmonitored anddistributionsidentified, habitatcharacterizationstudiescanbeusedto
betterdefine essential habitatrequirements.Significantecosystemsfor the recoveryof the
Gulf sturgeonwill be identifiedonceessentialhabitatsaredefinedin riverine,estuarine,and
marineenvironments

1.1.1 Conductand refine field investigationsto locate important spawning,
feeding,anddevelopmental habitats.

Gulf sturgeonhavebeensuccessfully tracked with radio andultrasonictransmitters
in riverine systems. These studies have beenlimited to a veryfew locations,and
usually for a short time spans. Multi-year tracking studiesin the estuarineand
marine environment haveneverbeenaccomplished.Knowledgeof spawning areas,
developmental habitatrequirementsand feeding requirementsare essential to the
recovery of Gulf sturgeon inall river basins across the rangeof the species.
Tracking studiesappearto be the best way toinitially locate importanthabitat.
Technologicaladvancesin telemetry should facilitatelong-term tracking studiesto
provide the needed information. The FWSand NBS should expandtheirefforts to
identify and inventory essential habitatsof Gulf sturgeon. The Gulf statesresource
managementagenciesshouldcontinueor initiate studiesto identify essentialhabitats
in their respectivestates. The CCC should continuetheir multi-year monitoring
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programon the SuwanneeRiver. New field work by other researcherssuchas
universitiesand non-government organizations (NGOs)should incorporate this
researchneed into their plans. The NMFS should work with FWS andNBS to
identify marinehabitatsusedby adultGulf sturgeonduring winter migration. The
MMS should seekfunding to obtain this informationbecauseof the potential for
impactsto theGulf sturgeonfrom outercontinentalshelfoil andgasoperations and
othernon-energymineralmining activities.

1.1.2 Characterizeriverine, estuarine, and neriticareasthat provideessential
habitat.

Whenareasofutilization havebeendelineated(Task1.1.1),characterizationof these
habitatsshouldbe conducted. Characteristicsof the areasregarding particularlife
history requirementsof Gulf sturgeonat various life stagesmust bedetermined.
Among the parametersthat may be importantinclude substrate, depth,instream
flow, current, pH, temperature, turbidity, andfood availability. The Gulf states
resourcemanagementagencies,FWS, NMFS, NBS, CCC, NGOs, anduniversities
shouldrefine their studiesor surveysto providethese data.

1.2 Conductlife history studieson the biological andecologicalrequirementsof little
knownor inadequately sampledlife stages.

Becauseof thedifficulty in collectingeggs,larvae,andadequatenumbersof Gulf sturgeon
lessthana year old,essentiallynothingis knownabout requirementsof theselife stagesin
the wild. Year-class strengthis establishedduring thesestages,and water temperature,
salinity, flow, turbidity, andotherfactors affect survival rates. As outlinedin Task 1.1,
intensivefield investigationsmust beinitiated to locate and characterizehabitatsusedby
early life stages. Likewise laboratory studies onwild andculturedGulf sturgeonmust be
conductedto evaluate habitatrequirements andtolerances.The Universityof Florida,NBS,
and FWS should expand ongoing investigations into the biology and ecology of Gulf
sturgeon. Non-fatal sampling techniquesto examine stomachcontents need to be
determined. Diet studiesof fish capturedin estuariesshouldbe expanded. Diet of Gulf
sturgeon capturedoffshore (neritic environments)should also be evaluated,not only to
assessfood preferences,but also to determinehabitatuse.

It is known that subadultand adult Gulf sturgeonspendwinters feedingin estuarineand
marine waters. Little is known aboutspecificareasand habitatrequirements. Ultrasonic
techniquesshould be improved and studies conducted to documentmarine habitats
frequentedby Gulf sturgeon. Identifiedhabitatsmust be described bydepth,waterquality,
substrate,andfood availability. The FWSandNBS shouldcontinue ongoingmarinehabitat
investigationsof Gulf sturgeon. TheNMFS shouldinitiate marinehabitatinvestigationsof
Gulf sturgeon.
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1.3 Survey, monitor,and model populations.

Intensive field investigations have concentrated onGulf sturgeon life history in the
SuwanneeandApalachicolariversin Florida. Additionally, long-termmonitoringof Gulf
Sturgeonin thesesystemshasresultedin reliablepopulationestimateswith whichpopulation
modelsare being developed.outsidethesesystems,few studies havebeenconducted on
the Gulf sturgeon. Information suchasdistribution, relativeabundance,agestructureand
otherbiological informationshouldbe compiledto identify baselinepopulationstatusand
identify indexmonitoringsites to evaluatesuccessof recoveryand managementprograms.

1.3.1 Developandimplementstandardizedpopulationsamplingandmonitoring
techniques.

The assessmentof Gulf sturgeonpopulations Gulfwideare essentialto developand
evaluaterecoveryandmanagement efforts.Standardizedprogramsto addresssize,
ageandsex composition, andstocksize mustbe developedso that theconditionof
eachstock can be evaluatedover time and comparedwith those in other river
systems. Governmentagencies, NGOs,anduniversitiesinvestigatingGulf sturgeon
should participate in a coordinatedeffort to develop standardizedsampling and
monitoring techniquesand conduct appropriateprograms. Standard operating
procedureswill facilitate applicationof statistical data set comparisonsbetween
various Gulf coast river systems. In addition, fishery management/recovery
decisionscould be more accuratelyformulated withuniform datacollection and
reportingprocedures.The FWS shouldrakethelead in coordinating, preparingand
distributinga standardizedsamplingandmonitoring protocol document. The Gulf
statesresourcemanagementagenciesshould evaluatethe statusof populationsof
Gulf sturgeonin theirstreamsandcoastal waters.The FWSandNBS in conjunction
with otherresearchersshouldverify currentaging techniques forGulf sturgeon.

1.3.2 Developpopulationmodels.

Modeling is neededto better assessfishery restorationand managementoptions.
Capture-recapture modelscanestimate survival, abundanceand recruitmentof Gulf
sturgeon. Populationmodelsshouldbe developedto forecast thefuture condition
of Gulf sturgeon populationsandprovide estimateson potential ratesof recovery.
Appropriate modelswill alsohelp identify future researchneeds. The FWS and
NBS shouldcontinueto takethelead informulatingpeer acceptedpopulationmodels
for the Gulf sturgeon.

1.4 Continueexperimentalculture of Gulf sturgeon.

Successful artificialpropagationof Gulf sturgeon was first accomplishedin 1989.
Additional work is still neededto refine culture techniques,develop handlingandholding
proceduresfor fry andbroodstock, maintaininggeneticdiversity of broodstock,research
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• Gulf sturgeon in their streams and coastal waters. The F\YS and NBS in conjunction 
with other researchers should verify current aging techniques for Gulf sturgeon. 

1.3.2 Develop population models. 

Modeling is needed to better assess fishery restoration and management options. 
Capture-recapture models can estimate survival, abundance and recruitment of Gulf 
sturgeon. Population models should be developed to forecast the future condition 
of Gulf sturgeon populations and provide estimates on potential rates of recovery. 
Appropriate models will also help identify future research needs. The FWS and 
NBS should continue to take the lead in formulating peer accepted population models 
for the Gulf sturgeon. 

1.4 Continue experimental culture of Gulf sturgeon. 

Successful artificial propagation of Gulf sturgeon was first accomplished in 1989. 
Additional work is still needed to refine culture techniques, develop handling and holding 
procedures for fry and broodstock, maintaining genetic diversity of broodstock, research 
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nutritional requirementsand initiatefishhealthmanagement.In addition, researchis needed
to document the optimumchemical and physical parametersnecessaryfor maintaining
growth andsurvival of Gulf sturgeon under artificialandnaturalconditions.

1.4.1 Continuecultureof Gulf sturgeon.

State, federal, and NGOs shouldcontinueto developculture techniquesfor Gulf
sturgeonin accordance withthe Gulf SturgeonHatchery Guidelines, Hatchery
Manualfor WhiteSturgeonprotocols addressedin theGulf SturgeonRecoveryPlan,
andstateandfederallawsandregulations. Effortsshouldbe directedtowardsfilling
datagaps(i.e. hormonedosagesandtypes, incubation temperatures,egg de-adhesion
methods,broodstockreproductivestaging,elimination of stressrelatedto capture,
handling, andholding, amongotherfactors).

1.4.2 Identify the physical, chemicaland biological parametersnecessaryto
maintain growth, health andsurvival of Gulf sturgeonrearedunder artificial
conditions.

Studiesareneededto determinethe optimum waterquality conditionsnecessaryto
maintain growth and survival of fry and fingerlings. In addition, nutritional
requirementsand artificial feeding methodsneedto be identified. Researchis
requiredto documentcarryingcapacityfor variousfish rearingfacilities, andhauling
densitiesof fry and fingerlings. The FWS, researchers,and universitiesshould
continueto implementadditionalstudiesto addressthisneed. Also, theFWSshould
take the lead in providing updated informationon artificial propagationof Gulf
sturgeon.

1.4.3 Identify and testinternalandexternalmarkersor techniquesuseful for
differentiationof wild and hatchery-producedGulf sturgeon.

The identification of non-genetic internaland external markers to differentiate
betweenwild and hatchery-producedGulf sturgeonis importantin the development
and regulationof hatcheryprograms. Uniquemarkers(i.e. PIT tags, codedwire
tags,andchemical marking)could allowinvestigators,lawenforcementofficers, and
others to distinguish hatchery-rearedfish from wild stocks. In addition, these
markersor techniques maybeusedin selectiveenhancementprogramsandprovide
a meansto evaluateintroductions. The FWS andotherresearchersshouldcontinue
to investigateand developuseful internal and external markersor techniques.

1.5 Identify genetic characteristicsof wild andhatchery-rearedGulf sturgeon.

Researchis neededto determinewhetheror not significantgeneticdifferencesexistamong
Gulf sturgeonfrom throughoutthe rangeof the subspecies.Determiningwhethergenetic
differencesexist among populations is essential to ensure successful recovery and
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requirements and initiate fish health management. In addition, research is needed 
to document the optimum chemical and physical parameters necessary for maintaining 
growth and survival of Gulf sturgeon under artificial and natural conditions. 

1. 4 .1 Continue culture of Gulf sturgeon. 

State, federal, and NGOs should continue to develop culture techniques for Gulf 
sturgeon in accordance with the Gulf Sturgeon Hatchery Guidelines, Hatchery 
Manual for White Sturgeon protocols addressed in the Gulf Sturgeon Recovery Plan, 
and state and federal laws and regulations. Efforts should be directed towards filling 
data gaps (i.e. hormone dosages and types, incubation temperatures, egg de-adhesion 
methods, broodstock reproductive staging, elimination of stress related to capture, 
handling, and holding, among other factors). 

1.4.2 Identify the physical, chemical and biological parameters necessary to 
maintain growth, health and survival of Gulf sturgeon reared under artificial 
conditions. 

Studies are needed to determine the optimum water quality conditions necessary to 
maintain growth and survival of fry and fingerlings. In addition, nutritional 
requirements and artificial feeding methods need to be identified. Research is 
required to document carrying capacity for various fish rearing facilities, and hauling 
densities of fry and fingerlings. The FWS, researchers, and universities should 
continue to implement additional studies to address this need. Also, the FWS should 
take the lead in providing updated information on artificial propagation of Gulf 
sturgeon. 

1. 4. 3 Identify and test internal and external markers or techniques useful for 
differentiation of wild and hatchery-produced Gulf sturgeon. 

The identification of non-genetic internal and external markers to differentiate 
between wild and hatchery-produced Gulf sturgeon is important in the development 
and regulation of hatchery programs. Unique markers (i.e. PIT tags, coded wire 
tags, and chemical marking) could allow investigators, law enforcement officers, and 
others to distinguish hatchery-reared fish from wild stocks. In addition, these 
markers or techniques may be used in selective enhancement programs and provide 
a means to evaluate introductions. The FWS and other researchers should continue 
to investigate and develop useful internal and external markers or techniques. 

1. 5 Identify genetic characteristics of wild and hatchery-reared Gulf sturgeon. 

Research is needed to determine whether or not significant genetic differences exist among 
Gulf sturgeon from throughout the range of the subspecies. Determining whether genetic 
differences exist among populations is essential to ensure successful recovery and 

44 



managementofthesubspecies.Geneticallydistinct management unitsmaybe identifiedand
could affect reintroductionand/orpopulationaugmentation.

1.5.1 Conduct a Gulfwide genetic assessmentto determine geographically
distinct managementunits.

Determinationof the geneticstructure forGulf sturgeonis essentialin formulating
future management decisionsfor the subspecies. It is important that sound
restorationefforts of Gulf sturgeonaddressthe geneticstructureof the subspecies
in orderto identify andmaintaingeneticintegrity anddiversity. Mitochondrial DNA
analysisof Gulf sturgeonshouldbe continuedwith emphasisplacedon obtaining
Gulf sturgeontissuesand/orblood from thefollowing river systems:

1. Pascagoula River,Mississippi.
2. Mobile andAlabamarivers,Alabama.
3. OchlockneeRiver, Florida.
4. EscambiaRiver, Florida.

A genetic tissuebank should be establishedand curatedwhere state or federal
agenciesdeposit tissue or blood for genetic analysis. The Gulf statesresource
managementagencies,universities,NGOs, NBS, FWS, and otherGulf sturgeon
researchersshould establishtissuecollectionprotocoland insurethat tissuesamples
arecollectedwheneverpossible.

1.5.2 Assessthepotential to developgeneticmarkersto differentiatewild and
hatchery-producedGulf sturgeon.

The developmentof genetic markersfor differentiatingbetweenwild andhatchery
producedGulf sturgeonmay be importantin the developmentand regulationof
hatcheryprograms. A unique genetic marker could allow investigators,law
enforcementofficers,andothersto distinguish hatcheryrearedfish from wild stocks.
In addition, hatcherystockspossessingadifferent geneticmark fromwild fish may
be usedin selectiveenhancementprogramsand provide a meansto evaluatetheir
introductions. The FWS and NMFS should continueto investigatethe potentialof
viable geneticmarkers.

2.0 Protectindividuals,populations, andtheir habitats.

In effortsto recoverlisted species,protectionis themostobvious initial step. By virtue of their
endangeredor threatened status,species may not be able to sustain continuing losses of
individuals, andsteps shouldbe taken immediatelyto eliminate any knownpreventabletake.
Initial measuresto protect individuals, populations,and their habitatscan be strengthenedor
reducedas newinformation is collected.

I
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of the subspecies. Genetically distinct management units may be identified and 
could affect reintroduction and/ or population augmentation. 

1.5 .1 Conduct a Gulfwide genetic assessment to determine geographically 
distinct management units. 

Determination of the genetic structure for Gulf sturgeon is essential in formulating 
future management decisiom for the subspecies. It is important that sound 
restoration efforts of Gulf sturgeon address the genetic structure of the subspecies 
in order to identify and maintain genetic integrity and diversity. Mitochondrial DNA 
analysis of Gulf sturgeon should be continued with emphasis placed on obtaining 
Gulf sturgeon tissues and/or blood from the following river systems: 

1. Pascagoula River, Mississippi. 
2. Mobile and Alabama rivers, Alabama. 
3. Ochlocknee River, Florida. 
4. &cambia River, Florida. 

A genetic tissue bank should be established and curated where state or federal 
agencies deposit tissue or blood for genetic analysis. The Gulf states resource 
management agencies, universities, NGOs, NBS, FWS, and other Gulf sturgeon 
researchers should establish tissue collection protocol and insure that tissue samples 
are collected whenever possible. 

1. 5. 2 Assess the potential to develop genetic markers to differentiate wild and 
hatchery-produced Gulf sturgeon. 

The development of genetic markers for differentiating between wild and hatchery 
produced Gulf sturgeon may be important in the development and regulation of 
hatchery programs. A unique genetic marker could allow investigators, law 
enforcement officers, and others to distinguish hatchery reared fish from wild stocks. 
In addition, hatchery stocks possessing a different genetic mark from wild fish may 
be used in selective enhancement programs and provide a means to evaluate their 
introductions. The FWS and NMFS should continue to investigate the potential of 
viable genetic markers. 

2.0 Protect individuals, populations, and their habitats. 

In efforts to recover listed species, protection is the most obvious initial step. By virtue of their 
endangered or threatened status, species may not be able to sustain continuing losses of 
individuals, and steps should be taken immediately to eliminate any known preventable take. 
Initial measures to protect individuals, populations, and their habitats can be strengthened or 
reduced as new information is collected. 
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2.1 Reduceor eliminateunauthorizedtake.

Under the ESA, ~ means“to harass,harm, pursue,hunt, shoot, wound, kill, trap,
capture,orcollect, or to attempt toengagein anysuchconduct.” “Harm” in thedefinition
of “take” in the ESA meansan intentionalor negligentact or omissionwhich createsthe
likelihood of injury to wildlife by annoyingit to suchan extentas tosignificantly disrupt
normal behaviorpatternswhich include, but are not limited to, breeding, feeding, or
sheltering. Harm” in the definition meansan act which actuallykills or injureswildlife.
Such act may includesignificanthabitatmodificationor degradationwhereit actually kills
or injures wildlife by significantly impairing essential behavioral patterns,including
breeding,feeding, or sheltering. In the caseof the Gulf sturgeon,the immediateconcern
is with lethalor injurioustakeby non-directedfisheries. Directedfisheriesfor listed species
are prohibited by virtue of the listing. However,a numberof fisheriestargeting other
speciesusefishing gearthat take Gulf sturgeon.

2.1.1 Increase effectiveness and enforcementof state and federal take
prohibitions.

Directed takeof the Gulf sturgeon is prohibited under the ESA and laws or
regulationsof Louisiana,Mississippi, Alabama,andFlorida. All stateswithin the
geographicdistributionof the Gulf sturgeonhave cooperative agreementswith the
FWS thatrequireenforcementof federalendangeredspecies laws.Both federaland .4stateofficials areempoweredto enforceprohibitions onthe take of Gulf sturgeon.Appropriatesteps shouldbe taken to support and enhanceenforcementactivities

related to restorationand protectionof Gulf sturgeon. TheGulf statesresource
managementagencies should evaluatetheir enforcementprogramsand if needed,
unplementappropriate enhancementsor actions. TheFWSandNMFS shouldinsure
t~iat during ESA section7 consultations,incidental takeis stipulatedto providefull
protectionof the species.

On July 1, 1975, the Atlantic sturgeon(Acipenseroyrinchus, including the Gulf
sturgeon)was includedin Appendix II of the Conventionon InternationalTradein
EndangeredSpeciesof Wild Fauna andFlora (CITES). The effectof this listing is
thatCITES permitsare requiredbefore international shipment may occur.

2.1.2 Reduceor eliminateincidentalmortality.

Incidentalcatchand mortality of Gulf sturgeonis a difficult or cryptic problemto
addressbecauseit requiresaknowledgeof effort andcatchcompositionin avariety
of different fisheries. Gear types usedin many fisheries arecapableof capturing
Gulf sturgeon,and it is essentialthat the magnitudeof the problemin eachfishery
is known before effectivestepscan be taken to reduceor eliminate mortality. A
limited observerprogrammaybe neededto evaluatethe amount/extentof incidental
takeor mortality in somefisheriesandnavigation-relatedandotheractivities. When
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2 .1 Reduce or eliminate unauthorized take. 

Under the ESA, take means "to harass, harm, pursue, hunt, shoot, wound, kill, trap, 

capture, or collect, or to attempt to engage in any such conduct.". "Harm" in the definition 

of "take" in the ESA means an intentional or negligent act or omission which creates the 

likelihood of injury to wildlife by annoying it to such an extent as to significantly disrupt 

normal behavior patterns which include, but are not limited to, breeding, feeding, or 

sheltering. "Harm" in the definition means an act which actually kills or injures wildlife. 

Such act may include significant habitat modification or degradation where it actually kills 

or injures wildlife by significantly impairing essential behavioral patterns, including 

breeding, feeding, or sheltering. In the case of the Gulf sturgeon, the immediate wncem 

is with lethal or injurious take by non-directed fisheries. Directed fisheries for listed species 

are prohibited by virtue of the listing. However, a number of fisheries targeting other 

species use fishing gear that take Gulf sturgeon. 

2 .1.1 Increase effectiveness and enforcement of state and federal take 

prohibitions. 

Directed take of the Gulf sturgeon is prohibited under the ESA and laws or 

regulations of Louisiana, Mississippi, Alabama, and Florida. All states within the 

geographic distribution of the Gulf sturgeon have cooperative agreements with the 

FWS that require enforcement of federal endangered species laws. Both federal and 

state officials are empowered to enforce prohibitions on the take of Gulf sturgeon. 

Appropriate steps should be taken to support and enhance enforcement activities 

~tared to restoration and protection of Gulf sturgeon. The Gulf states resource 

management agencies should evaluate their enforcement programs and if needed, 

~plement appropriate enhancements or actions. The FWS and NMFS should insure • 

tJiat during ESA section 7 consultations, incidental take is stipulated to provide full 

protection of the species. 

On July 1, 1975, the Atlantic sturgeon (Acipenser oxyrinchus, including the Gulf 

sturgeon) was included in Appendix II of the Convention on International Trade in 

Endangered Species of Wild Fauna and Flora (CITES). The effect of this listing is 

that CITES permits are required before international shipment may occur. 

2. 1. 2 Reduce or eliminate incidental mortality. 

Incidental catch and mortality of Gulf sturgeon is a difficult or cryptic problem to 

address because it requires a knowledge of effort and catch composition in a variety 

of different fisheries. Gear types used in many fisheries are capable of capturing 

Gulf sturgeon, and it is essential that the magnitude of the problem in each fishery 

is known before effective steps can be taken to reduce or eliminate mortality. A 

limited observer program may be needed to evaluate the amount/extent of incidental 

take or mortality in some fisheries and navigation-related and other activities. When 
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problem fisheries or other activities have beenidentified, gear or equipment
modifications,seasonalrestrictions,limitedgearorequipmentdeploymenttimes, and
othermeasuresmaybe employedto reducemortalityof Gulf sturgeonandallow the
affectedfisheriesor otheractivitiesto continueto operate.

If incidental tak&is found to be relatedto anyfishery, theNMFS andtheGulfstates
should promulgateadequateregulationsthat protect the Gulf sturgeonfrom such
incidentaltake. The NMFS shouldalsoevaluateTurtle Excluder Devices(TEDs)in
commercial shrimpnetsto determineif theyareeffectivein allowing Gulf sturgeon
to escapefrom trawls. If they are not effective, funding should be sought to
investigate the appropriategear technology. TheNMFS should also fund an
observerprogram,enforcementof regulations,andother necessary actionswhich
reduceor eliminateincidental takeof Gulf sturgeonduringfishing operations.

In addition, theNMFS andFWS in cooperationwith theresponsible federalagency
shoulddevelopmethodologiesthatwould causeGulf sturgeonto avoidareasduring
navigation-related(includesO&M) activities, CleanWater Act (CWA) Sections10
and404, or otherconstructionactivities. TheNMFS andFWS shouldassurethat
the objectiveof ESA section7 consultationis to reduceor eliminate incidental take
duringsuchactivities. As an example,section7 consultationfor a dredgingproject
may result in the COE permitting theactivity to occur only during seasonswhen
Gulf sturgeon arenot presentin the actionarea.

2.2 Identify and eliminate known or potentially harmful chemicalcontaminants,and
waterquantityandwaterquality problems whichcould impederecoveryof Gulf sturgeon.

Chemical contaminants,waterquantity, andwaterquality factors mayhavecontributedto
the declineor are limiting the recoveryof Gulf sturgeon. Thesefactors include pesticides
(organochlorines),metals (lead, mercury,etc.), industrial byproducts,temperature,pH,
suspended solids,dissolvedoxygen,waterdepth, and watervelocity. Reviewof existing
dataand information is necessaryto refine or identify the chemicaland waterquality and
quantity requirementsof Gulf sturgeon.

An informationsearchfor eachmanagementunit orcoastalhabitatarearegardingpotential
typesofchemicalcontaminantloading, including chemicalsfrom pointsources,agriculture,
silviculture, industrialactivitiesandurbanization,shouldbe conducted. Existing chemical
contaminantfield evaluationreports(water,sedimentor biota studies)shouldbe examined
and the information utilized to make decisionsrelated to field sampling and chemical
analysis. Field samplingof water, sediments,and sentineland/orsurrogatespeciesshould
be conducted,asnecessary,to fill critical informationgaps. Stateagenciesin Louisiana,
Mississippi, Alabama, and Florida, with assistancefrom the Environmental Protection
Agency (EPA) and FWS should collect existing information and providean assessment
reportwith recommendations.The FWS shouldprovide coordinationbetween thefederal
andstate agenciesasneeded, compilestatereports,andidentify a consensus prioritylisting
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fisheries or other activities have been identified, gear or equipment 
modifications, seasonal restrictions, limited gear or equipment deployment times, and 
other measures may be employed to reduce mortality of Gulf sturgeon and allow the 
affected fisheries or other activities to continue to operate. 

If incidental take '"'is found to be related to any fishery, the NMFS and the Gulf states 
should promulgate adequate regulations that protect the Gulf sturgeon from such 
incidental take. The NMFS should also evaluate Turtle Excluder Devices (TEDs) in 
commercial shrimp nets to determine if they are effective in allowing Gulf sturgeon 
to escape from trawls. If they are not effective, funding should be sought to 
investigate the appropriate gear technology. The NMFS should also fund an 
observer program, enforcement of regulations, and other necessary actions which 
reduce or eliminate incidental take of Gulf sturgeon during fishing operations. 

In addition, the NMFS and FWS in cooperation with the responsible federal agency 
should develop methodologies that would cause Gulf sturgeon to avoid areas during 
navigation-related (includes O&M) activities, Clean Water Act (CWA) Sections 10 
and 404, or other construction activities. The NMFS and FWS should assure that 
the objective of ESA section 7 consultation is to reduce or eliminate incidental take 
during such activities. As an example, section 7 consultation for a dredging project 
may result in the COE permitting the activity to occur only during seasons when 
Gulf sturgeon are not present in the action area. 

2.2 Identify and eliminate known or potentially harmful chemical contaminants, and 
water quantity and water quality problems which could impede I"eCoyery of Gulf sturgeon. 

Chemical contaminants, water quantity, and water quality factors may have contributed to 
the decline or are limiting the recovery of Gulf sturgeon. Th.ese factors include pesticides 
(organochlorines), metals (lead, mercury, etc.), industrial byproducts, temperature, pH, 
suspended solids, dissolved oxygen, water depth, and water velocity. Review of existing 
data and information is necessary to refine or identify the chemical and water quality and 
quantity requirements of Gulf sturgeon. 

An information search for each management unit or coastal habitat area regarding potential 
types of chemical contaminant loading, including chemicals from point sources, agriculture, 
silviculture, industrial activities and urbanization, should be conducted. Existing chemical 
contaminant field evaluation reports (water, sediment or biota studies) should be examined 
and the information utilized to make decisions related to field sampling and chemical 
analysis. Field sampling of water, sediments, and sentinel and/or surrogate species should 
be conducted, as necessary, to fill critical information gaps. State agencies in Louisiana, 
Mississippi, Alabama, and Florida, with assistance from the Environmental Protection 
Agency (EPA) and FWS should collect existing information and provide an assessment 
report with recommendations. The FWS should provide coordination between the federal 
and state agencies as needed, compile state reports, and identify a consensus priority listing 

47 



of chemicalcontaminantsourcesthat may have impactson Gulf sturgeonin the river
systems. TheEPA “Priority Pollutants” foreachmanagementunit or habitatareashould
be assessedby chemicalanalysesfor Gulf sturgeonandotherbenthicspecies. The FWS
and EPA, using the compiled contaminantdata, should preparethe list and conduct
necessaryanalyses.

2.2.1 Identify potentially harmful chemicalcontaminantsandwaterquality and
quantity changesassociated withsurfacewaterrestrictions.

A comprehensiveinventoryof river basinswith existing surfacewaterrestrictions
is neededto documentphysical andbiological impacts thatmay negatively affect
recoveryandmanagementof Gulf sturgeon. The GSMFC,FWS, andCOE should
coordinatepreparationof this inventory with GSMFC taking the lead for final 2
productcompletion.

2.2.2 Identify andeliminatepotentially harmfulpoint and non-pointsourcesof
chemicalcontaminants.

Significant point sourcesand high-impactnon-point sourceareasof contaminant
introductionsshouldbe identified. Appropriateactionsto reduceor eliminatethe
contaminantsshouldbe taken. With theresultsof 2.2.1,EPA andstateagenciesin
Louisiana,Mississippi,Alabama,andFlorida shouldtakeactionsto enforceexisting
regulationsor promulgatenew ones.

2.2.3 Assessselectedcontaminantlevels in Gulf sturgeonfrom management
units.

Gulf sturgeontissueanalyses shouldbe conductedto evaluateselectedchemical
contaminants. Appropriate actions should be taken to reduce or eliminate
contaminantsources. TheEPA shouldtakethelead ineffortsto reduceor eliminate
identifiedcontaminant sourcesthroughtheir regulatoryauthorities. The EPA could
also assist state agenciesin Louisiana, Mississippi, Alabama, and Florida in
enforcementof state regulations. During the Triennial Review of state water
criteria, EPA shouldensurethat the stateshave incorporatedadequatewaterquality
standardsto protect theGulf sturgeonand its benthichabitat.

Routine, standardizedinspections shouldbe conductedon all incidental catchesof
Gulf sturgeon(alive or dead) for the presenceof gross lesions, tumors or other
abnormalitiesto focus evaluationon chemicalcontaminants.

Histopathologicalexaminationsof liver tissue forcasesof incidentalGulf sturgeon
mortalitiesshouldbe conductedto detectthe presenceof cellular abnormalitiesor
carcinogeniccells.
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chemical contaminant $0\II'CCS that may have impacts on Gulf sturgeon in the river 
systems. Toe EPA "Priority Pollutants" for each management unit or habitat area should 
be assessed by chemical analyses for Gulf sturgeon and other benthic species. Toe FWS 
and EPA, using the compiled contaminant data, should prepare the list and conduct 
necessary analyses. 

2.2.1 Identify potentially hannful chemical contaminants and water quality and 

quantity changes associated with surface water restrictions. 

A comprehensive inventory of river basins with existing surface water restrictions 
is needed to document physical and biological impacts that may negatively affect 
recovery and management of Gulf sturgeon. The GSMFC, FWS, and COE should 
coordinate preparation of this inventory with GSMFC taking the lead for final 
product completion. 

2.2.2 Identify and eliminate potentially harmful point and non-point sources of 
chemical contaminants. 

Significant point sources and high-impact non-point source areas of contaminant 
introductions should be identified. Appropriate actions to reduce or eliminate the 
contaminants should be taken. With the results of 2. 2.1, EPA and state agencies in 
Louisiana, Mississippi, Alabama, and Florida should take actions to enforce existing 
regulations or promulgate new ones. 

2.2.3 Assess selected contaminant: levels in Gulf sturgeon from management 
units. 

Gulf sturgeon tissue analyses should be conducted to evaluate selected chemical 
contaminants. Appropriate actions should be taken to reduce or eliminate 
contaminant sources. The EPA should take the lead in efforts to reduce or eliminate 
identified contaminant sources through their regulatory authorities. The EPA could 
also assist state agencies in Louisiana, Mississippi, Alabama, and Florida in 
enforcement of state regulations. During the Triennial Review of state water 
criteria, EPA should ensure that the states have incorporated adequate water quality 
standards to protect the Gulf sturgeon and its benthic habitat. 

Routine, standardized inspections should be conducted on all incidental catches of 
Gulf sturgeon (alive or dead) for the presence of gross lesions, tumors or other 
abnormalities to focus evaluation on chemical contaminants. 

Histopathological examinations of liver tissue for cases of incidental Gulf sturgeon 
mortalities should be conducted to detect the presence of cellular abnormalities or 
carcinogenic cells. 
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Chemicalanalysesofselectedtissuesshouldbe conductedfrom incidentalmortalities
of Gulf sturgeon. The FWSshould takethelead indevelopingprotocolto collect
samples,conduct trainingif necessary,processsamplesfor analyses, andprepare
summariesofresults. Whereverpossible,Gulf stateresourcemanagementagencies
shouldconductsimilar analyses.

Appropriatesurrogate speciesshouldbe utilizedto betterdefine bio-accumulationof
contaminantsin particular river basins. An extrapolationformula for estimating
potential chemicalcontaminantimpactsto Gulf sturgeonshouldbe developed. The
FWS and EPA should lead the efforts to identify appropriatesurrogatespecies,
conduct bio-accumulationstudies, and develop an extrapolation formula.
Appropriatepeerreview shouldbeconductedduringformula development.

2.2.4 Identify and eliminate known andpotentialimpactsto waterquantityand
quality associated withexistingand proposeddevelopments,agriculturaluses,and
waterdiversionsin managementunits.

Domesticand industrial effluent, ruralandurban run-off,andinter- andintra-water
diversions affect the clarity, pH, biological oxygen demand, nutrientand
contaminantcomposition,temperature,sedimentloads,andseasonalquantityofriver
waters. A comprehensiveinventoryof knownorpotentialproblemareasassociated
with these factors is needed. Onceidentified, actions to reduceor eliminate
problems andpromotewiseland use shouldbe taken. With the resultsof 2.2.1,
EPA andGulf statesresourcemanagementagencies shouldtakeactionsto enforce
existing regulationsor promulgatenew ones.

Waterquality andsedimentfactorsresulting from point andnonpomtsourcesmay
negatively affect Gulf sturgeonhabitat. Examplesinclude total dissolvedsolids,
suspendedsolids, turbidity, siltation, pH, temperature,and changesin sediment
types. Studies to assessthe effect of river water andsedimentquality shouldbe
conductedto determinethe habitatsuitability for Gulf sturgeon.

2.2.5 Assessthe relationship betweengroundwaterpumping and reduction of
groundwaterflows into managementunits, and quantify loss of riverine habitat
relatedto reducedgroundwaterin-flows.

Groundwaterdiversionswhich affect flows into managementunit rivers shouldbe
identified. The lossof riverinegroundwaterflows attributedto diversionsshouldbe
quantifiedand its effect on Gulf sturgeonevaluated. The U. S. GeologicalSurvey
(USGS) should take the lead in implementing appropriate studies including
modelling. The Tn-State Study for the Alabaina-Tallapoosa-Coosaand
Apalachicola-Chattahoochee-Flintriver basinsfundedby the COE and Alabama,
Georgia, and Florida should incorporate an effort to provide a preliminary

I
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analyses of selected tissues should be conducted from incidental mortalities 
of Gulf sturgeon. The FWS should take the lead in developing protocol to collect 
samples, conduct training if necessary, process samples for analyses, and prepare 

~nmmaries of results. Wherever possible, Gulf state resource management agencies 
should conduct similar analyses. 

Appropriate surrogate species should be utiliz.ed to better define bio-accumulation of 
contaminants in particular river basins. An extrapolation formula for estimating 
potential chemical contaminant impacts to Gulf sturgeon should be developed. The 

· FWS and EPA should lead the efforts to identify appropriate surrogate species, 
conduct bio-accumulation s&udies, and develop an extrapolation formula. 
Appropriate peer review should be conducted during formula development. 

2.2.4 Identify and eliminate known and potential impacts to water quantity and 

quality associated with existing and proposed developments, agricultural uses, and 
water diversions in management units. 

Domestic and industrial effluent, rural and urban run-off, and inter- and intra-water 
diversions affect the clarity, pH, biological oxygen demand, nutrient and 
contaminant composition, temperature, sediment loads, and seasonal quantity of river 
waters. A comprehensive inventory of known or potential problem areas associated 
with these factors is needed. Once identified, actions to reduce or eliminate 
problems and promote wise land use should be taken. With the results of 2.2.1, 
EPA and Gulf states resource management agencies should take actions to enforce 
existing regulations or promulgate new ones. 

Water quality and sediment factors resulting from point and nonpoint sources may 
negatively affect Gulf sturgeon habitat. Examples include total dissolved solids, 
suspended solids, turbidity, siltation, pH, temperature, and changes in sediment 
types. Studies to assess the effect of river water and sediment quality should be 
conducted to determine the habitat suitability for Gulf sturgeon. 

2.2.5 Assess the relationship between groundwater pumping and reduction of 
groundwater flows into management units, and quantify loss of riverine habitat 
related to reduced groundwater in-flows. 

Groundwater diversions which affect flows into management unit rivers should be 
identified. The loss of riverine groundwater flows attributed to diversions should be 
quantified and its effect on Gulf sturgeon evaluated. The U. S. Geological Survey 
(USGS) should take the lead in implementing appropriate studies including 
modelling. The Tri-State Study for the Alabama-Tallapoosa-Coosa and 
Apalachicola-Chattahoochee-Flint river basins funded by the COE and Alabama, 
Georgia, and Florida should incorporate an effort to provide a preliminary 
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assessmentof the effectsof groundwaterpumping into the groundwaterscopeof
work plan.

2.2.6 Conductstudiesto determinetheeffectsofknownchemicalcontaminants
in water frommanagementunit rivers onGulf sturgeonor asurrogatespecies.

After identificationofpriority contaminants,physiologicaland behavioralresponses
of Gulf sturgeonlife stagesto long-term exposuresto suchchemicals shouldbe
determined.In particular, newlyfertilizedeggs,Gulf sturgeonlarvae, andjuvenile
Gulf sturgeonshouldbe tested. The EPA shouldwork with the FWS to conduct
bioassaysof water from the managementunit rivers to determine effectson Gulf
sturgeon.

2.3 Developa regulatoryand/or incentiveframework to ensurethat essential habitats,
streamfiow,andgroundwaterin-flows areprotected.

Whereexistinglawsandregulationsare inadequateto meetrecoveryobjectives,appropriate
stateand federalagencies shouldproposenew incentives,laws, and/or regulations.

2.3.1 Utilize existing authorities to protect habitat and,where inadequate,
recommendnew incentives, laws,andregulations.

The ESA provides for theprotectionand recovery of the Gulf sturgeonand its
habitats. Likewise individual Gulf stateshaveregulationsandlawsfor thatpurpose.
Adequatefunding levels must beprovided to enforceexisting protectionmeasures
and laws. Federal and state natural resource law enforcement programsare
understaffed andunderbudgetedto adequatelyenforcelaws protecting the Gulf
sturgeonand its habitats. Evenwith adequatefunding, existing authoritiesmaybe
inadequateto fully protect the Gulf sturgeonand its habitats. Adoption of new
incentives, laws or regulationsmay be necessary toensurethe recoveryof the
species.Protection measuresshouldbe basedon thebiological requirementsof the
subspeciesand not political boundaries. The FWS shouldensureprotectionof the
Gulf sturgeon through theESA section7 consultation processwith other federal
agenciesincluding the COE (federal projects,Section10/404permits),MMS (OCS
oil and gas leasesales), EPA (National Pollutant DischargeElimination System
permits,Triennial Review).

2.3.2 Identify, protectand/oracquireappropriatelandoraquatichabitatson an
ecosystemapproach.

Habitat componentsof the Gulf sturgeonwhich provideessentiallife requirements
should be consideredas part of anddependent ona fully functioning ecosystem
Theseecosystemsshouldbe protected and/oracquired. The Gulf statesresource
managementagencies,FWS, andNMFS shouldseekappropriateavenuesof funding
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of the effects of groundwater pumping into the groundwater scope of 
work plan. 

2.2.6 Conduct studies to determine the effects of known chemical contaminants 
in water from management unit rivers on Gulf sturgeon or a surrogate species. 

After identification of priority contaminants, physiological and behavioral responses 
of Gulf sturgeon life stages to long-term exposures to such chemicals should be 
determined. In particular, newly fertilized eggs, Gulf sturgeon larvae, and juvenile 
Gulf sturgeon should be tested. Tbe.FPA should work with the FWS to conduct 
bioassays of water from the management unit rivers to determine effects on Gulf 

sturgeon. 

2.3 Develop a regulatory and/or incentive framework to ensure that essential habitats, 

streamflow, and groundwater in-flows are protected. 

Where existing laws and regulations are inadequate to meet recovery objectives, appropriate 

state and federal agencies should propose new incentives, laws, and/or regulations. 

2.3.1 Utilize existing authorities to protect habitat and, where inadequate, 
recommend new incentives, laws, and regulations. 

The ESA provides for the protection and recovery of the Gulf sturgeon and its 
habitats. Likewise individual Gulf states have regulations and laws for that purpose. 
Adequate funding levels must be provided to enforce existing protection measures 
and laws. Federal and state natural resource law enforcement programs are 

understaffed and underbudgeted to adequately enforce laws protecting the Gulf 
sturgeon and its habitats. Even with adequate funding, existing authorities may be 

inadequate to fully protect the Gulf sturgeon and its habitats. Adoption of new 
incentives, laws or regulations may be necessary to ensure the recovery of the 

species. Protection measures should be based on the biological requirements of the 
subspecies and not political boundaries. The FWS should ensure protection of the 
Gulf sturgeon through the ESA section 7 consultation process with other federal 
agencies including the COE (federal projects, Section 10/404 permits), MMS (OCS 

oil and gas lease sales), EPA (National Pollutant Discharge Elimination System 
permits, Triennial Review). 

2.3.2 Identify, protect and/or acquire appropriate land or aquatic habitats on an 

ecosystem approach. 

Habitat components of the Gulf sturgeon which provide essential life requirements 

should be considered as part of and dependent on a fully functioning ecosystem . 

These ecosystems should be protected and/or acquired. The Gulf states resource 

management agencies, FWS, and NMFS should seek appropriate avenues of funding 
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and take actionto acquire,manage,andprotect identifiedsignificanthabitatsor their
ecosystemsasappropriate.

For example, spawning habitats should receive maximum protection from
disturbance.In orderto protectspecifichabitats,the ecosystemwhereit occursalso
requiresprotection.Thus,protectionof spawninghabitatsof theApalachicolaRiver
would include the upper 20 km (12.4mi) of the river and its surroundingbasin
components. Another example includes the maintenanceof habitatssuchas the
springsthatoccur in the SuwanneeRiver. To protect thesesprings,it is essential
to maintain other ecosystemcomponentsincluding upstream water quality,
groundwaterflows andquality, andadjacentfloodplains.

2.4 Restore, enhance,andprovideaccessto essential habitats.

Gulf sturgeonhaveevolvedwithin Gulfcoastdrainages exhibitingseasonalpatternsof high
and low flows, temperatureregimes, sedimentation,and other physical factors which
historically mayhave beenmuchdifferent thanthosewhichexist today. The restorationand
enhancementof some river and streamhabitats, particularlybenthic habitat, within the
historical rangeof the Gulf sturgeonmay be necessarybefore its recovery is successful.
Within somedrainages,man’salterations (mainstem dams,low-headdiversions)may be
preventingGulf sturgeonfrom gainingaccessto importanthabitats essentialto someaspect
of its life history. If suchstructuresareidentified as impedingmigrationor preventing
accessto critical habitats,action shouldbe taken to restorethe natural hydrographyor
providea viable bypassroute aroundthe structure.

2.4.1 Identify damandlock sitesthatoffer the greatestfeasibility for successful
restorationof andto essential habitats(i. e., up-riverspawning areas).

Mainstemand low-headdiversiondamsthat areknown to be impedingpotentially
viableGulf sturgeon populationsfrom reachinghistorically essential habitatsneed
to be identified. The extentof importanthabitattypesupstreamfrom suchstructures
(e.g., potential spawningsites and summerrefugia) shouldbe evaluated.

TheGSMFCshouldtakethelead in identifying thesesitesthroughout theGulf states
and preparingsummaryand recommendations.Federalandnon-federalpermitted
dams shouldbe identified. The COE, FERC, and entitiessuchas the PearlRiver
Valley WaterSupply Districtshouldinvestigatewaysofmitigating impactsoffederal
and private water resource projects or permitted activities on Gulf sturgeon
populations.
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2.4 

and take action to acquire, manage, and protect identified significant habitats or their 
ecosystems as appropriate. 

For example, spawning habitats should receive maximum protection from 
disturbance. In order to protect specific habitats, the ecosystem where it occurs also 
requires protection. Thus, protection of spawning- habitats of the Apalachicola River 
would include the upper 20 km (12.4 mi) of the river and its surrounding basin 
components. Another example includes the maintenance of habitats such as the 
springs that occur in the Suwannee River. To protect these springs, it is essential 
to maintain other ecosystem components including upstream water quality, 
groundwater flows and quality, and adjacent floodplains. 

Restore, enhance, and provide access to essential habitats. 

Gulf sturgeon have evolved within Gulf coast drainages exhibiting seasonal patterns of high 
and low flows, temperature regimes, sedimentation, and other physical factors which 
historically may have been much different than those which exist today. The restoration and 
enhancement of some river and stream habitats, particularly benthic habitat, within the 
historical range of the Gulf sturgeon may be necessary before its recovery is successful. 
Within some drainages, man's alterations (mainstem dams, low-head diversions) may be 
preventing Gulf sturgeon from gaining access to important habitats essential to some aspect 
of its life history. If such structures are identified as impeding migration or preventing 
access to critical habitats, action should be taken to restore the natural hydrography or 
provide a viable bypass route around the structure. 

2.4.1 Identify dam and lock sites that offer the greatest feasibility for successful 
restoration of and to essential habitats (i. e., up-river spawning areas). 

Mainstem and low-head diversion dams that are known to be impeding potentially 
viable Gulf sturgeon populations from reaching historically essential habitats need 
to be identified. The extent of important habitat types upstream from such structures 
(e.g., potential spawning sites and summer refugia) should be evaluated. 

The GSMFC should take the lead in identifying these sites throughout the Gulf states 
and preparing summary and recommendations. Federal and non-federal permitted 
dams should be identified. The COE, FERC, and entities such as the Pearl River 
Valley Water Supply District should investigate ways of mitigating impacts of federal 
and private water resource projects or permitted activities on Gulf sturgeon 
populations. 

51 



2.4.2 Evaluate,design,andprovidemeansfor Gulf sturgeonto bypassmigration
restrictionswithin essential habitats.

The structurespreventingupstreammigrations to essentialhabitats should be
modifiedor removedto allow for Gulf sturgeonpassage. Specificmodificationswill
dependon thetypeof obstruction,river hydrologyandthe importanceof thehabitat
to the recoveryof the speciesin that particularecosystem. StudiesregardingGulf
sturgeonbehaviormay be requiredto assist in developmentand designof fish
passages.Modificationswhichprovidefor bothup- and downstreamtravelby large
andsmall fish need beconsidered.

First, an assessmentof existingmodificationsshouldbe conducted. The assessment
should consider the effectivenessof the modification for use by othermigratory
speciessuchas shadand stripedbass.Designsshouldbe solicitedfrom engineering
andenvironmentalconsultants. Passagestructureswhich show promisemust be
evaluatedto documenttherelativedegreeof usageby Gulf sturgeon. The NMFS,
COE, NBS, FWS, and FederalEnergy RegulatoryCommission(FERC) should
investigate theuseof potential passagestructuresand initiate action or studies to
assessthe structure’s effectiveness forGulf sturgeonpassage.

2.4.3 Operate and/or modify dams to restorethe benefitsof historical flow
patternsandprocessesof sedimentation. I
The operating schedulesof the damsneedto be evaluatedto determineif water
releasesare benefiting the life history requirementsof the Gulf sturgeon. The
operationsof existing structuresfound to be detrimentalto the life cycle of Gulf
sturgeonshouldbe evaluatedto determineif modificationsto approximate historical - -

flow and’ sedimentation patterns are possible.The COE and FERCin coordination
with the GSMFC, Gulf statesresourcemanagementagencies,FWS, andNMFS
should identify potentialmodifications to and/or operationsof damsand initiate
actionor studiesto assessthe feasibility for implementation.

2.4.4 Identify potentialmodificationsto specificnavigation projectsto minimize
impactswhich alter riverine habitatsor modify thermalor substratecharacteristics
of those habitats.

Navigationprojects that have altered or modified thethermal characteristicsor
natural substratesof rivers should be evaluatedto determineif modifications to
approximatehistorical conditionsare possible.The COE shouldassistthe FWS in
its efforts to defineand protectGulf sturgeonspawningand otheressential habitats
in federal projectareas. The COE shouldstudy, seek funding, implementor take
appropriate remedialactionsto rectify navigationprojectswherefeasible.

52

Evaluate, design, and provide means for Gulf sturgeon to bypass migration 
restrictions within essential habitats. 

The structures preventing upstream migrations to essential habitats should be 
modified or removed to allow for Gulf sturgeon passage. Specific modifications will 
depend on the type of obstruction, river hydrology and the importance of the habitat 
to the recovery of the species in that particular ecosystem. Studies regarding Gulf 
sturgeon behavior may be required to assist in development and design of fish 
passages. Modifications which provide for both up- and downstream travel by large 
and small fish need be considered. 

First, an assessment of existing modifications should be conducted. The assessment 
should consider the effectiveness of the modification for use by other migratory 
species such as shad and striped bass. Designs should be solicited from engineering 
and environmental consultants. Passage structures which show promise must be 
evaluated to document the relative degree of usage by Gulf sturgeon. The NMFS, 
COE, NBS, FWS, and Federal Energy Regulatory Commission (FERC) should 
investigate the use of potential passage structures and initiate action or studies to 
assess the structure's effectiveness for Gulf sturgeon passage. 

2.4.3 Operate and/or modify dams to restore the benefits of historical flow 
patterns and processes of sedimentation. 

The operating schedules of the dams need to be evaluated to determine if water 
releases are benefiting the life history requirements of the Gulf sturgeon. The 
operatioss of existing structures found to be detrimental to the life cycle of Gulf 
sturgeon ~hould be evaluated to determine if modifications to approximate historical 
flow and';sedimentation patterns are possible. The COE and FERC in coordination 
with the· GSMFC, Gulf states resource management agencies, FWS, and NMFS 
should identify potential modifications to and/ or operations of dams and initiate 
action or studies to assess the feasibility for implementation. 

2.4.4 Identify potential modifications to specific navigation projects to minimize 
impacts which alter riverine habitats or modify thermal or substrate characteristics 
of those habitats. 

Navigation projects that have altered or modified the thermal characteristics or 
natural substrates of rivers should be evaluated to determine if modifications to 
approximate historical conditions are possible. The COE should assist the FWS in 
its efforts to define and protect Gulf sturgeon spawning and other essential habitats 
in federal project areas. The COE should study, seek funding, implement or take 
appropriate remedial actions to rectify navigation projects where feasible. 
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2.4.5 Restorethe benefitsof naturalriverine habitats.

Damsandchannel modificationshavereducedhabitatdiversity within the rangeof
the Gulf sturgeon. Diversity of riverinehabitat (e.g.,main channel, sidechannel.
backwaterandbraidedchannel)promotesa correspondirgfaunal diversity. The
Gulf sturgeon evolvedin natural riverine settings where such diversity was
prevalent. Gulf sturgeon survivalcould be expectedto be compromisedif the
benefitsof riverine habitatdiversity arenot restored. TheFWSshouldwork with
theCOE to identify ways to restore andprotect naturalriver habitat diversity.

2.4.6 Seek optimum consistencybetweenthe purposesof federal and state
authorizedreservoirs, flood control projects, navigation projects, hydropower
projects,andfederalandstatemandated restorationsof fish populations.

Many water projects,suchas hydropower andflood control damsandnavigation
activities, are authorizedby state and federal governments fortheir respective
purposes. Also, thereare manystateand federalprograms authorizedto restore
declining fish populations. Examples include species listed under the ESA,
anadromousfisheriesaddressedunder theAnadromousFishConservationAct, and
coastal fisheries addressedunder the Interjurisdictional FisheriesAct and the
Magnuson Fisheries ConservationandManagementAct.

All governmentauthorizedand proposedprojectsandmandatesshouldbe reviewed
in orderto evaluatethe potentialto achieverecoveryofGulf sturgeon.The GSMFC
shouldfacilitate a multi-agencyeffort to identify proje~t mandatesand preparea
summaryand recommendationreport in partnershipwitl~ the appropriatestateand
federal agencies. Recommendationsshouldbe forwardedto eachof the Statesof
Louisiana,Mississippi, Alabama,andFlorida’s Statelegislatureandcongressional
delegation.

2.5 Maintain geneticintegrity anddiversity of wild and hatchery-rearedstocks.

Major conservationissuesthatmust beaddressedby this recoveryprogramrelative
to healthof stocks,genetic conservationof stocksand displacementof stocks.A
major concernin any stock restorationand enhancement programis the potential
impactof introducedfish on existingwild stocks.This impactcan affectwild stocks
by a variety of mechanisms:

1. Diseaseandparasite transfer.
2. Behavioral andecological interference.
3. Geneticconsequencesof interbreeding,reduction in geneflow, introductionof
strainssusceptibleto disease.
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Restore the benefits of natural riverine habitats. 

Dams and channel modifications have reduced habitat diversity within the range of 
the Gulf sturgeon. Diversity of riverine habitat (e.g., main channel, side channel, 
backwater and braided channel) promotes a corresponding faunal diversity. The 
Gulf sturgeon evolved in natural riverine settings where such diversity was 
prevalent. Gulf sturgeon survival could be expected to be· compromised if the 
benefits of riverine habitat diversity are not restored. The FWS should work with 
the COE to identify ways to restore and protect natural river habitat diversity. 

2.4.6 Seek optimum consistency between the purposes of federal and state 
authorized reservoirs, flood control projects, navigation projects, hydropower 
projects, and federal and state mandated restorations of fish populations. 

Many water projects, such as hydropower and flood control dams and navigation 
activities, are authorized by state and federal governments for their respective 
purposes. Also, there are many state and federal programs authorized to restore 
declining fish populations. Examples include species listed under the ESA, 
anadromous fisheries addressed under the Anadromous Fish Conservation Act, and 
coastal fisheries addressed under the Interjurisdictional Fisheries Act and the 
Magnuson Fisheries Conservation and Management Act. 

All government authorized and proposed projects and mandates should be reviewed 
in order to evaluate the potential to achieve recovery of GQ)f sturgeon. The GSMFC 
should facilitate a multi-agency effort to identify projept QWJ.dates and prepare a 
summary and recommendation report in partnership wi~ ~ appropriate state and 
federal agencies. Recommendations should be forwarded to each of the States of 
Louisiana, Mississippi, Alabama, and Florida's State legislature and congressional 
delegation. 

2.5 Maintain genetic integrity and diversity of wild and hatchery-reared stocks. 

H 
i 

Major conservation issues that must be addressed by this recovery program relative 
to health of stocks, genetic conservation of stocks and displacement of stocks. A : I 
major concern in any stock restoration and enhancement program is the potential 
impact of introduced fish on existing wild stocks. This impact can affect wild stocks 
by a variety of mechanisms: 

1. Disease and parasite transfer. 
2. Behavioral and ecological interference. 
3. Genetic consequences of interbreeding, reduction in gene flow, introduction of 
strains susceptible to disease. 
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Problemsresulting from failure to protecthabitat, to control fishing pressure,to
ensure correct management of water resources, to control environmental
contamination,and to effectively manageother parametershave contributed to
reductions in stocksof Gulf sturgeon. Theseproblemsare readily evidentand
appropriateactionscanbetakento correctthem. At thispoint, the potentialadverse
effects of initiating a stocking program areunknown. The potential effects of
initiating anystockingprogramshouldbe evaluated.An experimental hatcheryand
strictly limited releaseprogramto thewild is prudentuntil such timeasstockinghas
beenthoroughlyevaluated.

2.5.1 Ev~h~atethe needto stock hatchery-producedGulf sturgeon considering
habitatsuitability and currentpopulationstatus.

An assessmentof whetherstocking hatchery-producedfish will benefit the overall
recoveryof the Gulf sturgeonis paramountto the future developmentof Gulf
sturgeonhatcheryprograms. An evaluationof whetherthe riversto be stocked have
suitablehabitatto supportthe stockedfish, natural reproduction,and anyprogeny
shouldbe conducted.The recoveryofthe subspeciescannotbe basedona “put and
take” Gulf sturgeon fishery. Governmentagencies, NGOs,and universities
investigatingGulf sturgeonshouldconductan evaluationof each riversystemthat
is underconsideration forstockingon the ability of thesystem,at its currentstatus,
to support the stockedfish and assurethat natural reproductioncan occur. Only
ongoingimprovementsto theriver systemsshouldbe includedin theanalyses.Each
of theGulf statesresourcesmanagementagenciesshould evaluatetheriver systems
in their states. The FWSshould takethe lead incoordinatingthe assessmentand
preparinga summaryfinding report. 1No, stocking shouldbe conducted without
approvalby appropriatestateagencies.

if it is determinedthat thereis a needfor stocking, thestockingshouldbe secondary
to other recovery efforts that identify essential habitatsand emphasizehabitat
restoration. The COE shouldcontinueto workwith theFWSin effortsto construct
a permanenthatchery on the Apalachicola River to help in the restorationand
maintenanceof theApalachicolaRiver Gulf sturgeon populationif it is determined
that stocking is necessaryfor recoveryof thesubspecies.

2.5.2 Develop policyandguidelinesfor hatcheryandcultureoperationsrelated
to stocking.

Raisinghatcheryproducedfish to a size large enoughto overcomelack of suitable
habitat increasessurvival. Also, at larger sizes, these fish can be tagged and
recovered,enabling assessmentof the efficacy or successof the stocking effort.
Peerreview and evaluationof aparticularstockingeffort shouldbe includedin any
proposalto releasehatchery-rearedGulf sturgeon.Gulf statesresourcemanagement
agencies, GSMFC, FWS, NMFS, NGOs, universities, and other involved
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Problems resulting from failure to protect habitat, to control fishing pressure, to 
ensure correct management of water resources, to control environmental • 
contamination. and to effectively manage other parameters have contn'buted to 
reductions in stocks of Gulf sturgeon. These problems are readily evident and 
appropriate actions can be taken to correct them. At this point, the potential adverse 
effects of initiating a stocking program are unknown. The potential effects of 
initiating any stocking program should be evaluated. An experimental hatchery and 
strictly limited release program to the wild is prudent until such time as stocking bas 
been thoroughly evaluated. 

2.5.1 Ev~te the need to stock hatchery-produced Gulf sturgeon considering 
habitat suitability and current population status. 

An assessment of whether stocking hatchery-produced fish will benefit the overall 
recovery of the Gulf sturgeon is paramount to the future development of Gulf 
sturgeon hatchery programs. An evaluation of whether the rivers to be stocked have 
suitable habitat to support the stocked fish, natural reproduction, and any progeny 
should be conducted. The recovery of the subspecies cannot be based on a •put and 
take" Gulf sturgeon fishery. Government agencies, NGOs, and universities 
investigating Gulf sturgeon should conduct an evaluation of each river system that 
is under consideration for stocking on the ability of the system, at its current status, 
to support the stocked fish and assure that natural reproduction can occur. Only 
ongoing improvements to the river systems should be included in the analyses. Each 
of the Gulf states resources management, agencies should evaluate the river systems 
in their states. The FWS should .tak~.the,tlead in coordinating the assessment and 
preparing a summary finding report.;,, No~ stocking should be conducted without 
approval by appropriate state agencies.· , . 

If it is determined that there is a need for stocking, the stocking should be secondary 
to other recovery efforts that identify essential habitats and emphasize habitat 
restoration. The COE should continue to work with the FWS in efforts to construct 
a permanent hatchery on the Apalachicola River to help in the restoration and 
maintenance of the Apalachicola River Gulf sturgeon population if it is determined 
that stocking is necessary for recovery of the subspecies. 

2.5.2 Develop policy and guidelines for hatchery and culture operations related 
to stocking. 

Raising hatchery produced fish to a size large enough to overcome lack of suitable 
habitat increases survival. Also, at larger sizes, these fish can be tagged and 
recovered, enabling assessment of the efficacy or success of the stocking effort. 
Peer review and evaluation of a particular stocking effort should be included in any 
proposal to release hatchery-reared Gulf sturgeon. Gulf states resource management 
agencies, GSMFC, FWS, NMFS, NGOs, universities, and other involved 
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researchersshouldpreparea hatcheryandcultureoperationsplan relatingto stocking
policy/guidelines. The FWS should take the lead in coordinating,seekingpeer
review, andcompleting the document.

2.5.3 Develoj,andimplementaregulatoryframeworkto eliminateaccidentaland
intentional introductionsof non-indigenous stockor othersturgeonspecies.

Releaseof hatchery-rearedfish without a program of monitoringdoesnot fulfill
government’srole as astewardof renewablenatural resources. Monitoringand
systematicassessmentof stockswill assistin determiningthe impactof accidental
and intentionalreleasesof non-indigenous stockor othersturgeonspecies. This
recoveryplanrecognizesthat it is irresponsibleto intentionally releasefish without
review or concurrencefrom the recovery team or coordinator, andtherefore
undocumentedintentionalreleasesshouldnot occur. In thecaseof federalagencies
who undertake actionsthat may affect a listed species(stock introductions),
consultationwith FWS and/orNMFS is required undersection7 of the ESA.

At a minimum, the recommendationsof the Aquatic Nuisance Species TaskForce
(ANSTF) which was established under theNonindigenous Aquatic Nuisance
PreventionandControlAct of 1990shouldbe conducted.The taskforcedeveloped
recommendationsregardingdirectintroductionsandindirect, accidentalreleasefrom
public andprivate sectorfacilities. All Stateagencieswithin the subspecies’range
and GSMFC, FWS, NBS, NMFS, NGOs, universities, and other involved
researchersshould prepare a consensuspolicy regarding introduction of non-
indigenoussturgeonstocksinto the rangeof Gulf sturgeonin accordancewith thew~
optionsoractions identifiedby theANSTF to reducerisksandadverseconsequefl&~
associatedwith introductions. States should implement necessary actionsfor
promulgating regulationsconsistentwith thepolicy.

3.0 Coordinateandfacilitateexchangeof information onGulfsturgeonconservationand
recoveryactivities.

Any researchand/or managementactivities on fish specieswhich transcendjurisdictional
boundariesmust be coordinated.Managementand recoveryactions must be consistentacross
the rangeof the subspeciesin order to be effective. Gulf sturgeon recoveryefforts will be
enhancedby thecoordinationof activities andexchangeof informationregardingthebiology and
managementof all sturgeonspecies.

3.1 Coordinateresearchand recoveryactions.

Coordinationactivities involving stateand federal resourcemanagement agencies, NGOs,
anduniversitieswith an interestin theGulf sturgeonshouldbe conductedat leasteverytwo
years. Suchcoordinationwill providefor studies andmanagementplanswhich will reduce
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researchers should prepare a hatchery and culture operations plan relating to stocking 
policy/guidelines. The FWS should take the lead in coordinating, seeking peer 
review, and completing the document. 

2. 5. 3 Develo.p and implement a regulatory framework to eliminate accidental and 
intentional introductions of non-indigenous stock or other sturgeon species. 

Release of hatchery-reared fish without a program of monitoring does not fulfill 
government's role as a steward of renewable natural resources. Monitoring and 
systematic assessment of stocks will assist in detennining 'the impact of accidental 
and intentional releases of non-indigenous stock or other sturgeon species. This 
recovery plan recognizes that it is irresponsible to intentionally release fish without 
review or concurrence from the recovery team or ·coordinator, and therefore 
undocumented intentional releases should not occur. In the case of federal aget:K:ies 
who undertake actions that may affect a listed species (stock introductions), 
consultation with FWS and/or NMFS is required under section 7 of the ESA. 

At a minimum, the recommendations of the Aquatic Nuisance Species Task Force 
(ANSTF) which was established under the Nonindigenous Aquatic Nuisance 
Prevention and Control Act of 1990 should be conducted. The task force developed 
recommendations regarding direct introductions and indirect, accidental release from 
public and private sector facilities. All State agencies within the subspecies' range 
and GSMFC, FWS, NBS, NMFS, NGOs, universities, and other involved 
researchers should prepare a consensus policy regarding introduction of non
indigenous sturgeon stocks into the range of Gulf sturgeon in accordance with t11e.>1
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options or actions identified by the ANSTF to reduce risks and adverse conseqUe:riceS ~'- • 
associated with introductions. States should implement necessary actions for • '' • 
promulgating regulations consistent with the policy. 

3.0 Coordinate and facilitate exchange of information on Gulf sturgeon conservation and 
recovery activities. 

Any research and/or management activities on fish species which transcend jurisdictional 
boundaries must be coordinated. Management and recovery actions must be consistent across 
the range of the subspecies in order to be effective. Gulf sturgeon recovery efforts will be 
enhanced by the coordination of activities and exchange of information regarding the biology and 
management of all sturgeon species. 

3.1 Coordinate research and recovery actions. 

Coordination activities involving state and federal resource management agencies, NGOs, 
and universities with an interest in the Gulf sturgeon should be conducted at least every two 
years. Such coordination will provide for studies and management plans which will reduce 
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duplicationof effort, enhancecooperation, andoptimize agencymanpower andfunding.
The FWS andGSMFC shouldtakethe leadin conducting thecoordinationactivities.

3.2 Develop an effective communicationprogram or network for obtaining and
disseminating informationon recoveryactions andresearchresults.

All recovery participantsincluding stateand federal agencies,NGOs, anduniversities
working on Gulf sturgeon are stronglyurged to publish research findingsin technical
publications. Unpublished reports(gray literature),bibliographies,andavailabledataon
Gulf sturgeonshould be compiled andpublished or otherwise made availableto all
participants.Acquiring,disseminating,andmaintaining informationregardingGulfsturgeon
recovery activitiesshouldbe centralized. The FWS shouldtake thelead incollecting and
centralizing informationregardingGulf sturgeonrecoveryactivities.

In order to ensureeffective communicationamong the variousentities involved in Gulf
sturgeon research, recoveryand management,a newsletter shouldbe developedand
disseminatedon a regularbasis. This newsletterwould provide all interested partieswith
the most up-to-date information regardingprogresstoward achievingthe goalsof the
RecoveryPlan. The FWSshouldtakethelead inpreparing,printing, anddisseminatingthe
newsletterand coordinatingwith otherexisting sturgeonnewsletters.

3.3 Develop a non-scientific constituencyand public information program directed
toward enhancingrecoveryactions.

In order for Gulf sturgeonrecovei~’ actionsto be successful,the generalpublic mustbe
awareof suchactionsandunderstan& theneedfor them. An informationandeducation
program mustbe developedto inform the public of the causesof the decline of Gulf
sturgeon, to increase the public’s awareness,understanding,and involvement in Gulf
sturgeonrecoveryefforts and to promotewise use of land in watersheds. Educational
materialssuchas brochures,newspaperand magazinearticles,publications,posters,and
slide and television presentations,among others,must be produced anddisseminatedto
target audiences,such as commercial and recreational fishermen, boaters, and civic
organizations. The Gulf statesresourcemanagementagencies,FWS, NBS, andNMFS
should seekfunding for the developmentof educationalmaterial for disseminationto the
public. The FWS or GSMFC should take the lead in coordinatingthis effort providing a
centralizedlocationfor storageof informationif necessary.

4.0 Implement recoveryprogram.

Existingbudgetsof involvedagenciesandotherpartiesarenot capableof fully funding theGulf
sturgeon recoveryplan. Competitionfor funding under theESAis intense,partly dueto thelow
level of appropriationsto the programand the increasingnumberof listed species. In orderto
assurethatactionswhich would resultin recoveryoftheGulfsturgeon areimplemented,funding
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duplication of effort, enhance cooperation, and optimiz.e agency manpower and funding. 
The FWS and GSMFC should take the lead in conducting the coordination activities. 

3.2 Develop an effective communication program or network for obtaining and 
disseminating information on recovery actions and research results. 

All recovery participants including state and federal agencies, NGOs, and universities 
working on Gulf sturgeon are strongly urged to publish research findings in technical 
publications. Unpublished reports (gray literature), bibliographies, and available data on 
Gulf sturgeon should be compiled. :anct published or otherwise made available to all 
participants. Acquiring, disseminating, and maintaining information regarding Gulf sturgeon 
recovery activities should be centmi7.ed~ The FWS should take the lead in collecting and 
centralizing information regarding-,Gulf sturgeon recovery activities. 

In order to ensure effective communication among the various entities involved in Gulf 
sturgeon research, recovery and management, a newsletter should be developed and 
disseminated on a regular basis. This newsletter would provide all interested parties with 
the most up-to-date information regarding progress toward achieving the goals of the 
Recovery Plan. The FWS should take the lead in preparing, printing, and disseminating the 
newsletter and coordinating with other existing sturgeon newsletters. 

3. 3 Develop a non-scientific constituency and public information program directed 
toward enhancing recovery actions. 

In order for Gulf sturgeon recovery actions to be successful, the general public must be 
aware of such actions and understiind·• the need for them. An information and education 
program must be developed to inform the public of the causes of the decline of Gulf 
sturgeon, to increase the public's awareness, understanding, and involvement in Gulf 
sturgeon recovery efforts and to promote wise use of land in watersheds. Educational 
material.s such as brochures, newspaper and magazine articles, publications, posters, and 
slide and television presentations, among others, must be produced and disseminated to 
target audiences, such as commercial and recreational fishermen, boaters, and civic 
organizations. The Gulf states resource management agencies, FWS, NBS, and NMFS 
should seek funding for the development of educational material for dissemination to the 
public. The FWS or GSMFC should take the lead in coordinating this effort providing a 
centralized location for storage of information if necessary. 

4.0 Implement recovery program. 

Existing budgets of involved agencies and other parties are not capable of fully funding the Gulf 
sturgeon recovery plan. Competition for funding under the ESA is intense, partly due to the low 
level of appropriations to the program and the increasing number of listed species. In order to 
assure that actions which would result in recovery of the Gulf sturgeon are implemented, funding 
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for activities must be securedand a designatedlead recovery office must be identified.

Involvementof NGOs,anduniversitiesshouldbe solicited.

4.1 Designate andfunda Gulfsturgeonrecoveryleadoffice.

Funding to supporta FWS recoveryleadoffice must be identifiedto coordinatea multi-
agency,multi-disciplinary recovery implementationcommittee. The lead office should
documentall research,recovery,andmanagement informationandplans. Workwould be
combinedwith other FWSduties. The leadoffice shouldbe in a locationwhich facilitates
coordinationwith all Gulf sturgeonactivities. The lead officeshouldbe fundeduntil the
Gulf sturgeonis consideredrecoveredaccordingto theRecovery Plan.

~~1

4.2 Seekfunding for Gulf sturgeon recoveryactivities.

The recoveryleadoffice, with supportfrom involvedagencies,NGOs, universities, andthe
public should seekto bring high visibility to theneedfor fundingof Gulf sturgeonrecovery
activities. Funding strategiesto acquire Congressionalappropriationsand other funding
sourcesshouldbe developed. The recovery lead office should facilitate this effort and
coordinatea unifiedfunding package forGulf sturgeonrecoveryactivitiesin the southeast.

4.3 Implement projects or actions which will achieve recovery plan
objectives.

Basedon the recoveryplan,a seriesof specificprojectswill be identified whichcould bring
about improvementsin the habitat or stock condition of Gulf sturgeonin specific river
systemsthroughout the rangeof thespecies. Projectsshouldbe submittedto the appropriate
agenciesor funding sourcessfor consideration. The Gulf states resourcemanagement
agencies shouldbegivenfirst opportunityto implementtheidentifiedprojects,throughjoint
efforts with FWS, NBS, NMFS, universities,NOOs, or other interestedresearchers.

4.4 Develop and implement a program to monitor populationlevels and habitat
conditionsof known populationsin the managementunits as well as newly discovered,
introduced,or expandingpopulations.

The statusof thesubspeciesandits ecosystemsshouldbe monitoredto assess anyprogress
toward recoverywhile recoveryactionsareongoingand following completionof actions.
A standardized assessmentprogramshouldbe designedby amulti-agency groupcoordinated
by the recovery lead office and the GSMFC. The Gulf states resourcemanagement
agencies, federal agencies,universities,NGOs, and other researchersshould conductan
annual assessmentof the managementunit populationlevels in their areaof responsibility
or as appropriate. The recovery lead office should maintain, collate, and review the
assessments preferably on anannualbasisbut at leastevery two years. This information
should be summarizedfor distribution andusedin the Congressionallyrequired biennial
speciesstatusreports.
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conditions of known populations in the management units as well as newly discovered, 
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The status of the subspecies and its ecosystems should be monitored to assess any progress 
toward recovery while recovery actions are ongoing and following completion of actions. 
A standardized assessment program should be designed by a multi-agency group coordinated 
by the recovery lead office and the GSMFC. The Gulf states resource management 
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or as appropriate. The recovery lead office should maintain, collate, and review the 
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5.0 Monitor recoveryprogram.

A recoveryplanbenefitsa speciesonly if it is implemented. The planandits implementation
must bestrongenoughto provideadequateguidanceto speciesmanagers butbe flexibleenough
so that it may be changedor revisedto recoverthe species.In addition, theFWS and NMFS
arerequiredby Congressto track the statusof all listed speciesand the implementationof
recoveryplans, financial expendituresfor eachspeciesor clustersof species,and statusof
recoveredspecies.

5.1 Assessoverall successof the recovery programandrecommendaction.

The recovery programmustbe evaluated periodicallyto determineif it is makingprogress
in achievingrecoveryobjectivesand to recommendfuture actions. Theseactionscould
includechangesin recovery objectives, continuingor increasingprotection,implementing
new measures,revisingrecoveryplansand recommendingdelisting. Therecovery program
should be preferably evaluatedannuallybut at leastbiennially. The recovery leadoffice
should be responsiblefor collection of the required informationand preparationof the
Congressionalreports. As part of this effort, the lead office shouldpreparestandardized
reporting forms so that the affectedparties caneasily provide the necessary information.
Reporting requirementsshould continue for five years after the delistingof the Gulf
sturgeon.

Ii.

‘C,.-.
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RI. IMPLEMENTATION SCHEDULE

The ImplementationSchedule indicatestaskpriorities, tasknumbers,taskdescriptions,duration
of tasks,potentialor participatingparties,and lastly,estimatedcosts (Table3). These tasks,
when accomplished,will bring aboutthe recoveryobjectivesfor theGulf sturgeonasdiscussed
in Part II of this plan.

Partieswith authority, responsibility,orexpressed interestto implementa specific recoverytask
are identifiedin the ImplementationSchedule. Whenmorethanoneparty hasbeenidentified,
the proposedlead party is indicated by an asterisk(*). The listing of a party in the
ImplementationSchedule doesnot imply arequirementor thatprior approvalhasbeen givenby
thatparty to participateorexpendfunds. However,partieswilling to participatewill benefit by
being able to show in their own budgetsubmittalsthat their funding requestis for a recovery
taskwhich hasbeenidentified in an approvedrecoveryplan and is thereforepartof theoverall
coordinatedeffort to recoverthe Gulf sturgeon. Also, Section7(a)(1) of the ESA directs all
federalagenciesto utilize theirauthoritiesin furtheranceof thepurposesof theESA bycarrying
out programsfor the conservationof threatenedandendangered species.

Following are definitionsto columnheadingsandkeysto abbreviationsand acronymsusedin
the ImplementationSchedule:

Task Number & Task: Recovery tasks as numberedin the recoveryoutline. Refer to the
Narrative for taskdescriptions.

Priority Number: All priority 1 tasksare listedfirst, followed by priority 2 andpriority 3 tasks.

Priority 1 - All actionsthatmust betakento preventextinctionor to preventthe subspecies
from declining irreversiblyin the foreseeablefuture.

Priority 2 - All actionsthat must betaken to preventa significantdecline in subspecies
population/habitatquality, or someothersignificantnegative impactshort of extinction.

Priority 3 - All other actions necessaryto provide for full recovery (orreclassification)of
the species.

TaskDuration: Years tocompletethe correspondingtask. Study designscan incorporatemore
thanone task, which can reducethe time neededfor taskcompletion.

Underway - Task alreadybeing implemented.

Continuing - Task necessaryuntil recovery.
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ResponsibleorParticipatingParty: Federalor stategovernmentagenciesor universities(party)
with the responsibility and/orcapability tofund or carry out thecorrespondingreco~erytask.

FWSRegion- FWS Regions(only statesin the Gulf sturgeons’srangearelisted)
2 - Albuquerque(Texas)
4- Atlanta(LA,MS,AL,FL)

FWSProgram- Division or programof theFWS
FF- Fisheries
PRO- Fisheries Resources Office
ES- Ecological Services
LE- Law Enforcement
WNFH- WelakaNationalFishHatchery
WSRFC- Warm SpringsRegionalFisheriesCenter
GCFCO- GulfCoastFisheriesCoordinationOffice

Other FederalAgencies
COE - U.S. Army Corps of Engineers
EPA - U.S. EnvironmentalProtectionAgency
MMS - Minerals ManagementService
NMFS - NationalMarine FisheriesService
FERC - Federal EnergyRegulatory Coummission
NBS - National BiologicalService/SouthesternBiological ScienceCenter

Gainesville,FL
NRCS - NaturalResourcesConservationService

State Agencies
GSRMA - Gulf StatesResourceManagementAgencies

LouisianaDepartmentof Wildlife andFisheries
Mississippi Departmentof Wildlife, Fisheries,andParks
AlabamaDepartmentof ConservationandNaturalResources
FloridaDepartmentof Environmental Protection
TexasParksandWildlife Department

CES - CooperativeExtensionService(all GSRMA)

A

OtherParties
GSMFC -

CCC-
UF -

Gulf StatesMarine FisheriesCommission
CaribbeanConservationCorporation
University of Florida
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Cost Estimates

:

correspondingtask.
amountto complete
party.

Estimated fiscal year cost, in thousandsof doliars, to complete the
The costs associatedwith a taskor party representtho estimateddollar

the taskandarenot necessarily thefiscal responsibilityof the associated

Study designscan incorporate morethan onetask, which when combinedcan reducethe cost
from whentasksareconductedseparately. Costfor implementing“continuing” recoverytasks
are in excessof what is displayedfor the five yearsin the schedule.

Comments: Additional informationif appropriate.

I -
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Cost Eqjm1tes: Estimated fiscal year cost, in thousands of dolJan, to complete the 
corresponding task. The costs associated with a task or party represent tho estimated dollar 
amount to complete the task and are not necessarily the fiscal responsibility of the associated 
party. 

Study designs can incorporate more than one task, which when combined can reduce the cost 
from when tasks are conducted separately. Cost for implementing "continuing" recovery tasks 
are in excess of what is displayed for the five years in the schedule. 

Comments: Additional information if appropriate. 
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TABLE 3. IMPLEMENTATION SCHEDULEFOR GULF STURGEONRECOVERY ACTIONS

GULF STURGEON RECOVERY IMPI.EMENTATION SCHEDULE

Priority TASK

N

TASK

DESCRIPTION

TASK

DURATION
(YEARS)

RESPONSIBLE DARTY ESTIMATED FISCAL YEAR COSTS ($000)
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3. IMPLEMENTATION SCHEDULE FOR GULF STURGEON RECOVERY ACTIONS 

GULF STURGEON RECOVERY IMPLEMENTATION SCHEDULE ---
RESPONSIBLE PARTY ESTIMATED FISCAL YEAR COSTS ($000) 

Priority TASK TASK TASK 
c-.. 

# DESCRIPTION DURATION FWS OTHER FY 1 FY 2 FY 3 FY 4 FY 5 

(YEARS} 
"4lllon Progr..-n fWI 0- fWI 0- fW8 Claw FW8 - - ----

1.3.1 Develop and implement underway 4 Ff• NBS• 1 30 1 30 7 30 1 30 1 30 T ..... 1.1,1. 

standardized population FRO-PC GSRMA 8 20 20 20 40 32 40 32 40 32 ,.a.,.2.1., .... 

sampling and monitoring COE 2 2 6 15 6 
1.1.1 cenN -techniquea -- -

2_5,3 Develop and implement 4 FF NBS• 6 2 
_ ...... 

a regulatory framework FRO-PC• GSRMA 8 4 
----

to eliminate acidental ES-PC GSMFC 2 1 
_ ..... 

-olZ.1.1 

and intentional GCFCO UF 2 
introductions of non-
indlganoua stock or 

other sturgeon species 

- --~ 
2.1.2 Reduce or allmlnate underway 4 FRO-PC• GSMFC* 15 15 Hi 15 115 115 ~-~ 
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NMFS 715 76 715 76 211 --·------

2.4.5 Restore tha benefit■ of underway 4 ES N8S 2 2 10 2 10 2 20 3 ---natural nvelinll habitats continuing FRO-PC COE 2 10 2 20 2 20 15 
_,._ 

GCFCO GSRMA 2 8 2 12 2 12 3 ----- -- -
2.3.1 UtHlze exilting underway 4 ES• EPA• 15 5 15 15 6 6 Ii 6 -1 

euthoritlee to protect continuing GCFCO COE 3 5 3 6 3 Ii 3 15 -habitat end where GSRMA 8 8 8 8 ---.-
inadequate, ntCOmmllnd GSMFC 3 3 3 3 -naw incentives, laWI, 

and regulatiOna 

- -
2 2.1.1 tncraNe ,ttectlvenela contiiunu 4 LE NMFS• 76 75 711 711 76 75 75 711 75 71 IN7-

and enforcement of FF* GSRMA• 180 180 180 180 180 ·--state and federal tllkll ES• ---...,_, __ 
prohibltlone _.,. .... ,__ __ --

2 1.1.1 Conduct and ,.flnl flald underway 4 FF NBS• 20 1 20 1 20 1 20 1 20 -'-'·'· 
lnvaetlgetiOna to locate continuing FRO-PC• GSAMA 15 eo 58 eo 70 80 70 IO 10 80 1.a.1.u.1.-

Important apawrq, GCFCO COE 1 5 1 Ii 2 15 2 • a • 
,.._, __ -faedlng, and CCC 10 10 10 12 12 ---devalopmlnta!Nbltm UF 1 2 2 • 
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TABLE 3. (continued). IMPLEMENTATION SCHEDULEFOR GULFSTURGEON RECOVERY ACTIONS

GULF STURGEON RECOVERY IMPLEMENTATION SCHEDULE

PRIORITY TASK
N

TASK
DESCRIPTION

TASK
DURATION

(YEARS)

RESPONSIBLE PARTY ESTIMATED FISCAL YEAR COSTS (*000)

c.u
FINS OTHER

R.g.o.. Prog.m.~

FY 1 FY 2 FY 3 Pt’ 4 Pt’ 5

twa oem. twS Oem. tWa Oem. twS Gem. twa Gem.
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TABLE 3. (continued). IMPLEMENTATION SCHEDULE FOR GULF STURGEON RECOVERY ACTIONS 

---
PRIORITY TASK TASK 

# DESCRIPTION 

---
2 1.1.2 Characterize riverine, 
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area, that provide 
easantial habitat 
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2 1.2 Conduct life history 
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-

GULF STURGEON RECOVERY IMPLEMENTATION SCHEDULE 
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TABLE 3. (continued). IMPLEMENTATION SCHEDULEFOR GULFSTURGEONRECOVERY ACTIONS

GULF STURGEON RECOVERY INWLEMENTATION SCHEDULE

PRIORITY TASK
N

TASK
DESCRIPTION

RESPONSIBLE PARTY ESTIMATED FISCAL YEAR COSTS ($000)

DURATION FY3 FY4 FYS

twa Oem. twa Oem. tw5 oem. twa Oem. tw5 Gem.

COMMENTS

2 2.4.1 Identify dam and lock
sites that offer the

greatest feasibility for
auccesaful restoration of
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continuing FRO-PC COE 5 10 5 10 2 5

GCFCO NMFS 5 2 5 2 2 2
GSRMA 8 8 4
GSMFC 6 5 2

em~,eiw*~e
WdM SmaR6

mud my r.im
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TABLE 3. (continued). IMPLEMENTATION SCHEDULE FOR GULF STURGEON RECOVERY ACTIONS 

PRIORITY TASK TASK 

# DESCRIPTION 

2 2.4.1 Identify dam and lock 
sites that offer the 

greataat feasibility for 
auccaaaful restoration of 
and to essential habitats 
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sturgeon recovery 
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between groundwater 

pumping and reduetion of 
groundwater flows into 
manegement unita, and 
quantify loH of riverine 

habitat related to 18duced 
groundwater in-flowa 

-= . 

GULF STURGEON RECOVERY IMl,LEMENTATION SCHEDULE 

TASK 

DURATION 

(YEARS) 

1 

underway 
continuing 

underway 
continuing 

underway 
continuing 

continuing 

2 

RESPONSIBLE PARTY 

FWS 

....... Prog,em 

4 ES-PC 
FRO-PC 

4 ES 
FRO-PC 
GCFCO 

4 FF 
FRO-PC 

4 es· 
GCFCO 

4 ES 

4 ES 

-

OTI-IER 

GSMFC• 
COE 
GSRMA 

l'ERC• 
COE" 
NMFS 
GSRMA 
GSMFC 

GSRMA" 
NGO. 

N8S 
GSMFC 
GSRMA 

NBS 
EPA" 
GSRMA 
NRCS 

u&GS•• 
GAONA 

ESTIMATED FISCAL YEAR COSTS 1•000) 

FY 1 FY 2 FY 3 FY 4 

FW& Olhor FW8 Olhor FW& Olhor FW& -
fj 15 

2 10 
20 

-- -
5 10 5 10 2 fj 

5 10 fj 10 2 5 
fj 2 fj 2 2 2 

8 8 4 
5 5 2 

-- - -- - - --

-- - - - - - -

2 2 10 fj 5 fj 

2 20 75 20 75 20 

8 8 8 

252 125 

------

FY 

l'WI 

--

--

-
75 

COMMENTS 
5 ---
-- _.._ --_,..._ ----.... ...., .... ea.-. 

-··----
-..-. 
...... D 
-In -- ------

20 ---.... _.., _.,_ 
2.2.1 

-· 
----

___ ,11-

-c.. 
....,.4L..a.vL 
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TABLE 3. (continued). IMPLEMENTATIONSCHEDuLE FOR GULFSTURGEON RECOVERY ACTIONS

GULF STURGEON RECOVERY IMPLEMENTATION SCHEDULE

PRIORITY TASK
N

TASK
DESCRIPTION

TASK
DURATION

(YEARS)

RESPONSIBLE PARTY ESTIMATED FISCAL YEAR COSTS (*000)

c~.

R.gHn Proe~.m
OTHER FY 1 Pt’ 2 FY 3 FY 4 FY 5

twa Oem. twC oem. twa oem. pm oem. twa oem.

3 2.5.1 Evaluate the need
toatockhatchery-

produced Gulf
sturgeon

considering habitat
suitablity and

current population
status

underway 4 PF
FRO-PC

ES-PC
GCFCO

NBS
GSRMA

1 5
1 e

1
1

1 10 1 10 10
3 8 s 4 10 4

1 2 2
1 1 1

1 10
10 13

2
1

Teak. 1.1.1.
~
mud 1.1.1 mm
be ~

3 1.5.1 Conduct a
Gulfwide genetic

asaeasnlentto
determine

geographically
distinct

management units

underway 4 PP
PRO-PC
GCPCO

NBS
GSRMA
NOOs

15 1
8 ~
2 1

15 1
48 too
1 1

~ma.y @4
-m
mm~ee

we
omame a.
CUm~SSm~

3 2.2.3 Asseasselected
contaminant leveis
in Gulf sturgeon

from management

underway
continuing

4 PF
ES

EPA
GSRMA

15 30 10 30 10 10 6
20 20 20 win ft

mm~
lSa kudree

luvmea e.~

maw
aa~ais
test

3 1.3.2 Developpopuletlon
models

underway
conthilog

4 FF
PRO-PC

NOS
NMPS
GSRMA
NGOa

5 15
~ 2

8
2

5 15 20
5 2

8
2

3 4.1 Deelgnsteandfund
aGulf sturgeon
recovery lead

office

continuing 4 ES
PP

3
3

7 7 7
3

7 7
3 3

aiWlisral
tddMg— -a

—

—

1.4.1 Continuscultureof
Gulfeturgeon

underway —

—

WNFII
WSRPC
PRO-PC

—

NBS
LDWP
ADNCR
UP

3 2 23 2 23 2 23 2
2 3 25 3 25 5 28 8

3 10 3 10 ~ 10 S
5 5 10

— —————— ~

23 2
28 5
10 g

10
—

-4
-4

3. (continued). IMPLEMENTATION SCHEDqLE FOR GULF STURGEON RECOVERY ACTIONS 

PRIORITY 

3 

3 

3 

3 

3 

3 

TASK 

# 

2.5.1 

1.5.1 

2.2.3 

1.3.2 

4.1 

1.4.1 

-

TASK TASK 

DESCRIPTION DURATION 

(YEARS} 

Evaluate the need underway 
to stock hatchery-

produced Gulf 
sturgeon 

considering habitat 
auitablity and 

current population 
atatua 

Conduct a underway 
Gullwide genetic 

aaseument to 
determine 

geographically 
distinct 

manage,nent unit• 

Auaaa aelectad underway 
contaminant levela continuing 
in Gulf aturgeon 

from management 
units 

Develop population underway 
models contnJinu 

Deaignata and fund continuing 

• Gull sturgeon 
racovery lead 

office 

Continue culture of underway 
Gull 1turgeon 

. 

GULF STURGEON RECOVERY IMPLEMENTATION SCHEDULE 

RESPONSIBLE PARTY 

FWS OTHl:FI 

Rogion ,,ogram -
4 FF NBS 

FRO-PC GSRMA 
ES-PC 
GCFCO 

---
4 FF* NBS 

FRO-PC GSRMA 
GCFCO NGO, 

---
4 FF* EPA* 

es• GSRMA 

~.: k '.l\.'"I t •~ ---
4 FF NBS 

FRO-PC NMFS 
GSRMA 
NGO. -

4 es• 
FF 

---
4 WNFH NBS 

WSRFC* LDWF 
FRO-PC A.DNCR 

UF -

FWI 

15 
8 
2 

15 

5 
15 

7 
3 

3 
2 

FY 1 

Olhof 

5 
8 

1 

3 

15 
2 
8 
2 

2 
3 
3 
5 - -

ESTIMATED FISCAL YEAR COSTS 1•0001 

FWI 

1 
3 

15 
48 

30 

6 
5 

7 
3 

23 
25 
10 

FY 2 

-
10 
8 

100 

10 
20 

15 
2 
8 
2 

2 
3 
3 
I - -

FY 3 

l'WI 

5 
2 

30 

20 

7 
3 

23 
25 
10 -

°"'"' 
10 
4 

10 
20 

-

2 
II 
II 
II -

FY 4 

l'WI 

1 
10 
2 

10 

-

7 
3 

23 
21 
10 

-

-
10 
4 

5 
20 

-

2 
I 
I 
10 -

FY 5 - -
l'WI -- -· 
1 10 

10 13 
2· 
1 

- -

- -~ 

- -. 

- -
7 7 
3 3 

-
23 2 
21 II 
10 I 

10 - -

-
Tuul.1.1, 
,.,.,. 2.1.,. 
INl\.l,1 OM ----
Mljolllyol -----, ___ 

-· .......... 

..., .. _ 
--"---,-.IMII' ... ,.__ ---,-. 

. ......,., 
-. ...-----I 



TABLE 3. (continued). IMPLEMENTATION SCHEDULEFOR GULFSTURGEONRECOVERYACTIONS

GULF STURGEON RECOVERY IMPt.EMENTATION SCHEDULE

PRIORITY TASK

N

TASK

DESCRIPTION

TASK

DURATION
(YEARS)

RESPONSIBLEPARTY ESTIMATED FISCAL YEAR COSTS ($000)
—

FY 1 FY 2 FY 3 FY 4 FY B
COMMENTS

FWS OTHER
R.giw ~,oa,..,, ‘Wa oem. twa Oem. PWC oem. twa Oem. IWS oem.

3 2.2.6 Conduct etudiea to
determine the effecta

of known chemical
contaminente in water

from management

units on Gulf sturgeon
or a aun-ogate species

4 4 ES-PC~ EPA
WNFH NIS
WSRFC

75 10 76 10 75
5 5 5 6

75 laWi4&Ne5~wr
p~l~ Smmae.

3 2.4.3 Operate and/or modify
dams to restore the

benefits of historical

flow patterns and
processes of

sedimentation

underway
continuing

4 ES FERC
PRO-PC COE
GCFCO NMPS - -

GSMPC

-- ~

— ‘delaW

twUUS
mae cm.

,~

m@4m.ity Sm.

laSmud ~armm.

3 2.3.2 Identify, protect,
and/or acquire

appropriate land or
aquatic habitats on an
ecosystem approach

underwsy
continuing

4 PP NIS
PRO-PC NMFS
ES-PC GSRMA
GCFCO NGOe

5~ Omaimad mail

.eM. a ~m.
1i
~~am.wecmem

3 2.4.2 Evaluate, design, end
providemeansforGulf

sturgeon to bypass
migration restrictions
to easentlel habitats

contInuing 4 ES PERC
PP COE

?‘IMPS

— —
4 ES’ NOS

PP GSMFC
GCFCO

— —

5 5

10 25 28
10 25 25

—
10 2 5 5 10 2
5 15 5 i5
5 5

25
25

— —
5 5

twa&mae
kiudmeiM.
p~ aa~mu

,..dme Sr COOS
PMC. iway ma
cm.p.mu, ai@4. S
m.’d urn

3 3.1 Coordlnsteresearch
endrecoveryactIons

contlruang Pia~eiagMm5*i
mw90IW.

3 2.5.2 Devaloppollcyand
guidelines for hatchery
and culture operations

related to stockIng

2 4 PP NBS’
PRO-PC • GSRMA
ES-PC GSMPC
GCFCO ~

a 2
s - 4
2 1
2 1

5 2
10 4
8
5 15

Cm,a’dt~
~ be
~mw mu Sm

mm. @42.5.1

3 3.2 Develop en effective continuing 4 ES’
communication

program or network to
obtain and disseminate

information on~ ~~jeOoveiV ectlarie end
msw~etein4a u a

GSMFC
CES

5

I 1 I I

6
2

5 5
2

——

5 5
2

5 5
2

P~a 1w
— mu’

remigaigla

— —— —

_ _, __ ,.,_. 

TABLE 3. (continued). IMPLEMENTATION SCHEDULE FOR GULF STURGEON RECOVERY ACTIONS 

GULF STURGEON RECOVERY IMPLEMENTATION SCHEDULE 

RESPONSIBLE PARTY ESTIMATED FISCAL YEAR COSTS t•OOO) 

PRIORITY TASK TASK TASK COMMENTS 

# DESCRIPTION DURATION FWS OTHER FY 1 FY 2 FY 3 FY4 FY 5 

(YEARS) 
RaQ'on ,,Ofll.,,, FWS o ... , FW& 0- FW& 0- fW& - FWS °"'"' -

3 2.2.6 Conduct studies to 4 4 ES-PC" EPA 75 10 76 10 75 75 -·--· determine the effect& WNFH NBS 6 5 5 6 

.., ___ 

of known chemical WSRFC 
...... _ 

contaminant& in water 
from management 

units on Gulf aturgeon 
or a su,rogate apeclea --- -- - - - -- -- -- -- -- -

3 2.4.3 Operate and/or modify underway 4 ES FERC• -.-.. 
dams to restore the continuing FRO-PC COE• --.. 
benefits of historical GCFCO lllm:5 -·-· ---flow patterns and GSMFC __ .... 

proceaaes of --~-
sedimentation 

............. 

-J --· 00 - -- - - - - - - - -- -
3 2.3.2 Identify, protect, underway 4 FF NBS 

., __ 

and/or acquire continuing FRO-PC NMFS 

__ .._ 

appropriate land or es-PC• GSRMA 
......,._ 
,....._ 

aquatic habitats on an GCFCO NGOa .. -·-· ecoeyatem approach RW --- - --
3 2.4.2 Evaluate, daalgn, and contirung 4 ES FERC• 10 26 25 25 -·-p,ovide -- for Gulf FF COE• 10 25 25 25 --·--sturgeon to bypaaa ,1'...,,FS" ,_ , --- .. migration reatrictiona -to .-ntial habitats ----c:ot• 

1'1111:.Moy-

C:..---• --· - - - - - - -
3 3.1 Coordinate reaearch continuing 4 es• NBS 6 5 10 2 6 5 10 2 5 IS 

,.... ... _ 
and f8CO\lery actions FF GSMFC• 6 15 5 16 ---GCFCO 5 6 - - -

3 2.5.2 Develop policy and 2 4 FF NBS• 5 2 5 2 _...,. .... 
guidelna for hatchery FRO-PC• GSRMA 6 4 10 4 

----and culture openttlone ES-PC GSMFC 1 2 
........... 

2 5 _.,:1,1., 

related to •tocking GCFCO /Jf, 2 5 15 - - - -
3 3.2 Develop an effectl\18 contioolng 4 ES• GSMFC IS 6 6 IS 5 a 5 IS ,_,..., 

communication CES 2 2 2 2 ............. 
program 01 network to 

--. ......, 
obtain and dlNMllnate -lnfonnadon on 
--,aetloriaand ........... 



TABLE 3. (continued). IMPLEMENTATION SCHEDULEFOR GULFSTURGEON RECOVERY ACTIONS

GULF STURGEON RECOVERY IMPLEMENTATION SCHEDULE

PRIORITY TASK
N

TASK
DESCRIPTION

TASK
DURATION

(YEARS)

RESPONSIBLE PARTY ESTIMATED FISCAL YEAR COSTS (*000)
camm,la

FINS

R.glon P.ea,.n,

OTHER FY 1 FY 2 FY 3 Pt’ 4 FY 5

twa oa~., twa Ovur tWS oem. twa Oem. twa Oem.

3 3.3 Develop a non-scientific
constituency and public

information program
directed toward

enhancing recovery
actions

underway
continuing

4 FP
E5
GCFCO
CES

GSMPC
NMFS
OSAMA

5 10
~ 5

5 10 5 5
5 5 5
8 8

8
8

5

3 1.5.2 Assesathapotentialto
develop genetic markera
to differentiate wild end
hatchery-produced Gulf

aturgeon

ongoing 4 FF
ES

NMPS
UF

25 10
25 10

25 10
25 10

~teamm U.U~ 1.4.3

3 1.4.2 Identify phyaical,
chemical and biological

parametera necessary to
maintain growth, health,

and aurvival of fish
reared under artificial

conditions

underway
continuing

4 WNFH
WSRFC

NBS
UP
LDWF
ADNCR

~
~

10
6
3
3

5 10
20 6

3
3

10 10 10 10
20 8 20 8

5
S 5

10
20

10
10

5

~UdMe~U~@4
~‘~“
dupuama —
Sm ejeema @4sat

3 1.4.3 IDandtestnon-genetic
internal and external

merkera or techniques to
differentiate wild and

hatchery-produced Gulf
aturgeon

2 4 PP
FRO-PC

NOS
CCC
GSRMA

25 5
5 2

4

25 5
5 2

4

PudMeeda
ma

ma 145

3 4.4 Developandlmplement
aprogramtomonitor

levela and habitat
conditions of known

populations in the
management units as

well as newly
discovered, introduced,

or expanding populatIons

continuing 4 ES
PRO-PC

NBS
CCC
GSRMA

5
5

2
2

20

5 5
5 5

20

1 5 S 5
5 S 5 s

20 20

s
s

2
2
20

3 51 ASsess overall success continuing 4 E5 2 2 2 2 2
of the recovery program
and recommend action

= - = - = • = ————— m —
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3. (continued). IMPLEMENTATION SCHEDULE FOR GULF STURGEON RECOVERY ACTIONS 

GULF STURGEON RECOVERY IMPLEMENTATION SCHEDULE 

---
RESPONSIBLE PARTY ESTIMATED FISCAL YEAR COSTS (.000) 

PRIORITY TASK TASK TASK co-n, 

# DESCRIPTION DURATION FWS OTHER FY 1 FY 2 FY 3 FY 4 FY 6 
(YEARS) 

""91on Program FWI Other FWS - FWS °"'"' FWS - - ----
3 3.3 Develop a non-scientific underway 4 FF" GSMFC• Ii 10 Ii 10 Ii Ii ( Ii 

constituency and public continuing ES• NMFS 15 15 15 Ii 15 
information progrem GCFCO GSRMA 8 B 8 8 

directed toward CES 
enhancing recovery 

actions --- -- -- -- -- -- --
3 1.5.2 A8888s the potential to ongoing 4 FF" NMFS 25 10 25 10 .,.... ... 

develop genetic markers ES UF 215 10 25 10 -to differentiate wild and ----1.4,1 
hatchery-produced Gulf -sturgeon ---

--..) 
3 1.4.2 Identify physical, underway 4 WNFH NBS 10 Ii 10 10 10 10 10 10 10 ~ .. \0 Ii 

chemical and biological continuing WSRFC• UF Ii Ii 20 Ii 20 8 20 8 20 10 ... _, 
parameters necaesary to LDWF 3 3 Ii Ii 15 

---
.,..,_., 

maintain growth, health, ADNCR 3 3 15 15 15 1.1.1. 
and survival of fish 

rearad under artificial 
conditions 

--- -- -- -- -- -- --
3 1.4.3 ID and test non-genetic 2 4 FF NBS 26 Ii 25 5 .,.... ... 

internal and external FRO-PC• CCC Ii 2 Ii 2 -markers or techniques to GSRMA 4 4 

_ .. 
-1.4.1 

differentiate wild and -hatchery-produced Gulf 
sturgeon 

---
3 4.4 Develop and Implement continuing 4 ES• NBS, 1 5 Ii Ii 1 Ii 15· Ii 1 Ii 

a program to monitor FRO-PC CCC 5 5 Ii Ii Ii Ii 15 15 15 15 
levels and habitat GSRMA 20 20 20 20 20 

conditions of known 
populations in the 

management units as 
well u newly 

discovered, Introduced, 
or expanding populations 

---
3 5.1 Asaesa overaH aucceaa continuing 4 es• 2 2 2 2 2 

of the recovery program 
and recommend action 

-========- -===- --- - --- - - - - -



APPENDIX A
FISHERY MANAGEMENT JURISDICTIONS, LAWS AND POLICIES AFFECTING

THE GULF SWRGEON

~

80

A 

FISHERY MANAGEMENT JURISDICTIONS, LAWS AND POLICIES AFFECTING 
THE GULF S'{URGEON 

:i 
,;$ 

80 



APPENDIX A

FISHERY MANAGEMENT JURISDICTIONS, LAWS AND POLICIES AFFECTING THE
STOCKS:

Gulf sturgeonmay utilize both fresh waterand marinehabitatsat different times of the year.
Excursionsinto theterritorial waters(ExclusiveEconomicZone)of the United Statesmay occur.
This factor in its biology, togetherwith its range, subjectthe subspeciesto the regulatory
jurisdictionsof thefederal governmentas well asthe Statesof Alabama,Louisiana,Mississippi
andFlorida. Numerousstateandfederallegislativeandregulatoryactionsmay affect the stocks.
The following is apartial list of someof the moreimportantagenciesandregulations thataffect
the Gulf sturgeonand its habitat. Stateagenciesshouldbe consultedfor specificandcurrent
state lawsand regulations.

FederalManagement Institutions.Althoughsomerecreationalandsubsistenceharvests
of Gulf sturgeonhaveoccurredat times, the primaryfishery for the sturgeonhasbeen
commercial. BecauseGulf sturgeonfisherieshave occurredprimarily in statewaters,
federal agencieshistorically have not directly managed thestocks; though,the federal
governmenthasmaintainedcommercial fisherylanding records onthe subspeciesfor
about the past100 years. Nonetheless,a variety of federal agencies,throughtheir
administrationof laws, regulationsandpolicies,may influenceGulf sturgeonstocks.

RegionalFishery ManagementCouncils. With the passageof the Magnuson Fishery
Conservation and ManagementAct (MFCMA), the federal governmentassumed
responsibility forfishery managementwithin theExclusive EconomicZone(EEZ). The
EEZ is contiguousto the territorial sea,with an innerboundaryat the outerboundary
of eachcoastalstate. The outer boundary continuesout 200 miles. Managementof the
EI~Z is to be basedon fishery managementplans developedby regional fishery
managementcouncils. Each councilprepares plans,with respectto each fishery
requiringmanagement,within its geographicalareaof authorityandamendssuchplans
as necessary.Plans are implementedas federal regulationthrough the Departmentof
Commerce(DOC).

Among the guidelines, underwhich the councilsmustoperate, arestandardswhich state
that, to the extent practicable, an individualstock of fish shall be managedas a unit
throughoutits rangeandthatmanagementshall, wherepracticable,promote efficiency,
minimize costsand avoidunnecessaryduplication(MFCMA Section301a).

The Gulf of Mexico Fishery ManagementCouncil has not developed, nor is it
considering,a management planfor the Gulf sturgeon. Furthermore,no significant
fishery for the subspeciesexists in the EEZof the U.S. Gulfof Mexico.
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Departmentof Commerce. NationalOceanicandAtmosphericAdministration(NOAA)

.

National Marine FisheriesService. The Secretaryof Commerce,acting through the
NMFS, hastheultimateauthority to approveor disapproveall fishery managementplans
preparedby regionalfishery managementcouncils. Wherea council fails to developa
plan, or to correct in unacceptableplan, the Secretarymay do so. The NMFS also
collects data and statisticson fisheriesand fishermen,performsresearch,andconducts
managementauthorized by internationaltreaties.The NMFS hastheauthorityto enforce
the MagiuisonAct and the LaceyAct and is thefederal trusteefor living andnonliving
natural wirces in coastal and marine areasunderUnited Statesjurisdiction pursuant
to the Emiangered SpeciesAct, Section 107(f) of the ComprehensiveEnvironmental
Respome,Compensation,andLiability Act (CERCLAor “Superfund”), Section31 1(t)(5)
of the Clean WaterAct (CWA), Executive Order 12580 of January23, 1987, and
SubpartG of the NationalOil andHazardousSubstancesPollutionContingencyPlan.

The NMFS exercisesno managementjurisdiction of the Gulf sturgeon, other than
permitting scientific or incidental take under the Endangered SpeciesAct and
enforcement. The NMFS conductssome researchand datacollection programsand
commentson all projectsthataffectmarine fisheryhabitatunder theFish andWildlife
CoordinationAct andSection 10 of theRivers andHarborsAct.

The NMFS hasentered into a CooperativeAgrrementwith theDepartmentof theArmy
to Restoreand CreateFish Habitat. Under thisagreement, theNMFS and the COE
coordinateefforts to identify federal projects that could be modified to enhancefish
habitat. ~J

—

Office ofOcean and Coastal Resource Management (OCRAt). The OCRM assertsits
authority throughthe NationalMarine SanctuariesProgrampursuantto Title Ill of the
Marine Protection, Research, and SanctuariesAct (MPRSA). The OCRM Estuarine
SanctuaryProgramhasdesignatedLooeKey in Monroe County,RookeryBay inCollier
County, the Apalachicola Riverand Bay in Franklin County, Florida,andWeeksBay
in Baldwin County,Alabama,asestuarinesanctuaries.

The OCRM may influence fishery managementfor Gulf sturgeonindirectly through
administrationof the CoastalZone ManagementProgramand by settingstandardsand
approvingfunding for statecoastalzone management programs.Somestatesin theGulf
utilize a portion of thesemoniesin their habitatprotectionand enhancementprograms
including reefmaintenanceand enhancement.

Departmentof the Interior(DOI)

.

National Park Service(NPS). The NPS under theDOI may regulatefishing activities
within national park boundaries. Suchregulationsmay affect Gulf sturgeonwithin
specificparks. The NPShasauthorityto protectfishesand fishhabitatprimarily through
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of Commerce, National Oceanic and Atmomheric .t\dmini§tration <NOAA}. 
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habitat. df.' , • 

- .),_t; 
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Office o/Vcean and Coastal Resource Management (OCRM). The OCRM asserts its 
authority through the National Marine Sanctuaries Program pursuant t<f Title m of the 
Marine Protection, Research, and Sanctuaries Act (MPRSA). The OCRM Estuarine 
Sanctuary Program has designated Looe Key in Monroe County, Rookery Bay in Collier 
County, the Apalachicola River and Bay in Franklin County, Florida, and Weeks Bay 
in Baldwin County, Alabama, as estuarine sanctuaries. 

The OCRM may influence fishery management for Gulf sturgeon indirectly through 
administration of the Coastal Zone Management Program and by setting standards and 
approving funding for state coastal zone management programs. Some states in the Gulf 
utilize a portion of these monies in their habitat protection and enhancement programs 
including reef maintenance and enhancement. 

Department of the Interior (DOI}. 

National Park Service (NPS). The NPS under the DOI may regulate fishing activities 
within national park boundaries. Such regulations may affect Gulf sturgeon within 
specific parks. The NPS bas authority to protect fishes and fish habitat primarily through 
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the establishment of coastal and nearshore national parks and national monuments.
EvergladesNationalParkin Florida andtheMississippi Districtof Gulf.IslandsNational
Seashorearetwo examplesof nationalpark areaswhereGulf sturgeonmay occur.

U.S. FishandWiWl~feService. The authorityof theFWS to affect themanagementof
the Gulf sturgeonis basedprimarily on the EndangeredSpeciesAct and the Fishand
Wildlife CoordinationAct. The FWS is theleadagencyin developing the recoveryplan
for the subspeciesunderthe EndangeredSpeciesAct. Under the Fish andWildlife
CoordinationAct, theFWS, in conjunctionwith the NMFS, reviewsand commentson
proposalsto alter habitat. Dam construction, drainage projects, channelalteration,
wetlandsfilling and marine constructionare projectsthatcanpotentiallyaffecttheGulf
sturgeon. Further,theFWS may seekmitigationof fishery resourceimpairmentdueto
federalwater-relateddevelopment. The FWS hastheresponsibilityto focus efforts on
nationally significant fishery resources. The FWS also facilitates restorationby
rebuilding certain major,economically valuable,anadromous,endangered,threatened,
and interjurisdictional(managedby two or more states)fishery resourcesto full, self-
sustainableproductivity. BecausetheGulf sturgeonis a threatenedandan anadromous
species,the EWS hasconductedstudieson variousaspectsof the subspecies’biology.

Gulf sturgeonoccur in the aquaticportions (riverine, estuarine,marine) of national
wildlife refuges (NWR)suchasPineIslandNWR, IslandBay NWR, Passage KeyNWR,
PinellasNWR, ChassahowitzkaNWR,CedarKeys NWR, Lower SuwanneeNWR, St.
Marks NWR, St. Vincent NWR, Florida, Bon SecourNWR, Alabama,Bogue Chitto
NWR, LouisianaandMississippi,andDelta NWR, BretonIsland NWR, BayouSauvage
NWR, LacassineNWR, Louisiana. Fish and wildlife p6p~k1~tions and their harvest
within refugesareusually managedby the respectivestate~~whichthe refugeis located.
Specialusepermits are requiredfir commercial fishing onnational wildlife refuges.

National Biological Service. TheNationalBiological Service(NBS) is the Department
of Interior’snewest bureau.The NBS wascreatedNovember11, 1993,by consolidating
the biological research,inventory, monitoring,and information transferprogramsof
sevenInteriorbureaus:FWS, NPS,MMS, USGS,Bureauof Land Management,Bureau
of Reclaimation,and Office of SurfaceMining. The Southeastern BiologicalService
Center(Center),Gainesville,Florida, of NBS wasformerly a researchcenterfor FWS.
The Centerhasconductedresearchon Gulf sturgeonsince1987 and will continuework
in this areaas requestedby FWS andotheragencies.

Environmental ProtectionAgency. The EPA, throughits administrationof the Clean
WaterAct, National PollutantDischargeElimination System(NPDES), may provide
protectionto Gulf sturgeonhabitat. Applicationsfor pennitsto discharge pollutantsmay
be disapprovedor conditionedto protect freshandestuarineaquatic resources.
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establishment of coastal and nearshore national parks and national monuments. 
Everglades National Parle in Florida and the Mississippi District of Gulf• Islands National 
Seashore are two examples of national part ueas where Gulf sturgeon may occur. 

U.S. Fish and Wildllfe Service. The authority of the FWS to affect the management of 
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Wildlife Coordination Act. The FWS is the lead agency in developing the recovery plan 
for the subspecies under the Endangered Species Act. Under the Fish and Wildlife 
Coordination Act, the FWS, in conjunction with the NMFS, reviews and comments on 
proposals to alter habitat. Dam construction, drainage projects, channel alteration, 
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sturgeon. Further, the FWS may seek mitigation of fishery:·reiource impairment due to 
federal water-related development. The FWS has the responsibility to focus efforts on 
nationally significant fishery resources. The FWS also facilitates restoration by 
rebuilding certain major, economically valuable, anadromous, endangered, threatened, 
and interjurisdictional (managed by two or more states) fishery resources to full, self
sustainable productivity. Because the Gulf sturgeon is a threatened and an anadromous 
species, the FWS bas conducted studies on various aspects of the subspecies• biology. 

Gulf sturgeon occur in the aquatic portions (riverine, estuarine, marine) of national 
wildlife refuges (NWR) such as Pine Island NWR, Island Bay NWR, Passage Key NWR, 
Pinellas NWR. Cbassahowitzka NWR,Cedar Keys NWR, Lower Suwannee NWR, St. 
Marks NWR, St. Vincent NWR, Florida, Bon Secour NWR, ·~abama, Bogue Chitto 
NWR, Louisiana and Mississippi, and Delta NWR, Breton Island NWR, Bayou Sauvage 
NWR, Lacassine NWR, Louisiana. Fish and wildlife pdpufations and their harvest 
within refuges are usually managed by the respective state1which the refuge is located. 
Special use permits are requiry:d fur commercial fishing on national wildlife refuges . 
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National Biological Service. The National Biological Service (NBS) is the Department 
of Interior's newest bureau. The NBS was created November 11, 1993, by consolidating 
the biological research, inventory. monitoring, and infonnation transfer programs of 
seven Interior bureaus: FWS, NPS, MMS, USGS, Bureau of Land Management, Bureau 
of Reclaimation, and Office of Surface Mining. The Southeastern Biological Service 
Center (Center), Gainesville, Florida, of NBS was formerly a research center for FWS. 
The Center bas conducted research on Gulf sturgeon since 1987 and will continue work 
in this area as requested by FWS and other agencies. 

Environmental Protection Agency. The EPA, through its administration of the Clean 
Water Act, National Pollutant Discharge Elimination System (NPDES), may provide 
protection to Gulf sturgeon habitat. Applications for permits to discharge pollutants may 
be disapproved or conditioned to protect fresh and estuarine aquatic resources. 
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U.S. Departmentof the Army. Corps of Engineers. Gulf sturgeonhabitat maybe
influencedby the COE’s regulatory responsibilitiespursuantto the Section404 of the
CleanWaterAct andSection10 of theRivers andHarborsAct. Undertheselaws, the
COE may authorize proposalsto dredge, fill and construct in navigable waters(Section
10) or to dischargedredgedor fill material into wetlandareasand watersof theUnited
States(Section 404). Such proposalscould affectGulf sturgeonhabitat. The COE is
alsoresponsible forplanning,constructionand maintenanceofdams, navigationchannels
andotherprojects thatmay affectGulf sturgeonhabitat.

Treaties and Other International Agreqnents. There are no treatiesor other.
internationa~agreementsthataffect theGulf sturgeon. No foreignfishing applicationt
for Gulf stuijeonharvesthave been submittedto the United Statesgovernment.

FederalLaws, RegulationsandPolicies. The following Federallaws, regulationsand
policies maydirectly andindirectly influencethe habitat,populationsandultimately the
managementof the Gulf sturgeon.

AnadromousFish ConservationAct (AFCA). The AFCA authorizestheSecretaryof the
Interiorto initiate cooperativeprogramswith the statesto conserve,developandenhance
the nation’s anadromousfisheries. The Act authorizesconstruction, installation,
maintenanceand operationof structuresto improveor facilitate feeding,spawningand
free migrationof anadromousfish. -

Coastal ZqneManagementAct and EstMa~neAreasAct. Congresspassed policyon
values of ~tuarie&and coastal areas,thr~igh these Acts. Comprehensive planning
programst~becarried ojit at the state~ey4,wereestablishedto enhance,protect,and
utilize coastal resources. Federalactivities must comply with the individual state
programs. Habitat may be protectedby planningand regulatingdevelopmentdamage
to sensitivecoastalhabitats.

ComprehensiveEnvironmentalResponse,Compensation,and Liability Act of 1980
(CERCLA). This act is alsoreferredto asthe “Superfund”. It canprovidefunding for
“clean-up” of importanthabitat areasaffectedby oil spills or otherdistinct pollution
dischargeevents.

EndangeredSpeciesAct (ESA). The ESAprovidesfor theprotectionof habitatnecessary
for the continued existenceof species listedas threatenedor endangered.Section7 of
the ESA requiresconsultationwith the FWSor NMFS by a federal agencyif an action
authorized,fundedorcarriedout by suchagencymayaffecta listed speciesor its critical
habitat (a legal, area-specific designation).Section7 also prohibits any federalaction
that would jeopardizethecontinuedexistenceof a listed speciesor its critical habitat.
Section9 oftheESA prohibitsanypersonorentity from “taking” a listed specieswithout
a proper permit from the FWS or NMFS. Under the ESA, taking may include
harassmentor habitatdegradationif such wouldinterferewith feeding, reproductionor
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Department of the Army. Corps of Epgmeers. Gulf sturgeon habitat may be 
influenced by the COE's regulatory responsibilities~ to the Section 404 of the 
Clean Water Act and Section 10 of the Rivers and Harbors Act. Under these laws, the 
COE may authorize proposals to dredge, fill and comtruct in navigable waters (Section 
10) or to discharge dredged or fill material into wetland areas and waters of the United 
States (Section 404). Such proposals could affect Gulf sturgeon habitat. The COE is 
also responsible for planning, construction and maintenance of dams, navigatiot, channel~ 
and other projects that may affect Gulf sturgeon habitat. 

Treaties and< .Other International ~ There are no treaties or otbel;'.· 
intemational).agreen,.ents that affect the G~!(Jturgeon. No foreign fishing applications,': 
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Federal Laws, Regulations and Policies. The following Federal laws, regulations and 
policies may directly and indirectly influence the habitat, populations and ultimately the 
management of the Gulf sturgeon. 

Anadromous Fish Conservation Act (AFCA). The AFCA authorizes the Secretary of the 
Interior to initiate cooperative programs with the states to conserve, develop and enhance 
the nation's anadromous fisheries. Toe Act authorizes construction, installation, 
maintenance and operation of structures to improve or facilitate feeding, spawning and 
free migration of anadromous fish. ; ;; 

Coastal 'Zo!l'1 ~gement Act and ~ Areas Act. Congress passed policy on 
values of "'1Wie&. ~ coastal ~ .~~ these Acts. Comprehensive planning 
programs t,,~ carried out at the state le,y~ were established to enhance, protect, and 
utilize coaslal resources. Federal activities must comply with the individual state 
programs. Habitat may be protected by planning and regulating development damage 
to sensitive coastal habitats. 

Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
(CERCLA). This act is also referred to as the "Superfund". It can provide funding for 
"clean-up" of important habitat areas affected by oil spills or other distinct pollution 
discharge events. 

Endangered Species Act (ESA). The ESA provides for the protection of habitat necessary 
for the continued existence of species listed as threatened or endangered. Section 7 of 
the ESA requires consultation with the FWS or NMFS by a federal agency if an action 
authorized, funded or carried out by such agency may affect a listed species or its critical 
habitat (a legal, area-specific designation). Section 7 also prohibits any federal action 
that would jeopardize the continued existence of a listed species or its critical habitat. 
Section 9 of the ESA prohibits any person or entity from "taking" a listed species without 
a proper permit from the FWS or NMFS. Under the ESA, taking may include 
harassment or habitat degradation if such would interfere with feeding, reproduction or 
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otheressentiallife functions. The ESA also retpiires preparation of a recovery plan for
eachlisted speciesoutlining actionsneededto allow theparticular spei~iesto reacha
populationlevel at which it maybe delisted.

Federal Power Act (FPA). The FPA regulates theconstructionand operation of
hydroelectricpower plantsthrougha systemof licensesandpermitsissuedby thefederal
Energy RegulatoryCommission(FERC) (formerly FederalPowerCommission). The
FWS, NMFS, state agenciesand othersmay review proposedlicensesand make
recommendationswith respectto the needsof instreamflow for fish and wildlife
downstreamof damsaswell asthe impactsthatreservoirestablishmentmayhaveon fish
ai4 wildlife upstreamof the dams. The Act also provides fqr construction of fish
passage facilitiesduring dam or diversionconstruction. Dams a~p likely major factors
affrcting anadromousfish populationsin someGulf streams.

FederalWater Pollution Control Act (FWPCA). Also called the “Clean WaterAct”, the
FWPCA providesfor the protectionof waterquality at thefederal level. The law also
provides for assessmentof injury, destruction,or loss of natural resourcescausedby
dischargeof pollutants.

Ofmajor significanceis Section404of the CleanWater Act(CWA), whichprohibits the
dischargeof dredgedor fill material into navigablewaterswithout a permit. Navigable
watersaredefinedunder the CWAto include all watersof theUnited States,including
the territorial seas and wetlands adjacentto suchwaters. The permit program is
administeredby the COE. The EnvironmentalProtectionAgency (EPA) may approve

--- ~efegationofSection404 permit authority for certain waters(not inclu4ing traditional
na~’igablewaters)to a stateagency;however,it retainstheauthqi~ty~toprohibit or deny
a froposeddischargeunder Section 404(c) of the CWA. Repentattemptsto revise
Seotion404or changethelegal definitionof wetlands mayaffecttheutility of the CWA
in wetlandsprotection. Although of limited applicability to anadromousfish restoration,
Section 404 may be important in protecting certaintypes of coastal habitatsor in
protectingwaterquality in certainstreams. It may alsobe a considerationin approval
of certaintypesof restorationprojects.

The FWPCAalso authorizedprogramsto removeor limit the entry of varioustypesof
pollutantsinto the nation’swaters. Apoint source permitsystemwasestablishedby the
EPA and is now being administeredat the statelevel in most states. Thissystem,
referred to as the National PollutantDischarge Elimination System(NPDES), sets
specific limitson dischargeof varioustypesof pollutants frompoint sourceoutfalls. A
non-point sourcecontrol program focusesprimarily on the reductionof agricultural
siltationandchemical pollutionresultingfrom rain runoff into the nation’s streams.This
control effort currently relieson theuseof landmanagementpracticesto reducesurface
runoff throughprogramsadministeredprimarily by the Departmentof Agriculture.
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Federal Water Pollution Control Act (FWPCA). Also called the "Clean Water Act", the 
FWPCA provides for the protection of water quality at the federal level. The law also 
provides for assessment of injury, destruction, or loss of natural resources caused by 
discharge of pollutants. 

Of major significance is Section 404 of the Clean Water Act (CW A), which prohibits the 
discharge of dredged or fill material into navigable waters without a permit. Navigable 
waters are defined under the CW A to include all waters of the United States, including 
the territorial seas and wetlands adjacent to such waters. The permit, program is 
administered by the COE. The Environmental Protection Agency (EPA) may approve 
4-efegation of Section 404 permit authority for certain waters (not incb.1~ traditional 
~gable waters) to a state agency; however, it retains the authqaty,.to-probibit or deny 
a proposed discharge 1.1:nder Section 404(c) of the CWA. R~ attempts .to revise 
Section 404 or change the legal definition of wetlands may affect the utility of the CW A 
in wetlands protection. Although of limited applicability to anadromous fish restoration, 
Section 404 may be important in protecting certain types of coastal habitats or in 
protecting water quality in certain streams. It may also be a consideration in approval 
of certain types of restoration projects. 

The FWPCA also authorized programs to remove or limit the entry of various types of 
pollutants into the nation's waters. A point source permit system was established by the 
EPA and is now being administered at the state level in most states. This system, 
referred to as the National Pollutant Discharge Elimination System (NPDF.S), sets 
specific limits on discharge of various types of pollutants from point source outfalls. A 
non-point source control program focuses primarily on the reduction of agricultural 
siltation and chemical pollution resulting from rain runoff into the nation's streams. This 
control effort currently relies on the use of land management practices to reduce surface 
runoff through programs administered primarily by the Department of Agriculture. 
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Both chemical contaminationand siltationmaybe major factors limiting populationsof
anadromousGulf fish species. Efforts to achieveanadromousfish restorationin k~ey
river drainagesshouldbe aimedat assuringcompliancewith establishedpoint and non-
point source reductionprogramsin thesebasins.

FederalWaterProjectRecreationAct. This Act requires thatconsiderationbe givento
fish andwildlife enhancementin federalwater projects.

Fish and Wildlife Act of19S6. This act providesassistanceto statesin the form of law
enforcementtraining andcooperativelaw enforcement agreements.It also~llowsfor
disposal of property abandonedor forfeited m conjunction with convictions. Some
equipmentmaybe transferredto states. The act prohibits airbornehuntingand fishing
activities.

Fish and Wildlife CoordinationAct (FWCA). The Fish and Wildlife CoordinationAct
(FWCA) is theprimarylawprovidingfor considerationoffish andwildlife habitatvalues
in conjunctionwith federalwaterdevelopmentactivities. Underthis law theSecretaries
of Interiorand Commercemay investigate,reportandadviseon theeffectsfederalwater
development projectsmay have on fish and wildlife habitat. Such reports and
recommendations,which require concurrenceof the state(s) involved, mustaccompany
the construction agency’s request for congressionalauthorization, although, the
constructionagencyis not boundby the recommendations. Constructionagencies may
transferfunds to the FWS or NMFS to investigateand reporton specificprojects.

The FWCA alsoappliesto water-relatedaotivitie& proposedby other orga~izationsor
individuals if those activitiesrequirea federalpermitor license. The FW~S~ndNMFS
may review the proposed permitaction and recommendto the permitting~genciesto
avoid or mitigate any potentialadverseeffectson fish andwildlife habitat.

Fish Restorationand ManagementProjectsAct of 1950. Under this act,the DOI is
authorizedto provide funds to state fish and game agenciesfor fish restorationand
managementprojects. Fundsfor protectionof threatenedfish communitiesthat are
locatedwithin statewaterscouldbe madeavailable under theact.

Foodand AgricultureAct of 1962. This Act establisheda ResourceConservationand
DevelopmentProgramfor regionally-sponsoredflood control anddrainageprojectsthat
receivefinancial and technicalassistancefrom the Soil ConservationService. Though
not as activea programasit oncewas, activitiesunderthis programmayhaverelevance,
both positive and negative, to anadromousfish habitat protection, restoration or
enhancement.

LaceyAct of1981, asamended. The Lacey Actprohibits import, export and interstate
transport of illegally-taken fish and wildlife. As such, the Act provides for federal
prosecution forviolations of state fish and wildlife laws. The potential for federal
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river drainages should be aimed at assuring compliance with established point and non
point source reduction programs in these basins . 

... 
Federal Water Project Recreation Act. This Act requires that consideration be given to 
fish and wildlife enhancement in federal water projects. 

Fish and Wildlife Act of 1956. This act provides assistance to states in the form of law 
enforcement training and cooperative law enfercement agreements. It alsq !1)ows for 
disposal of property abandoned or forfeited> in conjunction with convictiQ~- Some 
equipment may be transferred to states. The act prohibits airborne hunting_ a)ild fishing 
activities. 

Fish and Wildlife Coordination Act (FWCA). The Fish and Wildlife Coordination Act 
(FWCA) is the primary law providing for consideration of fish and wildlife habitat values 
in conjunction with federal water development activities. Under this law the Secretaries 
of Interior and Commerce may investigate, report and advise on the effects federal water 
development projects may have on fish and wildlife habitat. Such reports and 
recommendations, which require concurrence of the state(s) involved, must accompany 
the construction agency's request for congressional authorization, although, the 
construction agency is not bound by the recommendations. Construction agencies may 
transfer funds to the FWS or NMFS to investigate and report on specific projects. 

'.' ,.-
The FWCA also applies to water-related adivities. proposed by other or~tions or 
individuals if those activities require a fedcm permit or license. The FWfi -~ NMFS 
may review the proposed permit action a1id recommend to the permitting,~gencies to 
avoid or mitigate any potential adverse effects on fish and wildlife habitat. 

Fish Restoration and Management Projects Act of 1950. Under this act, the DOI is 
authorized to provide funds to state fish and game agencies for fish restoration and 
management projects. Funds for protection of threatened fish communities that are 
located within state waters could be made available under the act. 

Food and Agriculture Act of 1962. This Act established a Resource Conservation and 
Development Program for regionally-sponsored flood control and drainage projects that 
receive financial and technical assistance from the Soil Conservation Service. Though 
not as active a program as it once was, activities under this program may have relevance, 
both positive and negative, to anadromous fish habitat protection, restoration or 
enhancement. 

Lacey Act of 1981, as amended. The Lacey Act prohibits import, export and interstate 
transport of illegally-taken fish and wildlife. As such, the Act provides for federal 
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convictionsunder this Act, with its more stringent penalties,has probably reduced
interstatetransportof illegally-possessedGulf sturgeon.

MagnusonFishely Conservationand ManagementAct. This Act provides for the
conservationof habitats throughout theranges of anadromous specieswithin the
Exclusive Economic Zone(EEZ). It mandatesthe preparationof fishery management
plans forimportantfishery resourcesandsetsnationalstandardsto bemetby suchplans.
Eachplan attempts to define, establishand maintain the optimumyield for a given
fishery.

Marine Plastic Researchand Cofltrol Act of 1987and MARPOL Annex V. MARPOL
Anne~ V is a productof the InternationalConvention for thePreventionof Pollution
from Ships, 1973/78. Regulatioi~sunderthis Act prohibit oceandischargeof plastics
from ships; restrict dischargeof other typesof floating ship’s garbage (packagingand
dunnage)for up to 25 nautical miles from any land; restrictdischargeof victual and
other recomposablewasteup to 12 nautical miles from land; and require ports and
terminalsto providegarbagereceptionfacilities. The MPRCA of 1987 and 33 CER,
Part 151, SubpartA, implementMARPOL V in the United States.

MarineProtection,ResearchandSanctuariesActof1972 (MPRSA),TitlesI andIII and
the Shore ProtectionAct of 1988 (SPA). The MPRSA protectsfish habitat through
establishmentand maintenanceof marine sanctuaries. This Act and the SPA regulate
ocean transportationand dumping of dredgedmaterials, sewage sludge andother
materials. Criteria for issuing permitsinclude considering theeffects dumpinghason
themarineenvironment,ecologicalsystemsand fisheriesresources.Permitsare issued
1~y- ~ Corp.of Engineers. -

National EnvironmentalPolicy A~t (NEPA). The NEPA requiresan environmental
review processof all federalactions. This includespreparationof an environmental
impact statementfor major federal actionsthat may affect thequality of the human
environment.Less rigorousenvironmental assessmentsare reviewed for most other
actions while someactions are categorically excluded from formal review. These
reviewsprovidean opportunityfor the agencyand the public to comment, onprojects
thatmay impactfish and wildlife habitat.

Oil Pollution Act. This Act providesa degreeof protectionto coastalfisheries habitat
by regulating dischargeof oil from United Statesregistryships. UndertheAct, tankers
cannot dischargeoil within 50 nautical miles of land, andother shipsmustdischargeas
far aspracticablefrom land.

Outer ContinentalShelf (OCS) LandsAct Amendmentsof 1979. TheseAmendments
provide for assessmentsof the effects oil and gas exploration, developmentand
productionhave onbiological resources.The law alsoprovidesachannel forcomments
on federalapprovalof leasingOCSareasfor explorationanddevelopment. Oil and gas
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under this Act, with its more stringent penalties, has probably reduced 
interstate transport of illegally-possessed Gulf sturgeon. 

Magnuson Fishery Conservation and Management Act. This Act provides for the 
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from Ships, 1973/78. Regulatioris under this Act prohibit ocean discharge of plastics 
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dunnage) for up to 25 nautical miles from any land; restrict discharge of victual and 
other recomposable waste up to 12 nautical miles from land; and require ports and 
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Marine Protection, Research and Sanctuaries Act of 1972 (MPRSA), Titles I and III and 
the Shore Protection Act of 1988 (SPA). The MPRSA protects fish habitat through 
establishment and maintenance of marine sanctuaries. This Act and the SP A regulate 
ocean transportation and dumping of dredged materials, sewage sludge and other 
materials. Criteria for issuing permits include considering the effects dumping has on 
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National Environmental Policy''-Aet (NEPA). The NEPA requires an environmental 
review process of all federal actions. This includes preparation of an environmental 
impact statement for major federal actions that may affect the quality of the human 
environment. Less rigorous environmental assessments are reviewed for most other 
actions while some actions are categorically excluded from formal review. These 
reviews provide an opportunity for the agency and the public to comment, on projects 
that may impact fish and wildlife habitat. 

Oil Pollution Act. This Act provides a degree of protection to coastal fisheries habitat 
by regulating discharge of oil from United States registry ships. Under the Act, tankers 
cannot discharge oil within 50 nautical miles of land, and other ships must discharge as 
far as practicable from land. 

Outer Continental Shelf (OCS) Lcznds Act Amendments of 1979. These Amendments 
provide for assessments of the effects oil and gas exploration, development and 
production have on biological resources. The law also provides a channel for comments 
on federal approval of leasing OCS areas for exploration and development. Oil and gas 
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leasingactivities couldbe of concern forcoastalanadromousfish habitat andoffshore
winter habitatof the Gulf sturgeon.

RiverandHarbor Actof 1899. Section10 of theRiverandHarborAct requiresapermit
from the U.S. Army Corpsof Engineers(COE) top~ structuresin navigable waters
of the United Statesor modify a navigablestreamby excavationor filling activities.

WaterResourcesDevelopmentActs(WRDA). TheselegislativeactionsauthorizetheCOE
to study and/orconstructindividual water resource projects.Prior to 1974 suchacts
wereknownasthe “Flood Control Act of (year)”, the “River andHarborAct of (year)”
or comniotll~r called the “Omnibus Bill.” Beginning in 1974 these laws have been
referredtd~the “WRDA of (year)”. Numerousprojectsmaybeauthorizedunderthese
Acts in a~iven year. Under the FWCA, “Wildlife conservationshall receiveequal
considerationand be coordinatedwith other featuresof water-resourcedevelopment
programs.. .“ and the FWS,NMFS and statefish andwildlife agencies mayreview,
commentandmake recommendationsto the COE regardingtheseprojects’ impactson
fish andwildlife resources. Thesecomments mayaddressthe avoidance,mitigation or
compensation forhabitatdamages.

Of particularrelevanceto anadromousfish habitat restorationor enhancementis the
WRDA of 1986. This Act authorized theCOE to study and constructenvironmental
enhancement projectsin conjunctionwith existing federalwaterprojects.

-‘I -, --
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consideratibn and be coordinated with other features of water-resource development 

programs . . . " and the FWS, NMFS and state fish and wildlife agencies may review, 
comment and make recommendations to the COE regarding these projects• impacts on 

fish and wildlife resources. These comments may address the avoidance, mitigation or 

compensation for habitat damages. 

Of particular relevance to anadromous fish habitat restoration or enhancement is the 
WRDA of 1986. This Act authorized the COE to study and construct environmental 
enhancement projects in conjunction with existing federal water projects. 
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STATE MANAGEMENT INSTITUTIONS, LAWS, REGULATIONS AND
POLICIES.

Statemanagementinstitutions, lawsandregulations for theGulf sturgeonarerelatively
consistentamongthe four Gulf Stateswithin the species’range. Each statedelegates
substantial authorityto its administrative agencies forestablishing management
regulations. Brief narrativedescriptionsarepresented belowfor each stateinstitution.
Important statelaws, regulationsandpolicies arealsosummarized. To the greatest
extent possible,theserequirements arecurrentto the date of publication.

,d;
4

FLORIDA
V

AdministrativeOrganization.

Florida MarineFisheriesCommission
2540 Executive Center CircleWest,Suite 106
Tallahassee,FL 32301
Telephone: (904) 487-0554

The Florida Marine FisheriesCommission,a seven-memberboard appointed bythe
governorandconfirmedby the senate,was createdby the Florida legislaturein 1983.
This commissionwasdelegatedrule-makingauthorityover marinelife in the following
areasof concern: gearspecification;prohibitedgear;baglimits; sizelimits; speciesthat
maynot be sold; protectedspecies;closedareas;seasons;quality~controlcodeswith the
exceptionof specific exemptiolls fQr shellfish; and special ciw~iderationsrelating to
oyster andclam relaying. All rulespassedby the commission requireapprovalby the
-governorandcabinet. Thecommissiondoesnothaveauthorityo1~erendangeredspecies,
licensefees, penaltyprovisionsor overregulationof fishing gearin residentialsaltwater
canals.

FloridaDepartmentof EnvironmentalProtection(FDEP)
Division of Marine Resources
3900CommonwealthBoulevard
Tallahassee,Florida 32303
Telephone: (904) 488-6058

This agency is charged with the administration, supervision, development and
conservationof marinenaturalresourcesin Florida. The FloridaDepartmentof Natural
Resourceswasthepredecessormarine resources agencyuntil its mergerwith theFlorida
Departmentof Environmental RegulationJuly 1, 1993. The agencyis headedby the
Governor andCabinet. The governorandcabinetserveastheseven-memberboardthat
approvesor disapprovesall rules and regulationspromulgated bythe FDEP. The
administrativeheadof the FDEPis the DepartmentSecretary. Within the FDEPthe
DivisionofMarineResources,throughSection370.02(2),FloridaStatutes,is empowered
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The Florida Marine Fisheries Commission, a seven-member board appointed by the 
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to conductresearch directedtoward managementof marineandanadromousfisheriesin
the interestof all peopleof Florida. The Division of Law Enforcementis responsible
for enforcementof all marineresource relatedlaws andall rulesand regulationsof the
department. The Divisionof MarineResourceshasthe responsibilityof overseeingthe
managementand researchefforts on the Gulf sturgeonincluding issuanceof collecting
permits for the subspecies.

Florida GameandFreshWaterFish Commission.
Division of Wildlife
620 South M~rdian Street
Tallahassee,~Florida32399
Contact:Mrj Don A. Wood, EndangeredSpeciesCoordinator
Telephone~(904) 488-3831

This agency is charged with the administration, supervision, development and
conservationof wildlife and fresh water aquatic life in Florida. The FGFC is a
constitutionally autonomousagencyandis overseenby agovernorappointedfive-member
board. The administrativeheadof the FGFC is the executivedirector. Within the
FGFC the Division of Wildlife Resources,in accordance withthe FloridaEndangered
andThreatenedSpeciesAct of 1977,Section372.072,FloridaStatutes,and theWildlife
Codeof the Stateof Florida, Title 39, FloridaAdministrative Code,Article IV, Sec. 9,
Florida Constitution, is responsiblefor researchand managementof listed freshwater
and uplandspecies. Theseefforts include~theadministrativedesignationof all wildlife
species(including marine and estuarineSpecies),issuanceof collection permits, and
varioustypesof researchof listed uplai*andfreshwateraquaticwildlife species. The
Gulf sturg’e~was listed as aspeciesof~*cial concernby the FGFC in 1987.

I- I

Floridaha~llkbitat protectionandpermittingprogramsanda federally-approvedCoastal
Zone Management (CZM) program.

LegislativeAuthorization. Chapter370 of the FloridaStatutesAnnotated containslaw
regulating coastalfisheries. The legislature passesstatutesfor the managementof
fisheries resourcesas well as specific laws which are applicable within individual
counties.

ReciprocalAgreement and LimitedEntry Provisions. Not applicable,sinceany takeof
Gulf sturgeonis illegal in Florida.

CommercialLandingsData Reporting Requirements.Not applicablesinceall take of
Gulf sturgeonis illegal in Florida.

Penaltiesfor Violations. Penaltiesfor violations of Florida statutesand regulationsare
prescribedin Section 370.021, Florida Statutes. Upon thearrestand conviction for
violation of any of the regulationsor laws, the licenseholdershall showjust causewhy
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his saltwaterlicenseshouldnot be suspendedor revoked.

AnnualLicenseFees. Not applicable,sinceall takeofGulf sturgeonis illegal in Florida.

LawsandRegulations. It is illegal to takeAcapenser oxyrinchusby anymeansstatewide
accordingto Rule No. 46-15.01 (1984)of the FloridaMarine Fisheries Commission.
(Most federal andstateagencieshaveusedthe specificnameA. oxyrinciwsinsteadofthe
subspeciflc nameA. o. desotoi.

(1 t-

AdministrativeOrganization.

AlabamaDepartmentof ConservationandNaturalResources (ADCNR)
AlabamaMarine ResourcesDivision (AMRD)
P.O. Box 189
DauphinIsland, Alabama 36528
Telephone: (205) 861-2882

Managementauthorityof fishery resourcesin Alabamais held by the Commissionerof
the Departmentof Conservationand Natural Resources. The Commissionermay
promulgaterulesor regulationsdesignedfor theprotection,propagationandconservation
of all seafood. Hemayprescribethe mannerof taking, timesWhen fishing may occur
and designateareaswherefish may or may not be caught; however, allregulations are
Ito be directedtowardthebestinterestof the seafoodindustry.S

Most regulationsarepromulgatedthrough theAdministrativeProceduresAct approved
by the Alabama Legislaturein 1983; however,baglimits andseasonsarenot subjectto
this Act. The Administrative ProceduresAct outlines a series of events that must
precede theenactmentof any regulationsother than thoseof an emergencynature.
Among thisseriesof eventsare(a) the advertisementof the intentoftheregulation,(b) a
publichearingfor the regulation,(c) a35-day waitingperiodfollowing the pubichearing
to addresscomments fromthe hearingand(d) a final review of theregulationby a joint
houseandsenate reviewcommittee.

Alabamaalsohas the AlabamaConservationAdvisory Board (ACAB) that is endowed
with the responsibilityto provideadviceon policiesof theADCNR. The boardconsists
of the governor, the ADCNR commissionerand tenboardmembers.

The AMRD has responsibility forenforcing state lawsand regulations,for conducting
marine biologicalresearchandfor servingastheadministrativearm of the commissioner
with respect to marine resources. The division recommendsregulations to the
commissioner.
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Alabamahasa habitat protection andpermitting programanda federallyapprovedCZM
program.

LegislativeAuthorization. Chapters2 and 12 of Title 9, Code of Alabama, contain
statutesthat concernmarine fisheries.

ReciprocalAgreementandLimitedEntry Provisions. Not applicable sinceall take of
Gulf sturgeonis illegal in Alabama.

CommercialLandings DataReportingRequirements.Not applicablesinceall take of
Gulf sturgeonis illegal in Alabama.

Penaltiesfor Violations. Take of Gulf sturgeonis illegal in Alabama, any take is
considereda ClassC misdemeanorand punishableby fines up to $500.00and three
monthsin jail.

Annual LicenseFees. Not applicable since all take of Gulf sturgeonis illegal in
Alabama.

Laws and Regulations. It is currently illegal to takeGulf sturgeonin freshwateror
coastal waters in Alabama. Alabama has no official State list of threatenedand
endangeredspecies. Acipenseroxyrinchus is considereda threatenedspeciesby the
Symposiumon Endangeredand ThreatenedPlants andAnimals of Alabama(Boshung
1976).

4-.-,-

MISSISSIPPI -

‘I

Administrative Organization.

MississippiDepartmentof Wildlife, FisheriesandParks(MDWFP)
Bureauof MarineResources(BMR)
2620BeachBoulevard
Biloxi, Mississippi 39531
Telephone: (601) 385-5860

The MDWFP administerscoastalfisheriesand habitat protectionprogramsthrough the
BMR. Authority to promulgateregulationsandpolicies is vestedin the Mississippi
Commissionon Wildlife, FisheriesandParks,the controllingbodyof theMDWFP. The
commissionconsistsof five membersappointedby the governor. The commissionhas
full power to “manage, control, superviseand direct any matters pertainingto all
saltwateraquatic life not otherwise delegatedto anotheragency” (MississippiCode
Annotated49-15-11).
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Legislative Authorization. Chapters 2 and 12 of Title 9, Code of Alabama, contain 
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Reciprocal Agreement and Limited Entry Provisions. Not applicable since all take of 
Gulf sturgeon is illegal in Alabama. 

Commercial Landings Data Reponing Requirements. Not applicable since all take of 
Gulf sturgeon is illegal in Alabama. 

Penalties for Violations. Take of Gulf sturgeon is illegal in Alabama, any take is 
considered a Cl~ C misdemeanor and punishable by fines up to $500.00 and three 
months in jail. 

Annual License Fees. Not applicable since all take of Gulf sturgeon is illegal in 
Alabama. 

Laws and Regulations. It is currently illegal to take Gulf sturgeon in freshwater or 
coastal waters in Alabama. Alabama bas no official State list of threatened and 
endangered species. Acipenser oxyrinchus is considered a threatened species by the 
Symposium on Endangered and Threatened Plants and Animals of Alabama (Boshung 
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Administrative Organization. 

Mississippi Department of Wildlife, Fisheries and Parks (MDWFP) 
Bureau of Marine Resources (BMR) 
2620 Beach Boulevard 
Biloxi, Mississippi 39531 
Telephone: (601) 385-5860 

The MDWFP administers coastal fisheries and habitat protection programs through the 
BMR. Authority to promulgate regulations and policies is vested in the Mississippi 
Commission on Wildlife, Fisheries and Parks, the controlling body of the MDWFP. The 
commission consists of five members appointed by the governor. The commission has 
full power to "manage, control, supervise and direct any matters pertaining to all 
saltwater aquatic life not otherwise delegated to another agency" (Mississippi Code 
Annotated 49-15-11). 
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Mississippihasa habitatprotection andpermitting programanda federally approved
CZM program.

LegislativeAuthority. Chapter 49-15of the Mississippi Code of 1972 (Annotated)
contains provisions for themanagementof marinefisheriesresources.

ReciprocalAgreement andLimitedEntryProvisions. Not applicable sinceit is illegal to
takeGulf sturgeonanywherein the Stateof Mississippi.

CommercialLandingsData ReportingRequirements.Not applicablesinceit is illegal to
takeGulf sturgeonanywherein the Stateof Mississippi.

Penaltiesfor Violations. Any person,firm orcorporationviolating anyofthe provisions
of Chapter49-15 or any ordinanceduly adoptedby the commission,unlessotherwise
specifically provided forherein, shall, on conviction, be finednot less than $100, nor
more than $500, for thefirst offense, unlessthe first offense is committedduring a
closedseason,in which casethe fine shallbe not less than$500, nor morethan$1,000;
and notlessthan$500, normore than $1,000,for thesecond offensewhensuchoffense
is committedwithin a period of 3 yearsfrom the first offense;and notless than$2,000
nor morethan $4,000,or imprisonmentin the countyjail for a period notexceeding 30
daysfor anythird or subsequentoffensewhensuchoffenseis committedwithin aperiod
of 3 yearsfrom the first offenseandalsoupon convictionof suchthird or subsequent
offense,it shallbe theduty of thecourt to revokethe licenseof theconvictedpartyand
of theboator vesselusedin suchoffense,andno further license shall beissuedto such
personor for saidboatto engagein catchingor taking of any seafoodsfrom thewaters
of the Stateof Mississippi for a period of 1 year following such conviction. Further,
uponconvictionof suchthird or subsequentoffensecommittedwithin a periodof 3 years
from the first offense,it shallalsobe theduty of thecourt to order theforfeiture of any
equipmentor netsusedin suchoffense. Provided, however,thatequipmentasusedin
this sectionshall not meanboatsor vessels. Any personconvictedandsentencedunder
this sectionshallnotbe consideredfor suspensionor other reductionof sentence.Except
asprovided undersubsectionS of Section49-15-45,anyfinescollectedunderthis section
shall bepaid to the MississippiCommission onWildlife, FisheriesandParksto be paid
into the Seafood Fund.

Annual LicenseFees. Not applicablesinceit is illegal to take Gulf sturgeonanywhere
in the Stateof Mississippi.

Laws andRegulations. Acipenseroxyrinchuswaslisted asan endangeredspeciesby the
MississippiGameandFishCommissionandtheRareandEndangeredSpeciesCommittee
(1975) and is protectedby law. The subspeciesis also listed as endangeredby the
MississippiNatural HeritageProgram, 1977, and asa Special Animal Speciesby the
MississippiParksCommission,Bureauof Outdoor Recreation,Jackson, MS.
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AdministrativeOrganization.

LouisianaDepartment..ofWildlife and Fisheries (LDWF)
P.O. Box 98000
BatonRouge, Louisiana70898
Telephone: (504) 765-3617

The LDWF is one of21 major administrative unitsof the Louisiana government.A
seven-memberboard, the Louisiana Wildlife and FisheriesCommission(LWFC) is
appointedby the Governor. Six of the membersserveoverlappingtermsof six years,
and one servesa term concurrentwith the Governor. The commissionis a policy- A
making and budgetary-controlboard with no administrativefunctions. The legislature
has sole authority to establish managementprograms andpolicies; however, the
legislature has delegated certainauthority and responsibility to the LDWF. The
Secretaryof the LDWF is the executive headandchief administrativeofficer of the
departmentand is responsiblefor the administration, control andoperation of the
functions, programs andaffairs of the department. The secretaryis appointedby the
Governorwith consentof the Senate.

Within the administrativesystem, anAssistantSecretaryis in chargeof the Office of
Fisheries~ In this office a Marine Fisheries Divisionandan Inland Fisheries Division
mayhavemanagementjurisdictionover theGulf sturgeon. The EnforcementDivision,
in the Ogice of theSecretary, is responsiblefor enforcing all fishery statutesand
regulatiw.

The LDWF’s NaturalHeritageProgramis responsiblefor administering thelaws, rules,
andregulationsregardingthreatenedandendangeredspecies(R.S.56:1830). Inaddition,
undera full authoritiesSection6 agreement withthe FWS, thetake of threatenedand
endangeredspeciesmay be authorizedby permits issuedby the Department.

Louisianahashabitat protectionand permittingprogramsanda federallyapprovedCZM
program.

Legislative Authorization. Title 56 Louisiana RevisedStatutes contains rules and
regulationsthatgovernmarine fisheriesin the state.

ReciprocalAgreement and LimitedEntry Provisions. Not applicable,sincetakeof Gulf
sturgeonis illegal in Louisiana.

CommercialLandingsData ReportingRequirements.Not applicable,sincetake of Gulf
sturgeonis illegal in Louisiana.
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Louisiana Departmentof Wildlife and Fisheries (LDWF) 
P.O. Box 98000 
Baton Rouge, Louisiana 70898 
Telephone: (504) 765-3617 

The LDWF is one of 21 major administrative units of the Louisiana government. A 
seven-member board, the Louisiana Wildlife and Fisheries Commission (L WFC) is 
appointed by the Governor. Six of the members serve overlapping terms of six years, 
and one serves a term concurrent with the Governor. The commission is a policy
making and budgetary-control board with no administrative functions. The legislature 
has sole authority to establish management programs and policies; however, the 
legislature has delegated certain authority and responsibility to the LDWF. The 
Secretary of the LDWF is the executive head and chief administrative officer of the 
department and is responsible for the administration, control and operation of the 
functions, programs and affairs of the department. The secretary is appointed by the 
Governor with consent of the Senate. 

Within the administrative system, an Assistant Secretary is in charge of the Office of 
Fisheries~ In this office a Marine Fisheries Division and an Inland Fisheries Division 
may have management jurisdiction over the Gulf sturgeon. The Enforcement Division, 
in the Office of the Secretary, is responsible for enforcing all fishery statutes and 
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The LDWF's Natural Heritage Program is responsible for administering the laws, rules, 
and regulations regarding threatened and endangered species (R.S. 56: 1830). In addition, 
under a full authorities Section 6 agreement with the FWS, the take of threatened and 
endangered species may be authorized by permits issued by the Department. 

Louisiana has habitat protection and permitting programs and a federally approved CZM 
program. 

Legislative Authorization. Title 56 Louisiana Revised Statutes contains rules and 
regulations that govern marine fisheries in the state. 

Reciprocal Agreement and Limited Entry Provisions. Not applicable, since take of Gulf 
sturgeon is illegal in Louisiana. 

Commercial Landings Data Reporting Requirements. Not applicable, since take of Gulf 
sturgeon is illegal in Louisiana. 
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Penaltiesfor Violations. The flx~ for eachillegally caughtfish is $2,500.00

Annual LicenseFees. Not applicable,sincetakeof Gulf sturgeonis illegal in Louisiana.

LawsandRegulations. Louisianalaw currentlyprohibits take of all sturgeonanywhere
in the state. The Louisiana Division of Natural Heritageis responsiblefor listing of
endangeredandthreatenedspecies.
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RECOVERY PLAN EXECUTIVE SUMMARY 

1. Point or condition when the species can be considered recovered? 

The primary objective of the recovery plan is to provide secure habitat 
for the ringed sawback turtle in two stretches of the Pearl River for a 
total protected area of 150 river miles. These reaches must be on 
opposite ends of Ross Barnett Reservoir at Jackson, and contain a minimum 
of 30 miles in either reach. 

Delisting should occur on a rangewide basis when the two river reaches are 
protected, there is evidence of a stable or increasing population over a 
10 year period, and a monitoring plan is developed and implemented to 
ensure a continuing stable population. 

2. What must be done to reach recovery? 

Determine the habitat requirements, including food sources for the various 
life stages of the ringed sawback turtle, and maintain at least 150 river 
miles of habitat that meets those requirements. 

The primary steps are to characterize physical parameters of required 
habitat, determine reproductive requirements, food sources, population 
structure. and activity periods and behavior. On the basis of this 
information. identify and protect the two river reaches. 

Attaining recovery depends upon protection of the required habitat. The 
areas where the ringed sawback turtle is common are known to some extent. 
The population status and trends and influencing factors are not known. 
Regulatory agencies must provide for habitat protection in areas 
identified as required habitat. 

3 What management/maintenance needs have been identified to keep the 
species recovered? 

The required habitat must De protected by tne appropriate regulatory 
agencies. A monitoring plan to track population trends and protection 
success is a critical element. 





Disclaimer 

This is the completed ringed sawback turtle recovery plan. It has been 

approved by the U.S. Fish and Wildlife Service. It does not necessarily 

represent official positions or approvals of cooperating agencies, and it 

does not necessarily represent the views of all individuals who played a 

role in preparing this plan. This plan is subject to modification as 

dicated by new findings, changes in species status, and completion of 

tasks described in the plan. Goals and objectives will be attained and 

funds expended contingent upon appropriations, priorities, and other 

constraints. 

ADDITIONAL COPIES ARE FOR SALE FROM: 

Fish and Wildlife Reference Service 
6011 Executive Blvd. 
Rockville, Maryland 20852 
301/770-3000 
1-800-582-3421 
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Part I: Introduction 

Background 

On December 23, 1986, the U.S. Fish and Wildlife Service published in the 

Federal Register a final rule indicating its determination that the 

ringed sawback turtle (Graptemys oculifera) is a threatened species 

under the Endangered Species Act of 1973 > as amended. The ringed sawback 

turtle is restricted to the Pearl River and one tributary, the Bogue 

Chit to River, in Miss i s sip pi and Louis i an a. 

The ringed sawback turtle was described by Baur in 1890 as Maiacoclemmys 

oculifera and renamed Graptemys_ oculifera in 1893. The type 

specimens were a group of turtles acquired for the United States National 

Museum by Gustave Kohn and reportedly came frcxn Mandeville, Louisiana, and 

Pensacola, Florida (Cagle 1953). On the basis of a 1900 statement to this 

effect by George E. Beyer, then Curator of the Tulane Museum, Cagle said 

they were probably purchased in the French Quarter Market in New Orleans, 

Louisiana. Due to thE~ absence of ringed sawback turtles fran collections 

in southern Alabama and Florida, Cagle considered the Pensacola record to 

be erroneous, although Kohn had accepted the locality datum of the 

individual from whom the purchase was made. The Mandev"ille record probably 

is from the Pearl River, 26 miles to the east, since there is no suitable 

habitat near Mandeville. 



Description 

The ringed sawback turtle is a small turtle (adults 7.5 - 22 cm) having a 

yellow ring bordered inside and outside with dark olive-brown on each 

shield of the upper shell or carapace and a yellow undershell or plastron. 

The head has a large yellow spot behind the eye, two yellow stripes from 

the orbit backwards and a characteristic yellow stripe covering the whole 

lower jaw (Cagle 1953). Males are considerably smaller than females. 

The only other member of the genus Graptemys in the Pearl River is the 

Alabama map turtle(~. pulchra). The ringed sawback turtle differs from 

the Alabama map turtle in the size of yellow markings on the head and the 

presence of yellow rings on each shield of the carapace. Closely related 

but distinct species occur in rivers to the east and west of the Pearl River. 

Distribution 

The ringed sawback turt ·1 e has been co 11 ec ted on ·1 y from the Pearl and Bogue 

Chitto Rivers. In the Pearl River, it occurs from near coastal salt water 

influence upstream to Neshoba County, Mississippi (Cliburn 1971). Within 

the Pearl River, densities are greater above Ross Barnett Reservoir and 

below the river stretch impacted by the Jackson metropolitan area. In the 

latter, the population appears to decrease downstream of Bogalusa, 

Louisiana. In the Bogue Chitto River, this species has been collected as 

far upstream as Franklinton, Louisiana. The size of the Bogue Chitto 

River is a possible limiting factor to this species. 
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Description of the Habitat 

The ringed sawback turtle is encountered most frequently in river 

stretches having a moderate current, numerous basking logs and sand 

beaches for nesting. The river must be wide enough to allow sun 

penetration for several hours. The factors influencing suitability of 

nesting sites for Gra temys appear to be sand particle size, elevation 

above the water level, cover quality and distance frOOl 

(Shealy 1976, Lahanas 1982). 

Lahanas (1982) observed§_. nigrinoda to nest in unvegetated and short 

grass situations with about equal frequency& The substrate was very fine 

sand. Nests were constructed frOOl 4.3 to 193 m from shore with most nests 

within 35 m of shore. The great distances from shore may be a reflection 

of the large nesting area on Gravine Island. Nests were always located 

above mean water level with an average elevation of 4.2 m. Elevation 

selected for nesting appeared to be the result of how far an individual 

traveled inland, rather than an elevation preference. 

Anderson (1958) found nests of G. oculifera on the landward margin of 

sand bars. Cagle (1953) collected one mature female §_* ocul ifera that 

had moved to a clump of grass. Tracking her movements, Cagle found trial 

nests and a nesting attempt that was apparently abandoned due to 

interference by roots. 
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The most consistent characteristic associated with nesting sites of§_. 

pulchra was very fine sand. This sand is easily excavated, forms a fine 

crust when wetted and retains moisture beneath this crust. Nests of G. 

pulchra were generally 3-15 m from the water's edge and at an elevation 

of 2-3 m above the existing water level. If gently sloping banks were 

present,§_. pulchra would travel greater distances to find the desired 

elevation (Shealy 1976). 

Basking sites must be present and relatively safe. §_. pulchra were 

observed to use the tops of toppled trees for basking only when there was 

some water covering the trunk between the top and the river bank. When 

water levels dropped and the trunk was continuously exposed, the turtles 

ceased using the tree for basking (Shealy 1976). 

Life Hi story 

Cagle (1954), in the descriptions of§. flavimaculata and§_. 

ni gri noda cone 1uded tnese two species and G. ocu 1ifera formed a 

unique complex that has been referred to by other investigators as the 

"narrow-head" Graptemys. The most comprehensive study on the 

"narrow-head" complex is by Lahanas (1982). It is on this study that most 

of the following life history discussion is based. 

The limited information available on§_. oculifera is eagle's work in 

the early 1950s. Cagle (1953) concluded that G. oculifera males 

4 



matured at five years of age and that toe nails and the pre-anal tail 

length were not always conspicuously elongate. The smallest mature male 

was 6.52 cm (2.6 inches) plastron length. Cagle did not provide an age at 

which G. oculifera females reached maturity but did record the 

smallest mature female at 12.8 cm (5.0 inches) plastron length. He 

concluded females grew more rapidly than males during their second year 

and that growth virtually ceased in both sexes at maturity. 

Lahanas (1982) found female§_. nigrinoda grew at twice the rate of male 

G. nigrinoda for the first five years. He collected immature female 

G. nigrinoda that were 6 to 8 years old and 159 to 168 mm (6.2 - 6.5 

inches) in plastron length. The smallest sexually mature females collected 

were 167 to 177 11111 (6.5 - 7.0 inches) in plastron length, suggesting they 

were at least 9 years old. From these data he inferred that female G. 

~igrinoda mature at 8 or 9 years of age and a plastron length of 

approximately 170 mm (6. 7 inches). Shealy {1976) found§_. pulchra 

males matured in 3 or 4 years while females were 14 years old at maturity. 

Webb (1961) found male G. ouachitensis in Lake Texoma, Oklahoma, were 

mature at 2 or 3 years while females were 6 or 7 years of age 

Lahanas (1982) concluded that§_. nigrinoda produced 3 or 4 clutches 

annually with an average clutch size of 5-6 eggs. Cagle (1953} collected 

a small nesting female~- oculifera that had 3 eggs in the oviduct and 

4 enlarged follicles. This turtle probably would have deposited two 

clutches totalling 7 eggs. Shealy (1976) autopsied a large female~

pulchra that exhibited the potential production of 71 eggs in the 
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season. Cagle (1952) found reproductive potential of up to 51 eggs with 

an average of 17 eggs in a season for G. barbouri. The narrow headed 

Graptemys may have a lower reproductive potential than other species of 

Graptemys. 

In§_. nigrinoda, mating likely occurs in late spring and early summer 

but may occur at any time of the year {Lahanas 1982). §_. pulchra 

likely breeds in September to November with nesting from late April to 

late July. A single mating may be sufficient for several fertilizations 

since females can apparently store viable sperm for several months or 

possibly years. A female G. oculifera collected by Cagle (1953) in 

April did not yet have eggs in the oviduct, while he observed one nesting 

in early June. Lahanas (1982) concluded that the nesting season for G. 

nigrinoda extended from mid-May to early August. 

In Graptemys, nesting activity may occur during the day or night but 

rarely both by the same species. G. nigrinoda always nests after dark 

with the highest activity during the early hours of darkness {Lahanas 

1982). .§_. pulchra nests during the day (Shealy 1976). The nesting 

§_. oculifera observed by Cagle (1953) was during the day. 

Graptemys' nests are about 15 cm (6 inches) deep with the eggs covered 

with packed sand to the top of the cavity. The egg incubation period for 

G. oculifera is unknown. Under controlled conditions. Ewert (1979} 

artificially incubated G. oculifera eggs in 62.8 days. Under similar 

conditions, Shealy {1976} incubated§_. pulchra eggs in 74 79 days. 
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Lahanas (1982) observed 9 clutches of G. nigrinoda incubating under 

natural conditions to require an average of 63-65 days. Hatchling turtles 

remain in the nest for up to several days after pipping to absorb the 

remaining egg yolk. Shealy {1976) determined the average time between 

nesting and emergence to be 95 days for§_. pulchra. Lahanas (1982) 

observed G. nigrinoda remained in the nest for 2-5 days after pipping. 

Nesting is generally on wide sand beaches (Lahanas 1982, Shealy 1976). 

Nest temperature is a determining factor in sex determination according to 

a study on three species of Graotemys (Bull 1985). In a study of G. 

~graphica, G. ouachitensis, and§_. pseudogeographica, only 

ma 1es were produced when nest temperatures were be 1ow 28°c. If nest 

temperatures were above 30.5°c, only females were produced. The 

critical time for nest temperature influence on sex determination was in 

the 4th to 7th weeks of incubation (Bull 1985). 

Egg mortality is an important factor in reproductive success. Shealy 

(1976) found~- pulchra egg mortality exceeded 90 percent. Eighty-two 

percent of~- nigrinoda eggs were destroyed (Lahanas 1982}. The 

mortality for~- nigrinoda could have been higher if the investigator 

had not been on site and disrupting the predatory activities. The effect 

of long periods of egg inundation under natural conditions is unknown. 

Studies of other species of Graptemys indicate a diet of insects, 

snails, and clams (Cagle 1952, Webb 1961, Shealy 1976). Juveniles and 
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small males of§_. pulchra contained primarily insects while large 

females fed almost exclusively upon mussels by crushing the shell with 

their powerful jaws (Shealy 1976). Lahanas (1982) found G. nigrinoda 

used algae as a primary food and did not regard them as a mollusk 

specialist. Cagle (1953) found the stomachs of 10 G. oculifera 

contained only the fragments of insects. Fish and carrion may be an 

occasional and opportunistic food source. 

A major factor in activity is water temperature (Shealy 1976). Although 

basking may occur during all months, a peak in activity occurs in March 

and April, continues through July and declines from July to October. 

Basking probably serves several functions with eievation of the body 

temperature as a primary function. The drying that occurs with basking 

also inhibits fungal and algal growth, ectoparasites and infections 

(Shealy 1976). In§_. pulchra, basking did not occur on cfoudy days 

when water temperature exceeded air temperature. This implies basking is 

primar-ily for thermoregulation (Shealy 1976). Turtles will quickly drop 

from basking sites if disturbed and may drop in response to another turtle 

plunging into the water. 

Nocturnal activity of Graptemys is largely unknown. Individuals have 

been observed lingering close to the surface among tree branches and 

roots. Adults may feed at night and hide during the day when not basking. 
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Predation 

Nest predation is the dominant factor inhibiting population growth in.§_. 

pulchra (Shealy 1976). He found at least 95 percent of all nests were 

destroyed by predators. Lahanas (1982) found 82 percent of G. 

nigrinoda destroyed by predators. Primary predators are the fish crow 

and raccoon. The fish crow will frequently follow a female to the nest 

site and excavate the eggs after laying. Raccoons apparently locate the 

nests by the odor of turtle urine. Most nests were destroyed by predators 

within 12-24 hours of laying. Cagle (1950) found the most important 

predators of Pseudemys scripta nests were skunks and raccoons. 

Predation on hatchlings has not been observed. It is likely that large 

gars, herons, and alligator snapping turtles occasionally feed upon 

hatchlings (Shealy 1976). The only significant predator of adult turtles 

is man who shoots basking turtles and collects them for the commercial 

turt1e trade. 

Limiting Factors 

Very little competition seems to occur among individuals or species. 

Because food is generally abundant if the habitat is satisfactory, the 

major limiting factor appears to be habitat availability. Competition for 

basking sites probably is not important at the population level in 

undisturbed habitat. The limitation of G. oculifera to the Pearl 

River system likely is from drainage isolation and the absence of overland 
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migratory movements. The degree of adaptability to pond or lake 

situations has not been determined, but observations suggest.§.. 

oculifera marginally survives in such situations (McCoy and Vogt 1980). 

Nesting site requirements may be limiting factors. Basking sites probably 

are necessary for health, if not survival, and may be a limiting factor. 

Reasons for Decline and Continuing Threats 

The decline of the ringed sawback turtle is primarily due to habitat 

modification and water quality degradation. Construction of Ross Barnett 

Reservoir, modification of the west channel of the Pearl River to 

Bogalusa, Louisiana, and floodplain clearing at Jackson, Mississippi have 

impacted 21 percent of the historic range. Ross Barnett Reservoir 

modified 30 river miles (RM) to the exclusion of ringed sawback turtles. 

The channel and floodplain modifications at Bogalusa and Jackson have not 

eliminated this species but apparently have caused a decline in the 

population. Cliburn (1971) collected 12 G. oculifera from the Pearl 

River in the vicinity of the Highway 80 bridge at Jackson. Service 

biologists were unable to capture any§* oculifera on two occasions 

when using techniques similar to Cliburn's. Three surveys by Service 

biologists of basking turtles in the Pearl River at Jackson concluded the 

~- oculifera population was comprised almost completely of adults. 

The ringed sawback population in the vicinity of Bogalusa, Louisiana, and 

downstream has declined (pers. comm. R. Lohoefenor). 
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Projects planned or authorized will impact up to 28 percent of the 

remaining Pearl River habitat. Flood control studies on-going or planned 

for the Pearl River at Slidell, Louisiana and Pearlington, Morgantown, 

Monticello, Foxworth, Columbia, Carthage, and Leake County, Mississippi 

continue to threaten this turtle. Authorized channelization of 100 RM of 

the Bogue Chitto River would likely extirpate the ringed sawback turtle 

from this stream. Flood control studies on reaches of the Bogue Chitto 

River at Franklinton, Louisiana and Tylertown, Mississippi may lead to 

river modifications which would threaten this habitat. 

Other threats include continued channelization in the drainage, which 

produces increased runoff and heavy siltation. Drainage ditches frOOl 

agriculture fields may increase the ~nount of pesticides that reach the 

rivers. Sand and gravel dredging continues to impact reaches of ringed 

sawback turtle habitat. 

Current Status and Population Trends_ 

There are two vigorous population centers in the Pearl River, separated by 

Ross Barnett Reservoir and the Jackson metropolitan area. Information 

needed to evaluate current population trends within these centers is 

lacking. Much of the life history must be determined before we can 

evaluate trends and take protective action for recovery. 
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Part II: Recovery 

A. Recovery Objective 

The objective of this plan is to remove the ringed sawback turtle 

from the list of threatened species. The criteria for delisting the 

species are: 

(1) Protection of a total of 150 miles of the turtle's habitat in 

two reaches of the Pearl River. There must be a minimum of 30 

miles in either reach with the total protected area totalling 

150 river miles. 

(2) Evidence of a stable or increasing population over at least a 

ten year period in these two Pearl River reaches. 

(3) An established, continuing plan of periodic monitoring of 

population trends and habitat to ensure a stable population in 

these river reaches. 

8. Step-down Outline 

1. Characterize physical parameters of habitat. 

1.1 Select and characterize five reaches with vigorous ringed 

sawback turtle populations. 
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1.2 Select and characterize five reaches that do not support 

vigorous ringed sawback turtle populations. 

1.3 C001pare data obtained in 1.1 and 1.2 to determine 

potentially limiting factors. 

2. Determine reproductive requirements. 

2.1 Determine nesting locations and prepare physical 

description of sites. 

2.2 Determine nesting requirements. 

2.3 Determine effects of environmental changes and of predation 

on reproductive success. 

2.4 Determine where most of the successful reproduction occurs 

and the influencing factors. 

3. Determine food sources. 

3.1 Determine the food requirements at various life stages and 

seasons$ 

3.2 Determine physical requirements of the major prey species. 
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3.3 Determine how distribution and abundance of the major prey 

species correlates with the vigorous turtle populations. 

4. Determine population structure. 

4.1 Determine sex ratio, size, and age at maturity, and age 

structure. 

4.2 Estimate number of ringed sawback turtles per mile in each 

of the study reaches. 

5. Determine activity periods and behavior. 

5.1 Determine seasonal activity. 

5.2 Determine daily activity. 

5.3 Determine if the species moves any distance during its 

lifetime and barriers to such movement, if any. 

6. From the information gathered, determine and protect at least 

two river reaches critical to maintaining a stable population. 

6"1 Protect these two river reaches from activities that would 

cause a decline of this species' population. 
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6.2 Develop and implement a monitoring plan to evaluate 

effectiveness of protective measures and to track 

population trends. 

C. Narrative Outline 

1. Characterize ph sical parameters of habitat. This section 

will seek to compare habitat parameters such as water depth, 

current, water chemistry, bottom composition, numbers of snags 

per mile, area of sandbars per mile, bank height, sandbar 

vegetation, average exposure of sandbars and snags to direct 

sunlight per day and any other factors that may be appiicabie, 

to determine the limiting factors for various reaches of the 

Pearl River. 

1~1 Select and characterize five reaches with vigorous ringe~ 

sawback turtle populations. The ringed sawback turtle 

continues to exist in good numbers in an approximate 50 mile 

reach upstream of Ratliff's Ferry and in a 120 mile reach 

from near Georgetown, Mississippi downstream to the vicinity 

of Sandy Hook, Mississippi. Five reaches of at least 3 miles 

each wi ·1 l be selected to characterize the parameters in 1. 

These reaches will be in the vicinity of the Highway 35 

bridge at Carthage, below the Highway 25 bridge, and near 

Monticello, Columbia, and Sandy Hook, Mississippi. Within 
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each selected reach, at least 10 sample stations will be 

defined to aid in statistical comparisons. Each sample 

stat i on wi 11 be at 1east 100 yards i n l en gt h . 

1.2 Select and characterize five reaches that do not suppor~ 

~igorous ringed sawback turtle o ulations. Populations 

of this turtle have apparently declined and/or were always 

low in the Pearl River from Ross Barnett Reservoir 

downstream to near Georgetown and in the Pearl River below 

Bogalusa. Five reaches of 3 miles each will be selected to 

characterize the parameters in L These reaches will be: 

between Ross Barnett Reservoir and Lakeland Avenue, 

Jackson; between the Jackson metropolitan area and 

Georgetown; downstream of Bogalusa; and near Walkiah Bluff 

Water Park above Picayune, Mississippi. Sample stations 

wi 11 be designated as in LL 

1. 3 Compare data obtained in 1.1 and 1. 2_ -~o determine limiting 

factors. Compare the parameters to determine those common 

to all study areas in 1.1, but lacking in study areas 1.2. 

2. Determine re reductive re uirements. This section will 

determine the required and limiting factors to successful 

reproduction. Two study ar2as will be selected from those areas 

in 1.1 with one above and one below Ross Barnett Reservoir. 
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2.1 Determine nesting locations and prepare ph sical 

description of sites. In at least two study areas, 

determine the characteristics of nest cavity, substrate 

type, location of nest relative to water, vegetation, and 

debris, length of exposure per day of nest site to direct 

sun, temperature of nest substrate and other parameters 

necessary to determining the suitability of a nesting site. 

2.2 Determine nesting requirements. Within the study areas 

selected in 2.1, determine dates of nesting, period of 

greatest nesting activity, extreme nesting dates, 

incubation period, clutch size, frequency of nesting, and 

description of eggs. Incubation period may be determined 

by artificial rearing but should be compared to natural 

incubation where possible. Clutch size can be determined 

by counting the number of eggs laid, X-ray of gravid 

females, and dissection of a small number of individuals. 

Determining frequency of nesting will require extensive 

mark-recapture and/or X-ray of females immediately after 

laying* 

2.3 Determine effects of environmental changes and of 

predation on re roductive success. This task will 

determine the effects of high water on nesting and 

hatching. The length of time an egg or embryo can be 
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submerged before dying is crucial in predicting certain 

environmental impacts to population trends. This will be 

c r uc i a 1 i n e v a 1 u at in g the poten t i a 1 impact of a dry dam 

such as is authorized for the upper Pearl River. Because 

nest predation appears to be a limiting factor in other 

species of Graptemys, we must know the impact of nest 

predation on the ringed sawback turtle. This can be 

accomplished by marking and monitoring nests to determine 

the percent that successfully hatch and identifying 

predators by the tracks around destroyed nests. 

2.4 Determine where most of the successful reproduction occurs 

and the influencing factors. This task will seek to 

determ"ine if nest temperature influences sex determination 

and, if so, could bank clearing have enough effect on nest 

temperature to result in a skewed sex ratio. The 

relationship between female size and clutch size will be 

determined to evaluate the contribution of large females to 

population trends. Larger turtles are more likely targets 

of wan ton shooting and in Gra,.ptemys these of ten are 

females@ Detennining where successful reproduction occurs 

will permit an evaluation of the importance of habitat 

quality, predator density, and the interaction of these 

factors. 
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3. Determine food sources. This task will seek to determine 

preferred and available food sources for various life stages of 

the ringed sawback turtle. 

3.1 Determine the food requirements at various life stages and 

seasons. Juvenile and small male Graptem s apparently 

utilize insects as a food source. Larger males and adult 

females may also consume mollusks as food. This task will 

seek to determine the groups or species utilized as food by 

examining fecal samples from captured turtles and from 

stomach content analysis of any turtles that may be 

sacrificed for other purposes or from stomach pumping of 

1i ve turtles. Stomach con ten ts of G. pu lchra that 

occur in the same habitat will be examined to determine 

what a closely associated species consumes and if there is 

competition for the food source. Determination of diet 

will be accomplished for two seasons in the two study areas 

selected in 2.1 to evaluate seasonal variations and dietary 

variation between the study areas. 

3.2 Determine hysical requirements of the major rey 

species. Once the major prey species have been identified 

in 3®1, this task will seek to determine those factors that 

influence their abundance and availability. This will 

include correlating peak insect population levels with 

turtle hatch 1i ng emergence and the impact of habitat 

19 



modification on various life stages of the insect prey. 

The required substrate and reproductive requirements of 

mollusk prey species wi 11 be deterrni ned. This may include 

the determination of molluscan fish host to evaluate 

project impacts on the turtle's food supply. 

3.3 Determine how distribution and abundance of the major prey 

s ecies correlates with the vigorous turtle populations. 

Shealy (1976) found a direct correlation between the 

presence and abundance of mollusks and the presence and 

abundance of~- pulchra. This task will determine if 

the same is true for§. oculifera by examining reaches 

of the Pearl River for prey organisms relative to G. 

oculifera populations. 

4. Determine population structure. This task wi 11 develop data 

to evaluate population trends and possibly identify limiting 

factors for this species in areas of low population levels. 

4 . 1 De term i ne sex rat i o , s i ze and age "~!. mat u r i ~,li__~_g_~_ 

structure. Nest temperatures influence sex determination in 

several other species of Graptemys and probably do in G~ 

oculifera. If early nesting is lost due to flooding or 

some other factor, the increased temperatures of late nesting 

could skew the sex ratio. Determining and comparing all 

these factors for each of the study areas will provide a base 
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for determining population trends and possibly identify 

limiting factors for reaches of the Pearl River that have 

low population levels of this turtle. 

4.2 Estimate number of ringed sawback turtles per mile in each 

of the study reaches. This task will provide baseline 

data to determine population trends. Basking ringed 

sawback turtles will be counted on at least three nrr~~inns 

at each sample station each year for three years. Turtles 

will be captured within selected reaches to provide 

hands-on verification of the basking counts. Captured 

turtles will be marked by notching or drilling certain 

carapace marginals for recapture studies to provide an 

additional estimate of population size and to provide data 

on survivorship and growth rates. 

5. Determine activity periods and behavior. This task will seek 

to provide data on activity and behavior by age and sex classes, 

by seasons, and on daily activity. 

5.1 Determine seasonal activity. Studies have shown that 

feeding activity ceases in the late fall with turtles 

entering a period of low activity. This task will seek to 

identify if and when this occurs in G. oculifera. 

Where the turtles go during this period of low activity 

will be compared by age and sex classes. 
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5.2 Determine dail activity. Daily activity will be 

determined by age and sex classes under varying 

environmental conditions. Shealy (1976) found juveniles of 

~- pulchra to have a strong basking drive and that they 

would bask under unfavorable environmental conditions. 

Does this happen with G. oculifera and, if so, what 

impact does it have on the population structure? Peak 

feeding hours will be determined for juveniles and adults. 

5.3 Determine if the s ecies moves an distance during its 

lifetime and barriers to such movement if any. This task 

will determine if river reaches that support low population 

levels are dependent upon emigration from other river 

reaches and if there are barriers to such movement. Homing 

tendencies will be evaluated by relocating some turtles and 

determining if they return to the point of capture. This 

task will require considerable mark and recapture work. 

6. From the information gathered, determine and protect at least 

two river reaches crit i ca1 !Q_ ma i nta 'in~~~ stab ·1 e popu lat ~-QI!• 

Baseline data from this plan will be used to identify two river 

reaches with a minimum of 30 miles in one reach and totalling at 

least 150 river mi ·1es in the two reaches. Necessary actions to 

protect and plans to monitor these areas will be developed and 

implemented. Irm1ediate and interim protection will be provided 

by the authority of Section 7 of the Endangered Species Act. 
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6.1 Protect these two river reaches from activities that would 

cause a decline of this species' population. This task 

will develop the actions necessary to protect the 

identified habitat and seek to protect it by implementing 

those actions. These actions may include anything from 

regulations or legislation restricting habitat modification 

in the designated reaches to acquisition of key areas. 

6.2 Develo and implement a monitoring lan to evaluate 

effectiveness of protective measures and to track 

population trends. Using the baseline data gathered in 

this plan, develop a monitoring plan to evaluate the 

protective measures, track population trends, and take 

corrective action as necessary~ Population monitoring 

including age classes, sex ratio, nesting success, food 

availability, and number of turtles per mile will be 

conducted at three year intervals in the protected river 

reaches. 

The same factors will be monitored in the river reaches 

selected in 1.2 at five year intervals to evaluate trends 

in the areas of low population. 
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PART II I 

KEY TO IMPLEMENTATION SCHEDULE COLUMNS 1 &4 

General Category (Column 1): 

Information Gathering - I or R (research) Acquisition - A 

1. Population status 1. Lease 
2. Habitat status 2. Easement 
3. Habitat requirements 3. Management agreement 
4. Management techniques 4. Exchange
5. Taxonomic studies 5. Withdrawal 
6. Demographic studies 6. Fee tit 1 e 
7. Propagation 7. Other 
8. Migration 
9. Predation 

10. C001petition Other - 0 
11. Disease 
12. Environmental contaminant 1. Information and education 
13. Reintroduction 2. Law enforcement 
14. Other information 3. Regulations 

4. Administration 

Management - M 

1. Propagation 
2. Reintroduction 
3. Habitat maintenance and manipulation
4. Predator and competitor control 
5. Depredation control 
6. Disease control 
7. Other management 

Priority (Column 4): 

1 - An action that must be taken to prevent extinction or to prevent the 
species from declining irreversibly in the foreseeable future. 

2 - An action that must be taken to prevent a significant decline in species 
population/habitat quality or some other significant negative impact 
short of extinction. 

3 - All other actions necessary to provide for full recovery of the species. 
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EXECUTIVE SUMMARY 

This report summarizes the results of a species status assessment (SSA) that assessed the 
northern long-eared bat’s (NLEB; Myotis septentrionalis) viability over time. Although this SSA 
is its own separate report, it was developed in tandem with SSA analyses and reports for the 
tricolored bat (Perimyotis subflavus) and the little brown bat (Myotis lucifugus). 

NLEB, a wide-ranging bat species, found in 37 states and 8 provinces in North America, 
typically overwinters in caves or mines and spends the remainder of the year in forested habitats. 
As its name suggests, NLEB is distinguished by its long ears, particularly as compared to other 
bats in genus Myotis. 

In conducting our status assessment, we first considered what NLEB needs to ensure viability. 
We then considered factors that are currently influencing those viability needs or expected to in 
the future. Based on the species’ viability needs and current influences on those needs, we 
evaluated NLEB’s current condition. Lastly, we projected plausible future scenarios for NLEB 
based on its current condition and expected future influences on viability. 

For survival and reproduction at the individual level, the NLEB requires access to food and water 
resources when not hibernating, along with suitable habitat throughout its annual life cycle. 
During the spring, summer and fall seasons, NLEB requires suitable foraging, roosting, traveling 
(between summer and winter habitat) and swarming habitat with appropriate conditions for 
maternity colony members; during the winter, NLEB requires habitat with suitable conditions for 
prolonged bouts of torpor. For NLEB populations to be healthy, they require a population size 
and growth rate sufficient to withstand natural environmental fluctuations, habitat of sufficient 
quantity and quality to support all life stages, gene flow among populations, and a matrix of 
interconnected habitats that support spring migration, summer maternity colony formation, fall 
swarming, and winter hibernation.   

At the species level, NLEB viability requires having a sufficient number and distribution of 
healthy populations to ensure NLEB can withstand annual environmental and demographic 
variation (resiliency), catastrophes (redundancy), and novel or extraordinary changes in its 
environment (representation). Resiliency is best measured by the number, distribution, and health 
of populations across the species’ range. Redundancy can be measured through the duplication 
and distribution of resilient populations across the species’ range relative to potential 
catastrophic events. Representation can be measured by the number and distribution of healthy 
populations across areas of unique adaptive diversity. For NLEB, we identified five 
representation units (RPUs): Eastern Hardwoods, Southeast, Midwest, Subarctic, and East Coast. 

Although there are countless stressors affecting NLEB, the primary factor influencing the 
viability of the NLEB is white-nose syndrome (WNS), a disease of bats caused by a fungal 
pathogen. Other primary factors that influence NLEB’s viability include: wind energy mortality, 
effects from climate change, and habitat loss. 

• WNS has been the foremost stressor on NLEB for more than a decade. The fungus that 
causes the disease, Pseudogymnoascus destructans (Pd), invades the skin of bats and 

iii 



 

 
 

  
 

 
   

    
 

  
   

   
  

   
     

   
 

 
    

 
   

    
    

 
   

   
 

  
  

   
    

 
  

    
 

  
   

  
 

    
  

 

  

I 

infection leads to increases in the frequency and duration of arousals during hibernation 
and eventual depletion of fat reserves needed to survive winter, and often results in 
mortality. WNS has caused estimated NLEB population declines of 97–100% across 79% 
of the species’ range. 

• Wind energy-related mortality of NLEB, is also proving to be a consequential stressor at 
local and regional levels, especially in combination with impacts from WNS. Most bat 
mortality at wind energy projects is caused by direct collisions with moving turbine 
blades. Wind energy mortality may occur over 49% of the NLEB range. 

• Climate change variables, such as changes in temperature and precipitation, may 
influence NLEB resource needs, such as suitable roosting habitat for all seasons, foraging 
habitat, and prey availability. Although there may be some benefit to NLEB from a 
changing climate, overall negative impacts are anticipated, especially at local levels. 

• Habitat loss may include loss of suitable roosting or foraging habitat, resulting in longer 
flights between suitable roosting and foraging habitats due to habitat fragmentation, 
fragmentation of maternity colony networks, and direct injury or mortality. Loss of or 
modification of winter roosts (i.e., making hibernaculum no longer suitable) can result in 
impacts to individuals or at the population level. 

In evaluating current and future conditions of the NLEB, we used the best available data. Winter 
hibernacula counts provide the most consistent, long-term, reliable trend data, and provide the 
most direct measure of WNS impacts, even for species such as NLEB that may be undercounted 
(due to their proclivity to roost in crevices). Although the availability and quality of summer data 
vary temporally and spatially, this data offered additional support (to winter data results) in 
evaluating population trends since Pd arrival. We relied upon the data derived from North 
American Bat Monitoring Program (NABat) analyses for all available winter (NABat 2021) and 
summer data (NABat 2020).  

Available evidence, including both winter and summer data, indicates NLEB abundance has and 
will continue to decline substantially over the next 10 years under current demographic 
conditions. Winter abundance (from known hibernacula) has declined rangewide (49%) and 
across most RPUs (0–90%). In addition, the number of extant winter colonies declined 
rangewide (81%) and across all RPUs (40–88%). By 2030, rangewide abundance declines by 
95% and the spatial extent declines by 75%. There has also been a noticeable shift towards 
smaller colony sizes, with a 96–100% decline in the number of large hibernacula (≥100 
individuals). Declining trends in abundance and occurrence are also evident across much of 
NLEB’s summer range. Rangewide summer occupancy declined by 80% from 2010–2019. Data 
collected from mobile acoustic transects found a 79% decline in rangewide relative abundance 
from 2009–2019 and summer mist-net captures declined by 43–77% compared to pre-WNS 
capture rates. To assess NLEB’s future viability, we determined how WNS occurrence and wind 
energy capacity is likely to change into the future. We described two scenarios that bound our 
uncertainty on WNS spread and wind energy capacity. The first scenario included WNS spread 
under the Hefley et al. (2020, entire) model and lower wind energy capacity (low impact 
scenario) and the second scenario included WNS spread under Wiens et al. (2022, pp. 215–248) 
model and higher wind energy capacity (high impact scenario). 
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Using these scenarios, we projected the species’ abundance and distribution. Under these future 
scenarios, NLEB declines worsen precipitously. Rangewide abundance declines 95% by 2030 
and 99% by 2040. The number of extant winter colonies decline to only 9 (99% decline) by 2030 
and 0 by 2050. Colony size also declines, with the number of large hibernacula (≥100 bats) 
declining 89% between 2020 and 2030. NLEB’s winter spatial extent also declines by 75% by 
2030 and by 100% by 2060. There are no areas within the species range where similar declines 
were not observed, with all RPUs experiencing declines in abundance, number of extant winter 
colonies, and spatial extant. We also qualitatively considered impacts from climate change, 
habitat loss, and conservation efforts. We expect that these impacts will result in further 
reduction in the species’ resiliency, representation, and redundancy. 

Unquestionably, WNS is the primary driver (or influence) that has led to the species’ current 
condition and is predicted to continue to be the primary influence into the future. As is the case 
for all species status assessments, we do not have perfect information (see Appendix 1) on 
NLEB’s occurrence, but the best available data suggest that bats at unknown hibernacula will 
undergo similar declines observed at known winter colonies. Wind energy related mortality is 
projected to be a more impactful influence in the future as annual mortality is projected to 
increase between 202 and 2,926 individuals by 2050 under the future low and high build-out 
scenarios, respectively. Although there may be some offsetting of effects under current climate 
conditions, increasing negative impacts are anticipated in the future. Increasing incidence of 
climatic extremes (e.g., drought, excessive summer precipitation) will likely increase, leading to 
increased NLEB mortality and reduced reproductive success. Although we consider habitat loss 
pervasive across the NLEB range, impacts to NLEB and its habitat are often realized at the 
individual or colony level. Also, loss of hibernation sites (or modifications such that the site is no 
longer suitable) can result in impacts to winter colonies. 

In conclusion, multiple data types and analyses indicate downward trends in NLEB population 
abundance and distribution over the last 14 years and consequently, we found no evidence to 
suggest that this downward trend will change in the future. NLEB abundance (winter and 
summer), number of occupied hibernacula, spatial extent, probability of persistence, and summer 
habitat occupancy across the range and within all RPUs are decreasing. Since the arrival of 
WNS, NLEB abundance steeply declined. At these low population sizes, colonies are vulnerable 
to extirpation from stochastic events. Furthermore, NLEB’s ability to recover from these low 
abundances is limited given their low reproduction output (1 pup per year). Therefore, NLEB’s 
resiliency is greatly compromised in its current condition and is projected to decline under future 
scenarios. Additionally, because NLEB’s abundance and spatial extent are projected to decline 
dramatically, NLEB will also become more vulnerable to catastrophic events. NLEB’s 
representation has also been reduced. The steep and continued declines in abundance have likely 
led to reductions in genetic diversity, and thereby reduced NLEB adaptive capacity. Further, the 
projected widespread reduction in the distribution of hibernacula will lead to losses in the 
diversity of environments and climatic conditions occupied, which will impede natural selection 
and further limit NLEB’s ability to adapt. Moreover, at its current low abundance, loss of genetic 
diversity via genetic drift will likely accelerate. Consequently, limiting natural selection process 
and decreasing genetic diversity will further lessen NLEB’s ability to adapt to novel changes 
(currently ongoing as well as future changes) and exacerbate declines due to continued exposure 
to WNS, mortality from wind turbines, and impacts associated with habitat loss and climate 
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change. Thus, even without further WNS spread and additional wind energy development, 
NLEB’s viability is likely to rapidly decline over the next 10 years. Further, given the projected 
low abundance and the few number and restricted distribution of winter colonies, NLEB’s 
currently impaired ability to withstand stochasticity, catastrophic events, and novel changes will 
worsen under the range of plausible future scenarios. 
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ABBREVIATION AND ACRONYMS: 

%Sp – Percent Species Composition 
AC – Adaptive Capacity 
AEO – Annual Energy Outlook 
AWEA – American Wind Energy Association 
AWWI – American Wind Wildlife Institute 
Bfat – Bat Fatality 
BWEC – Bat Wind Energy Association  
C – Celsius 
CanWEA – Canadian Wind Energy Association 
CC – Climate Change 
CE – Catastrophic Event 
CER – Canadian Energy Regulator 
CI – Confidence Interval 
CONUS – Continental United States 
CWTD – Canada Wind Turbine Database 
DFW – Department of Fish and Wildlife 
ESA – Endangered Species Act 
F – Fahrenheit 
GRTS – Generalized Random-Tessellation Stratified 
Hibs – Hibernacula 
IUCN – International Union for Conservation of Nature 
km – Kilometers 
LBB – Little brown bat (Myotis lucifugus) 
MAST – Mean Annual Surface Temperature 
mi – Miles 
MLRC – Multi-Resolution Land Characteristics 
MW – Megawatts 
MYLU – Myotis lucifugus 
MYSE – Myotis septentrionalis 
N – Abundance 
NLCD – National Land Cover Database 
NLEB – Northern long-eared bat (Myotis septentrionalis) 
NPS – National Park Service  
NREL – National Renewable Energy Laboratory 
Pd – Pseudogymnoascus destructans 
PESU – Perimyotis subflavus 
pPg – Probability of Population Growth  
RPA – Resources Planning Act 
RPU – Representation Unit 
SSA – Species Status Assessment 
TCB – Tricolored bat (Perimyotis subflavus) 
USDOE – U.S. Department of Energy 
USEIA – U.S. Energy Information Administration 
USFS – U.S. Forest Service 
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USFWS – U.S. Fish and Wildlife Service 
USGS – U.S. Geological Survey  
USWTDB – U.S. Wind Turbine Database 
WNS – White-Nose Syndrome 
YOA – Year of Arrival 
YSA – Years since Arrival 
λ (Lambda) – Population Growth Rate 
λavg – Average Population Growth Rate 
λtot – Total Population Growth Rate 
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CHAPTER 1 – INTRODUCTION 

Background 

This report summarizes the results of a species status assessment (SSA) conducted for northern 
long-eared bat (NLEB, Myotis septentrionalis). It delivers the best available scientific and 
commercial information available on the NLEB in a transparent and defensible peer reviewed 
report for immediate and future Endangered Species Act (ESA) related decisions. Therefore, 
while the report is not a decisional document, it does serve as a synthesis of the best available 
information on the biological status, helpful in promoting the current and future conservation of 
the species. For this reason, after reviewing this document relative to all relevant laws, 
regulations, and policies, the U.S. Fish and Wildlife Service (USFWS) plans to utilize the results 
of this report to make and publish a listing determination in the Federal Register. 

This chapter describes the analytical framework and methods used to assess NLEB’s viability 
over time. Chapter 2 summarizes the ecological requirements for survival and reproduction at the 
individual, population, and species levels. Chapter 3 summarizes the historical condition of 
NLEB. Chapter 4 describes the key drivers that led to NLEB’s current condition and the 
anticipated plausible change in the primary drivers (referred to as influences) over time. 
Chapter 5 summarizes the current condition assuming no change in influences. Chapter 6 
describes the species’ future conditions given the plausible projections of the key influences. 
Lastly, Chapter 7 synthesizes the above analyses and describes how the consequent change in the 
number, health, and distribution of populations influence NLEB viability over time as well as 
the sources of uncertainty and the implications of this uncertainty. Appendices 1–5 provide 
further information on uncertainty and sensitivity, supplemental methodology information, 
supplemental results, supplemental threat background information, and supplemental data. 

Analytical Framework 

Viability is the ability of a species to maintain populations in the wild over time. To assess 
viability, we use the conservation biology principles of resiliency, redundancy, and 
representation (Shaffer and Stein 2000, pp. 308–311). Meaning, to sustain populations over time, 
a species must have a sufficient number of populations distributed throughout its geographic 
range to withstand: 

(1) environmental and demographic stochasticity and disturbances (Resiliency), 
(2) catastrophes (Redundancy), and  
(3) novel changes in its biological and physical environment (Representation).  

Viability is a measure of the likelihood of sustaining populations over time. A species with a 
high degree of resiliency, representation, and redundancy (the 3Rs) is generally better able to 
adapt to future changes and to tolerate catastrophes, environmental stochasticity, and stressors, 
and thus, typically has high viability. 

Resiliency is the ability of a species to withstand environmental stochasticity (normal, year-to-
year variations in environmental conditions such as temperature, rainfall), periodic disturbances 
within the normal range of variation (e.g., fire, floods, storms), and demographic stochasticity 
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(normal variation in demographic rates such as mortality and fecundity) (Redford et al. 2011, p. 
40). Simply stated, resiliency is the ability to sustain populations through the natural range of 
favorable and unfavorable conditions. 

Resiliency is multi-faceted. First, it requires having healthy populations demographically (robust 
survival, reproductive, and growth rates), genetically (large effective population size, high 
heterozygosity, and gene flow between populations), and physically (good body condition). 
Second, resiliency also requires having healthy populations distributed across heterogeneous 
environmental conditions (referred to as spatial heterogeneity; this includes factors such as 
temperature, precipitation, elevation, and aspect). Spatial heterogeneity is particularly important 
for species prone to spatial synchrony (regionally correlated fluctuations among 
populations). Populations can fluctuate in synchrony over broad geographical areas 
(Kindvall 1996, pp. 207, 212; Oliver et al. 2010, pp. 480–482) because environmental 
stochasticity can operate at regional scales (Hanski and Gilpin 1997, p. 372). Spatial 
heterogeneity induces asynchronous fluctuations among populations, thereby guarding against 
concurrent population declines. Lastly, resiliency often requires connectivity among populations 
to maintain robust population-level heterozygosity via gene flow among populations and to 
foster demographic rescue following population decline or extinction due to stochastic events. 

Redundancy is the ability of a species to withstand catastrophes. Catastrophes are stochastic 
events that are expected to lead to population collapse regardless of population health 
(Mangal and Tier 1993, p. 1083). For all species, a minimal level of redundancy is essential for 
long-term viability (Shaffer and Stein 2000, pp. 307, 309–310; Groves et al. 2002, p. 506). 
Reducing the risk of extinction due to a single or series of catastrophic events requires having 
multiple populations widely distributed across the species’ range, with connectivity among 
groups of locally adapted populations to facilitate demographic rescue following population 
decline or extinction. Redundancy provides a margin of safety to reduce the risk of losing 
substantial portions of genetic diversity or the entire species to a single or series of catastrophic 
events. 

Representation is the ability of a species to adapt to both near-term and long-term novel or 
extraordinary changes in the conditions of its environment, both physical (climate conditions, 
habitat conditions, habitat structure, etc.) and biological (novel pathogens, competitors, 
predators, etc.). This ability to adapt to changing and novel conditions-- referred to as adaptive 
capacity--is essential for viability as environmental conditions are continuously 
changing (Nicotra et al. 2015, p. 1269). Species adapt to novel changes in their environment by 
either 1) moving to new, suitable environments or 2) by altering (via plasticity or genetic 
change) their physical or behavioral traits (phenotypes) to match the new environmental 
conditions (Nicotra et al. 2015, p. 1270; Beever et al. 2016, p. 132). Maintaining a 
species’ ability to disperse and colonize new environments fosters adaptive capacity by allowing 
species to move from areas of unsuitable conditions to regions with more favorable conditions. It 
also fosters adaptive capacity by increasing genetic diversity via gene flow, which is, as 
discussed below, important for evolutionary adaptation (Hendry et al. 2011, p. 173; Ofori et al. 
2017, p. 1). Thus, maintaining natural levels of connectivity among populations is important for 
preserving a species’ adaptive capacity (Nicotra et al. 2015, p. 1272). 
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xt Box. 1.1. Spedes Adaptatio11. Species al!ter their physica] or behavioral! traits 
(phenotypes) to match ne\v environmental conditions through either genetic change or 
p lasttctzy~Chevin et al!. 2010, p.2-3; Hendry et al!. 20 11, p. 162; Nicotraet al. 20 15, 
p. 1270). Genettcchang,e, referred to as evo]nt:ionary adaptation or potentia],, involves a 
change lin phenotypes vi a an under]ying genetic change (specifical!Jy, a change in a.Ile e 
frequency) lin response to n ovcl envirorun enta] cu es (Nkotra et a1. 2015, p. 12 71; Ofori et 
aJ .20 17, p . 2). Plasticity, unlike evoh:irt:ionary adaptation, invo]ves a change in phenotypes 
(phenotypic pfastidty)withoul: undergoing changes in the genetic m akeup (Nicotra et al. 
20 15, p. 1271- 1272). Phsticity is an limportant m ec.hanism for species to adaptbothin 
immediate .and furnretim e frames. fu the imm ecliate tim e fram e,, p]asticity directly acts to 
aJfow species to persist ,despite novd changes in the envirorun ent. Jn the fonger tim e :frame, 
p astidty contributes to a sp eci es' adaptive capacity by buying t:im e for adaptive ev olut:i on 
to occur through genetic changes (referred to as genetic as.sitlll1ation,. see Ghal! ambor et al. 
2007, p. 395; iootra et al!. 20 15, p. 1271). ot al!] geneticandphstiicinducedchanges are 
adaptive; changes must ]ead to improved fitness to be adaptive (Nicotra et al 2015, p. 
127 1-1272). Important]y, ho\ ~ er, adaptive traits can vary over space and time;\ hat is 
adaptive in one focation may not be adaptive in another, and simiJ arJy, what is adaptive 
today may notbeunder fumreoondit:ions and vioeversa (Nicotra et al. 20 15, p. 1271-
12 72). Thu5, maintaining the fuU breadth ofvar:iation in both phst:ic traits and genetic 
diversity is limp ortant for preserving a sped es,. adaptive capacity . 

Maintaining a species’ ability to adapt to novel and extraordinary conditions requires preserving 
the breadth of genetic variation. Species alter their physical or behavioral traits (phenotypes) to 
match new environmental conditions through either genetic change or plasticity (see Text Box 
1.1). For adaptation to occur, whether through plasticity or evolutionary adaptation, there must 
be genetic variation upon which selection can act (Hendry et al. 2011, pp. 164–165; Lankau et al. 
2011, p. 320; Sgro et al. 2011, p. 326). Without genetic variation, the species cannot adapt and is 
more prone to extinction (Spielman et al. 2004, p. 15263; also see Text Box 1.1).   

Genetic variation that is adaptive is difficult to identify for a species and represents a significant 
challenge even when there is genetic information available. To denote variation as ‘adaptive’ we 
need to identify which loci are under selection, which traits those loci control, how those traits 
relate to fitness, and what the species’ evolutionary response to selection on those traits will be 
over time (Hendry et al. 2011, p. 162–163; Lankau et al. 2011, p. 316; Teplitsky et al. 2014, p. 
190). Although new genomic techniques are making it easier to obtain this type of information 
(see Funk et al. 2019), it is lacking for most species. Fortunately, there are several proxies that 
collectively can serve as indicators of potentially underlying adaptive genetic variation. One of 
the easiest proxies to measure is variation in biological traits (also described as phenotypic 
variation). Phenotypic variation, which on its own can be a mechanism for adapting to novel 
changes, can be due to underlying adaptive genetic variation (Crandall et al. 2000, p. 291; 
Forsman 2014, p. 304; Nicotra et al. 2015, p. 3). A second proxy for adaptive genetic variation is 
neutral genetic variation, which is usually the type of genetic data first reported in species-
specific genetic studies (see Text Box 1.2). A third, and more distant, proxy for adaptive genetic 
variation is disjunct or peripheral populations (Ruckelhaus et al. 2002, p. 322). These 
populations can be exposed to the extremes in habitat/ecological/climate conditions and thus 
harbor unique and potentially adaptive traits. Similarly, populations that occur across steep 
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xt Box. l . 2. Ge1utic ,di,1,ersitJ~-G enet:ic v ariat:i on can be p artit:i oned into two types: adaptive and 
neutral genetic diversity. Both types are important for preserving the adaptive capacity of a 
species (iMoritz 2002, p . 24-3), but in different ways. Genetic variation under sdection under]ies 
traits that are focaUy adaptive and that determine fitness(Ho]deregger et al . 2006, pp.80 1, 803; 
Lank au et al. 20 11, p. 316); thus,. :it is the vari ation that undetp:ins adaptive evolution (Sgro et al . 
20 l l , p . 328). This type of genetic variation is referred to as adaptivegeneticdivers:ity and 
determines the capacity for populations to exhibit an adaptive evofot:ionary resp onse to changing 
environmental oonrutions. Conv ersdy, n emral genetic variation refers to regions of the genome 
that have no known direct effect on fitness (i.e., seJectivdy neutral) and change over time due to 
non-determ:imstic p:roce55es]ike mutation and genetic dri ft (Sgro et al.20 11, p . 328). Al!though, 
by definition, neutra] genetic vari ation is not under selection, it contributes to the adaptive 
capacity of a .species in a coup]e ofways. First, neutral genetic variation that is statistic aUy 
neutral in one environment may be under sdection-and thus adaptive-in a different 
env:ironment(Nicotra et al 2015, p. 1271- 1272). Second, neutral markers can alfowus to infer 
evolutionary lineages, which is important bocan-sedistinct evolutionary lineages may harbor 
foca]!]y adaptive traits (Hendry et al 2011, p. 167), and hence. serve as an:ind:icator ofunder]ying 
adaptive genetic vari ation. Thus, maintaining the fu]] breadth of neutraJ and adaptive genetic 
diversity is important for preserving a species' adaptive capacity. 

environmental gradients can be indicators of underlying adaptive genetic diversity because local 
adaptation is driven by environmental conditions, which are continually changing at different 
rates and scales (Sgro et al. 2011, pp. 330, 333).   

Lastly, preserving a species’ adaptive capacity requires maintaining the processes that allow for 
evolution to occur; namely, natural selection and gene flow (Crandall et al. 2000, pp. 290– 
291; Zackay 2007, p. 1; Sgro et al. 2011, p. 327). Natural selection is the process by which 
heritable traits can become more (selected for) or less (not selected for) common in a population 
via differential survival or reproduction (Hendry et al. 2011, p. 169). To preserve natural 
selection as a functional evolutionary force, it is necessary to maintain populations across an 
array of environments (Shaffer and Stein 2000, p. 308; Hoffmann and Sgro 2011, p. 
484; Lankau et al. 2011, p. 320; Sgro et al. 2011, p. 332). Gene flow serves as an evolutionary 
process by introducing new alleles (variant forms of genes) into a population, thereby, increasing 
the gene pool size (genetic diversity). Maintaining the natural network of genetic connections 
between populations will foster and preserve the effectiveness of gene flow as an evolutionary 
process (Crandall et al. 2000, p. 293). Preserving genetic connections among populations along 
with maintaining large effective population sizes will minimize the loss of genetic variation due 
to genetic drift (Crandall et al. 2000, p. 293). Maintaining large population abundance also 
fosters adaptive capacity as the rate of evolutionary adaptation is faster in populations with high 
diversity, which is correlated with population size (Ofori et al. 2017, p.2).    

General Methods 

Below we describe our methods for assessing NLEB viability over time. Our approach entailed: 
1) describing the historical condition (abundance, health, and distribution of populations prior to 
2020), 2) describing the current condition (abundance, health, and distribution of populations in 
2020), 3) identifying the primary influences leading to the species’ current condition and 
projecting the future states (scope and magnitude) of these influences, 4) projecting the number, 
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health, and distribution of populations given the current and future states of the influences, and 
5) assessing the implications of the projected changes in the number, health, and distribution of 
populations for the species’ viability and extinction risk under both current and future conditions 
(Figure 1.1). We briefly explain these steps below and provide further details in Appendix 2. 
Because of the difficulty of delineating populations, we used winter colonies (hibernacula) to 
track the change in number, health, and distribution of populations over time. Henceforth, the 
terms populations, winter colonies, and hibernacula are used interchangeably. 

As is the case for all species status assessments, we do not have perfect information. Our analysis 
includes both aleatory (i.e., inherent, irreducible) and epistemic (i.e., ignorance, reducible) 
uncertainty that we address by developing a range of future scenarios and making reasonable 
assumptions based on the best available data. The key uncertainties and how we addressed these 
uncertainties are described in Appendix 1. 

Figure 1.1. Simplified conceptual diagram depicting the analytical framework for 
assessing bat viability over time given current and future conditions. 

Step 1. Historical Abundance, Health, and Distribution 

We reached out to partners (Tribal, Federal, State and other) across the range to garner all 
relevant and available data. The majority of these data were collected by State agencies and are 
now maintained in the North American Bat Monitoring Program (NABat) database, unless 
otherwise requested by the data contributor or data was not in a format compatible with NABat. 
Using this information, we compiled a list of all known hibernacula and associated yearly winter 
counts (NABat 2021). Winter counts are conducted as internal surveys of caves, mines, tunnels, 
culverts and other accessible subterranean habitats. Winter counts are conducted in mid to late 
winter when bats are expected to be less likely to move between hibernacula and prior to spring 
emergence. Colony counts in hibernacula provide the best estimate of species abundance 
consistently available for NLEB. Colony count data represent the largest amount (geographic 
and in amount of survey) of abundance data throughout the range of the species. Because not all 
hibernacula are known and accessible, we assume that hibernacula for which data are available 
are representative of all known and unknown hibernacula for the species. Additionally, to 
provide a non-model approach, we calculated historical abundances by summing the observed 
counts within each year. To account for missing data, we applied the last observed count. We 
refer to this third approach as “constant interpolation.” 
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We measured population health as abundance within hibernacula (N) and population trend (λ). 
To estimate historical N and λ, we relied upon analyses completed by Wiens et al. (2022. pp. 
231–233). Using a linear mixed effects model (henceforth, status and trends model), Wiens et al. 
(2022) estimated the yearly population abundance (N) from 1990 to 2020. From these yearly 
abundances, λ was estimated over time for each hibernaculum. For sites with insufficient data 
points, λ values were applied from the nearest neighbor (see Appendix 2). To capture uncertainty 
in the year of arrival of Pseudogymnoascus destructans (Pd), we calculated yearly abundance 
trajectories under two different Pd-occurrence models (Wiens et al. 2022, pp. 226–229 and 
Hefley et al. 2020, entire). Additionally, to provide a non-model approach, we calculated 
historical abundances by summing the observed counts within each year. To account for missing 
data, we applied the last observed count. We refer to this third approach as “constant 
interpolation.” 

Step 2. Describe Current Abundance, Health, and Distribution 

To estimate current conditions, we relied upon analyses completed by Wiens et al. (2022, p. 
215–251) as described above. Additionally, because bats occupying a given hibernaculum 
disperse to many different locations on the summer landscape and because colony estimates are 
not available for all hibernacula, we also relied upon the results from USGS-led analyses of 
available summer capture records and acoustic records to garner insights on population trends at 
regional scales (see Summer Data Analyses subsection below).  

Step 3. Identify the Primary Drivers (Influences) 

We reviewed the available literature and sought out expert input to identify both the negative 
(threats) and positive (conservation efforts) drivers of population numbers. We identified white-
nose syndrome (WNS), wind related mortality, habitat loss, and climate change as the primary 
drivers in NLEB abundance.   

We qualitatively assessed the scope, severity, and impact of the four stressors using an approach 
adapted from Master et al. (2012, pp. 28–35) to allow a comparison between influences. For each 
influence, we assigned a scope, severity, and impact level for both current and future states. The 
criteria used to assign levels are shown in Figure 1.2.  
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SCOPE (% of population decline) 
(% of range) Slight Moderate Serious Extieme 

1-10% 11-30% 31-70% 71 -100% 
Small (1 -10%) Low Low Low Low 
Restricted (11 -30%) Low Low Medium Medium 
Large (31-70%) Low Medium High High 
Pervasive (71 -100%) Low Medium High Very High 

Figure 1.2. Comparative threat assessment criteria and definitions (adapted from Master 
et al. 2012). 

For WNS and wind related impacts, we quantitatively modeled the current and future severity of 
these stressors. We used an existing demographic population model (BatTool, Erickson et al. 
2014) to estimate the impacts (severity) from WNS and wind related mortality (described 
below). 

To assess the impact of WNS and wind related mortality into the future, we used published data, 
expert knowledge, and professional judgment to form plausible future scenarios. To capture the 
uncertainty in our future state projections, we identified plausible upper and lower bound 
changes for each influence. The lower and upper bounds for each influence were then combined 
to create composite plausible “lower” and “upper” impact scenarios. The future scenarios are 
described in Chapter 4.  

To calculate the impact of WNS, Wiens et al. (2022, pp. 231–247) derived the yearly effects of 
WNS, referred to as “WNS impacts schedule” from winter counts at sites upon WNS arrival (see 
Appendix 2 for further detail). Based on current information, we do not foresee a scenario in 
which Pd is eradicated from sites, and thus, we expect the fungus will continue to cause 
disease in populations even as some individuals exhibit resistance or tolerance to it. Thus, we set 
the duration of impacts to 40 years (i.e., the time throughout which WNS will affect survival in 
the population). However, to understand the sensitivity of the results to the duration of disease 
dynamic and to fully capture the uncertainty, we also incorporated a shorter disease 
dynamic duration. Based on current data (i.e., data from caves documented with WNS in 2008 
continue to show continued impacts of disease through 2021, 14-years), 15 years is the shortest 
duration WNS would affect a population after Pd arrives. Thus, our lower impact scenario 
assumes a 15-year impact duration (i.e., no further WNS impacts after year 15 since Pd arrival) 
and high impact scenario assumes a 40-year impact duration (i.e., the last and least severe WNS 
disease stage carries through to 2060) (see Appendix 5 for further detail). 

To calculate the impact from wind related mortality, we estimated species-specific wind fatality 
rates as: 

NLEB per MW fat rate = Bfat * %Sp 

Where Bfat is the all-bat fatality rate per megawatt (MW) and %Sp is the species-specific percent 
composition of fatalities reported (see Appendix 2 for further details of how Bfat and %Sp were 
calculated). 
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Step 4. Project the Number, Health, and Distribution of Populations Under Current and 
Future Influences 

To project future abundance and trend given current and future state conditions for WNS and 
wind, we used the population model, BatTool (updated with NLEB-specific demographic 
values). In sum, the BatTool projects hibernaculum abundance over time given starting 
abundance (N), trend (λ), environmental stochasticity, WNS stage, annual WNS impacts 
schedule, and annual wind mortality as specified by the wind capacity scenarios. Starting 
abundance (N) and trend (λ) were derived from Step 2 above. We projected abundance through 
2060 to capture the colony response to the 2050 wind energy build-out. Given the species' 
generation time is 5–7 years, 10 years is sufficient to discern the impacts of the annual mortality 
levels associated with the 2050 wind capacity build-out. 

Using these projected abundance estimates, we calculated various hibernaculum-level and 
Representation Unit (RPU) metrics to describe the species’ historical, current, and future 
condition (number, health, and distribution of populations) given current and future influences. 
The results are summarized in chapters 3, 4, and 6. RPUs are further described in Chapter 2.   

Step 5. Assess the Current and Future Viability 

We evaluated how the change in the number, health, and distribution of populations from 
historical to present to future influences NLEB’s ability to withstand stochastic events, 
catastrophes, and novel changes in its environment, i.e., the 3Rs over time. Specifically, we used 
the change in the abundance and distribution of winter colonies over time--to evaluate NLEB’s 
resiliency to stochasticity, disturbances, and stressors. To assess redundancy, we qualitatively 
assessed how the current and projected abundance and distribution of colonies affect the risk of 
catastrophic losses due to extreme weather eventsand epizootics.. To assess NLEB’s ability to 
adapt to novel changes in its physical and biological environment, we characterized NLEB 
adaptability relative to 12 recognized core adaptive capacity attributes (Thurman et al. 2020, 
entire) and assessed the likelihood of maintaining colonies across the breadth of adaptive 
diversity given geographic-specific influences and vulnerability to catastrophic events (Appendix 
2).  

Summary of NABat Data Sources 

Our analyses relied on existing information and upon the data and analyses conducted by NABat. 
Wiens et al. (2022, entire) provided estimates of past, current, and future abundance based on 
available winter count data (NABat 2021; accessed February 10, 2021). Deeley and Ford (2022, 
entire), Stratton and Irvine (2022, entire), and Whitby et al. (2022, entire), provided estimates of 
population trend since Pd arrival based on available summer data (NABat 2020; accessed 
November 18, 2020). Udell et al. (2022, entire) estimated hibernaculum-specific wind energy 
mortality estimates. How we used these data are briefly described in Table 1.1, with more detail 
in Appendix 2. A conceptual model of the BatTool is provided in Figure 1.3. Using Wiens et al. 
(2022, entire) data, we calculated summary statistics at rangewide and RPU scales over time. For 
ease of reading, we do not cite the source of the data within the text of Chapters 3–7. In several 
cases, contributed data could not be utilized in these range-wide analyses due to incompatibility 
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with the database structure of NABat or infeasibility of transferring data files, e.g., New York 
State Department of Environmental Conservation acoustic data. In these cases, we reviewed any 
data summaries and analyses provided by the contributing partner and assessed them alongside 
analyses from NABat. 

Table 1.1. NABat analyses used in the SSA analyses. Steps refer to the 5 steps of our 
analytical approach. 

Citation Data/Analyses Step in Analytical Chapter 
Process 

Cheng et al. 2021 

Cheng et al. 2022 

Deeley and Ford 2022 

Stratton and Irvine 
2022 

Whitby et al. 2022 

Udell et al. 2022 

Wiens et al. 2022 pp. 
231–247 

Hefley et al. 2020 

Wiens et al. 2022, pp. 
226–229 

Wiens et al. 2022, pp. 
236–247 

Impacts of WNS 

Winter colony count 
analysis 
Rangewide analysis of 
summer capture rates 
from 1999–2019 
Rangewide change in 
occupancy from 2010 – 
2019 based on summer 
acoustic & mist-net 
data 
Rangewide analysis of 
relative abundance 
based on summer 
mobile acoustic data 
from 2009 – 2019 
Estimated wind related 
bat mortality & 
allocation to known 
hibernacula 
Status & trends linear 
effects model using 
winter colony count 
data 

Pd-occurrence model 2 

Pd-occurrence model 1 

Future projections of N 
via BatTool 

Step 3: past WNS 
impacts 
Step 3: past WNS 
impacts 
Step 2 - Current 
conditions 

Step 2 - Current 
conditions 
Step 3 – Characterize 
impact of wind 

Step 2 - Current 
conditions 
Step 3 – Characterize 
impact of wind 

Step 3. Define future 
scenarios for wind 
energy mortality 

Steps 1 & 2 Historical 
& current abundance 
(N) and population 
trend (λ) over time 
Step 3 past WNS 
impacts, construct 
WNS impacts schedule 
Steps 1 & 2 – feeds into 
status & trends model; 
Step 3 – define future 
low impact scenario for 
Pd-spread 
Steps 1 & 2 – feeds into 
status & trends model; 
Step 3 – define future 
high impact scenario 
for Pd-spread 
Step 4. Project 
abundance over time 

Chapter 4 

Chapter 4 

Chapter 5 

Chapter 5 
Chapter 4 

Chapter 5 
Chapter 4 

Chapter 4 

Chapter 3 

Chapters 4, 5 

NA 

Chapter 4 

NA 

Chapter 4 

Chapters 5, 6 
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Figure 1.3. A conceptual diagram showing where the NABat data sources are used in our analytical process. 

Figure 1.3. BatTool conceptual model. Top (blue boxes): raw data (winter colony) feeds into the status and trends model, which outputs current 
colony size (N) and population trend (λ) values to input into the BatTool. Middle (pink boxes): 2 Pd occurrence models give Pd year of arrival, 
which is used in both the status and trends model and BatTool. Middle (peach boxes): SSA core team derived WNS annual impacts schedule, 
which feeds into the BatTool as decreases in adult winter survival. Bottom (green boxes): SSA core team calculated species-specific bat fatality 
per MW and USGS projected allocation of this mortality are used to project colony specific mortality over time, which feeds into the BatTool as 
direct loss of adult females. Far right boxes (gray boxes): projected abundance (N) over time is the output, which is used to calculate colony and 
RPU level statistics, e.g., λ, number of extant sites, etc. 
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CHAPTER 2 – SPECIES ECOLOGY AND NEEDS 

Taxonomy and Genetics 

NLEB belongs to the order Chiroptera, family Vespertilionidae, subfamily Vespertilioninae, 
genus Myotis, and subgenus Myotis (Caceres and Barclay 2000, p. 1). The NLEB was first 
considered a subspecies of Keen’s long-eared myotis (Myotis keenii) (Fitch and Schump 1979, p. 
1), but was recognized as a distinct species by van Zyll de Jong in 1979 (1979, p. 993), based on 
geographic separation and difference in morphology (as cited in Nagorsen and Brigham 1993, p. 
87; Caceres and Pybus 1997 p. 1; Whitaker and Hamilton 1998, p. 99;Caceres and Barclay 2000, 
p. 1; Simmons 2005, p. 516; Whitaker and Mumford 2009, p. 207), and more recently 
genetically by Platt et al. (2018, p. 239). The NLEB is currently considered a monotypic species, 
with no subspecies described for this species (van Zyll de Jong 1985, p. 94; Nagorsen and 
Brigham 1993, p. 90;; Caceres and Barclay 2000, p. 1; Whitaker and Mumford 2009, p. 214; 
USFWS 2015, p. 17975).   

Although there have been few wide-ranging genetic studies on this species, information collected 
to date indicates the species to be panmictic (random mating within a population). Johnson et al. 
(2014, entire) assessed nuclear genetic diversity at one site in New York and several sites in 
West Virginia, and found little evidence of population structure in NLEBs at watershed or 
regional scales. In addition, studies conducted in Ohio, Nova Scotia and Quebec, Canada, and 
Kentucky showed variation in NLEB haplotypes at local levels; however, these studies also 
indicated relatively low levels of overall genetic differentiation between groups and high levels 
of diversity overall (Arnold 2007, p. 157, Johnson et al. 2015, p. 12; Olivera-Hyde et al. 2020, 
p.729).  

This species has been recognized by different common names, such as: Keen’s bat (Whitaker 
and Hamilton 1998, p. 99), northern myotis (Nagorsen and Brigham 1993, p. 87; Whitaker and 
Mumford 2009, p. 207), and the northern bat (Foster and Kurta 1999, p. 660). For purposes of 
this SSA, we recognize it as a listable entity under the ESA (USFWS 2015, p. 17975).  

Species Description 

NLEB’s adult body weight averages 5 to 8 grams (g) (0.2 to 0.3 ounces), with females tending to 
be slightly larger than males (Caceres and Pybus 1997, p. 3). Average body length ranges from 
77 to 95 millimeters (mm) (3.0 to 3.7 inches [in]), tail length between 35 and 42 mm (1.3 to 1.6 
in), forearm length between 34 and 38 mm (1.3 to 1.5 in), and wingspread between 228 and 258 
mm (8.9 to 10.2 in) (Barbour and Davis 1969, p. 76; Caceres and Barclay 2000, p. 1). Pelage 
(fur) colors include medium to dark brown on its back; dark brown, but not black, ears and wing 
membranes; and tawny to pale-brown fur on the ventral side (Nagorsen and Brigham 1993, p. 
87; Whitaker and Mumford 2009, p. 207). As indicated by its common name, the NLEB is 
distinguished from other Myotis species by its relatively long ears (average 17 mm (0.7 in); 
Whitaker and Mumford 2009, p. 207) that, when laid forward, extend beyond the nose up to 5 
mm (0.2 in; Caceres and Barclay 2000, p. 1; Figure 2.1). The tragus (projection of skin in front 
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of the external ear) is long (average 9 mm [0.4 in]; Whitaker and Mumford 2009, p. 207), 
pointed, and symmetrical (Nagorsen and Brigham 1993, p. 87; Whitaker and Mumford 2009, p. 
207). There is an occasional tendency for the NLEB to exhibit a slight keel on the calcar (spur of 
cartilage arising from inner side of ankle; Nagorsen and Brigham 1993, p. 87). This can add 
some uncertainty in distinguishing NLEBs from other sympatric Myotis species (Lacki 2013, in 
litt.). Within its range, the NLEB can be confused with the little brown bat (Myotis lucifugus) or 
the western long-eared myotis (Myotis evotis). The NLEB can be distinguished from the little 
brown bat by its longer ears, tapered and symmetrical tragus, slightly longer tail, and less glossy 
pelage (Caceres and Barclay 2000, p. 1; Kurta 2013, in litt.). The NLEB can be distinguished 
from the western long-eared myotis by its darker pelage and paler membranes (Caceres and 
Barclay 2000, p. 1). 

Figure 2.1. Hibernating NLEB. Photo credit: Al Hicks, New York Department of 
Environmental Conservation (retired). 
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Species Distribution 

NLEB’s range includes much of the eastern and north-central U.S., and all Canadian provinces 
west to the southern Yukon Territory and eastern British Columbia (Nagorsen and Brigham 
1993, p. 89; Caceres and Pybus 1997, p. 1; Environment Yukon 2011, p. 10) (Figure 2.22). In the 
U.S., the species’ range reaches from Maine west to Montana, south to eastern Kansas, eastern 
Oklahoma, Arkansas, and east to South Carolina (Whitaker and Hamilton 1998, p. 99; Caceres 
and Barclay 2000, p. 2; Simmons 2005, p. 516; Amelon and Burhans 2006, pp. 71–72). The 
species’ range includes all or portions of the following 37 states and the District of Columbia: 
Alabama, Arkansas, Connecticut, Delaware, Georgia, Illinois, Indiana, Iowa, Kansas, Kentucky, 
Louisiana, Maine, Maryland, Massachusetts, Michigan, Minnesota, Mississippi, Missouri, 
Montana, Nebraska, New Hampshire, New Jersey, New York, North Carolina, North Dakota, 
Ohio, Oklahoma, Pennsylvania, Rhode Island, South Carolina, South Dakota, Tennessee, 
Vermont, Virginia, West Virginia, Wisconsin, and Wyoming. 

Figure 2.2. Range map for NLEB 

2 The range map was developed using the USFWS’s NLEB range map for the U.S. in combination with IUCN’s 
map for Canada (https://www.iucnredlist.org/species/14201/22064312). USFWS maintains a range map using 
known locations of NLEB. The range boundary is updated as new information is received and can be found here: 
https://www.fws.gov/Midwest/Endangered/mammals/nleb/nlebRangeMap.html. 
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Individual Needs and Ecology 

Below we describe the life history and ecological needs for NLEB individuals to survive and 
reproduce; ecological needs are summarized in Table 2.1. The generalized annual life history is 
summarized for NLEB in Figure 2.3. 

Swarming (Fall) 

The swarming season occurs between the summer and winter seasons (Lowe 2012, p. 50) and the 
purpose of swarming behavior may include: introduction of juveniles to potential hibernacula, 
copulation, and stopping over sites on migratory pathways between summer and winter regions 
(Kurta et al. 1997, p. 479; Parsons et al. 2003, p. 64; Lowe 2012, p. 51; Randall and Broders 
2014, pp. 109–110). During this period, heightened activity and congregation of transient bats 
around caves and mines is observed, followed later by increased sexual activity and bouts of 
torpor prior to winter hibernation (Davis and Hitchcock 1965, pp. 304–306; Fenton 1969, p. 601; 
Parsons et al. 2003, pp. 63–64). For the NLEB, the swarming period may occur between July and 
early October, depending on latitude within the species’ range (Hall and Brenner 1968, p. 780; 
Fenton 1969, p. 598; Caire et al. 1979, p. 405; Kurta et al. 1997, p. 479; Lowe 2012, p. 86;). The 
NLEB may investigate several cave or mine openings during the transient portion of the 
swarming period, and some individuals may use these areas as temporary daytime roosts or may 
roost in forest habitat adjacent to these sites (Kurta et al. 1997, pp. 479, 483; Lowe 2012, p. 51). 
Many of the caves and mines associated with swarming are also used as hibernacula for several 
species of bats, including the NLEB (Fenton 1969, p. 599; Whitaker and Rissler 1992, p. 132; 
Kurta et al. 1997, p. 484; Glover and Altringham 2008, p. 1498; Randall and Broders 2014, p. 
109). 

Winter Hibernation 

NLEBs are thought to predominantly overwinter in hibernacula that include caves and 
abandoned mines. These hibernacula have relatively constant, cooler temperatures (0 to 9 
degrees Celsius [°C] or 32 to 48 degrees Fahrenheit [°F]) (Raesly and Gates 1987, p. 18; Caceres 
and Pybus 1997, p. 2; Brack 2007, p. 744), with high humidity and no strong currents (Fitch and 
Shump 1979, p. 2; van Zyll de Jong 1985, p. 94; Raesly and Gates 1987, p. 118; Caceres and 
Pybus 1997, p. 2). NLEBs are typically found roosting singly or in small numbers in cave or 
mine walls or ceilings, often in small crevices or cracks, sometimes with only the nose and ears 
visible and thus are easily overlooked during surveys (Griffin 1940a, pp. 181–182; Barbour and 
Davis 1969, p. 77; Caire et al. 1979, p. 405; van Zyll de Jong 1985, p. 9; Caceres and Pybus 
1997, p. 2; Whitaker and Mumford 2009, pp. 209–210).  

NLEBs have also been observed overwintering in other types of habitat that have similar 
conditions (e.g., temperature, humidity levels, air flow) to cave or mine hibernacula. The species 
may use these alternate hibernacula in areas where caves or mines are not present (Griffin 1945, 
p. 22). NLEBs have been found using the following alternative hibernacula: abandoned railroad 
tunnels (USFWS 2015, p. 17977), the entrance of a storm sewer in central Minnesota (Goehring 
1954, p. 435), a hydroelectric dam facility in Michigan (Kurta et al. 1997, p. 478), an aqueduct in 
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Massachusetts (Massachusetts Department of Fish and Game 2012, unpublished data), a dry well 
in Massachusetts (Griffin 1945, p. 22). More recently, NLEBs were found in a crawl space 
within a dwelling in Massachusetts (Dowling and O'Dell 2018, p. 376) and a rock crevice in 
Nebraska (White et al. 2020, p. 114). Further, Girder et al. (2016, p. 11) found NLEB to be 
present and active year round on the coastal plain of North Carolina, where there is no known 
non-cavernicolous (cave-like) hibernacula; therefore, it is possible this population was not 
(traditionally) hibernating. Also, in coastal North Carolina, NLEB were observed to be active the 
majority of the winter, and although torpor was observed, time spent in torpor was very short 
with the longest torpor bout (i.e., hibernation period) for each bat averaging 6.8 days (Jordan 
2020, p. 672). 

Summer Roosting 

Roosting habitat–NLEBs typically roost singly or in maternity colonies underneath bark or more 
often in cavities or crevices of both live trees and snags (Sasse and Pekins 1996, p. 95; Foster 
and Kurta 1999, p. 662; Owen et al. 2002, p. 2; Carter and Feldhamer 2005, p. 262; Perry and 
Thill 2007, p. 222; Timpone et al. 2010, p. 119). Males’ and non-reproductive females’ summer 
roost sites may also include cooler locations, including caves and mines (Barbour and Davis 
1969, p. 77; Amelon and Burhans 2006, p. 72). Studies have documented the NLEB’s selection 
of both live trees and snags (Sasse and Pekins 1996, p. 95; Foster and Kurta 1999, p. 668; Lacki 
and Schwierjohann 2001, p. 484; Menzel et al. 2002, p. 107; Carter and Feldhamer 2005, p. 262; 
Perry and Thill 2007, p. 224; Timpone et al. 2010, p. 118). NLEBs are flexible in tree species 
selection and while they may select for certain tree species regionally, likely are not dependent 
on certain species of trees for roosts throughout their range; rather, many tree species that form 
suitable cavities or retain bark will be used by the bats opportunistically (Foster and Kurta 1999, 
p. 668; Silvis et al. 2016, p. 12; Hyzy 2020, p. 62). Carter and Feldhamer (2005, p. 265) 
hypothesized that structural complexity of habitat or available roosting resources are more 
important factors than the actual tree species. Further, Silvis et al. (2012, p. 7) found forest 
successional patterns, stand and tree structure to be more crucial than tree species in creating and 
maintaining suitable long-term roosting opportunities. To a lesser extent, NLEBs have also been 
observed roosting in colonies in human-made structures, such as in buildings, in barns, on utility 
poles, behind window shutters, in bridges, and in bat houses (Mumford and Cope 1964, p. 72; 
Barbour and Davis 1969, p. 77; Cope and Humphrey 1972, p. 9; Burke 1999, pp. 77–78; Sparks 
et al. 2004, p. 94; Amelon and Burhans 2006, p. 72; Whitaker and Mumford 2009, p. 209; 
Timpone et al. 2010, p. 119; Bohrman and Fecske 2013, pp. 37, 74; ; Feldhamer et al. 2003, p. 
109; Sasse et al. 2014, p. 172; USFWS 2015, p. 17984; Dowling and O'Dell 2018, p. 376). It has 
been hypothesized that use of human-made structures may occur in areas with fewer suitable 
roost trees (Henderson and Broders 2008, p. 960; Dowling and O'Dell 2018, p. 376). In north-
central West Virginia, NLEBs were found to more readily use artificial roosts as distance from 
large forests (greater than 200 hectares [494 acres]) increased, suggesting that artificial roosts are 
less likely to be selected when there is greater availability of suitable roost trees (De La Cruz et 
al. 2018, p. 496).   
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Roosting behavior–Maternity colonies, consisting of females and young, are generally small, 
numbering from about 30 (Whitaker and Mumford 2009, p. 212) to 60 individuals (Caceres and 
Barclay 2000, p. 3); however, larger colonies of up to 100 adult females have been observed 
(Whitaker and Mumford 2009, p. 212). Most studies have found that the number of individuals 
roosting together in a given roost typically decreases from pregnancy to post-lactation (Foster 
and Kurta 1999, p. 667; Lacki and Schwierjohann 2001, p. 485; Garroway and Broders 2007, p. 
962; Perry and Thill 2007, p. 224; Johnson et al. 2012, p. 227). NLEBs exhibit fission-fusion 
behavior (Garroway and Broders 2007, p. 961), where members frequently coalesce to form a 
group (fusion), but composition of the group is in flux, with individuals frequently departing to 
be solitary or to form smaller groups (fission) before returning to the main spatially discrete unit 
or network (Barclay and Kurta 2007, p. 44). As part of this behavior, NLEBs switch tree roosts 
often (Sasse and Pekins 1996, p. 95), typically every 2 to 3 days (Foster and Kurta 1999, p. 665; 
Owen et al. 2002, p. 2; Carter and Feldhamer 2005, p. 261; Timpone et al. 2010, p. 119). 
Patriquin et al. (2016, p. 55) found that NLEB roost switching and use varies regionally in 
response to differences in ambient conditions (e.g., precipitation, temperature). Adult females 
give birth to a single pup (Barbour and Davis 1969, p. 104). Birthing within the colony tends to 
be synchronous, with the majority of births occurring around the same time (Krochmal and 
Sparks 2007, p. 654). Parturition (birth) may occur as early as late May or early June (Easterla 
1968, p. 770; Caire et al. 1979, p. 406; Whitaker and Mumford 2009, p. 213) and may occur as 
late as mid-July (Whitaker and Mumford 2009, p. 213). Juvenile volancy (flight) often occurs by 
21 days after birth (Kunz 1971, p. 480; Krochmal and Sparks 2007, p. 651) and has been 
documented as early as 18 days after birth (Krochmal and Sparks 2007, p. 651). 

Foraging (Spring, Summer, Fall) 

Diet–NLEBs are nocturnal foragers and use hawking (catching insects in flight) and gleaning 
(picking insects from surfaces) behaviors in conjunction with passive acoustic cues (Nagorsen 
and Brigham 1993, p. 88; Ratcliffe and Dawson 2003, p. 851). The NLEB has a diverse diet 
including moths, flies, leafhoppers, caddisflies, and beetles (Griffith and Gates 1985, p. 452; 
Nagorsen and Brigham 1993, p. 88; Brack and Whitaker 2001, p. 207), with diet composition 
differing geographically and seasonally (Brack and Whitaker 2001, p. 208). The most common 
insects found in the diets of NLEBs are lepidopterans (moths) and coleopterans (beetles) (Brack 
and Whitaker 2001, p. 207; Lee and McCracken 2004, pp. 595–596; Feldhamer et al. 2009, p. 
45; Dodd et al. 2012, p. 1122), with arachnids also being a common prey item (Feldhamer et al. 
2009, p. 45).  

Foraging behavior–Most foraging occurs above the understory, 1 to 3 m (3 to 10 ft) above the 
ground, but under the canopy (Nagorsen and Brigham 1993, p. 88) on forested hillsides and 
ridges, rather than along riparian areas (LaVal et al. 1977, p. 594; Brack and Whitaker 2001, p. 
207). This coincides with data indicating that mature forests are an important habitat type for 
foraging NLEBs (Caceres and Pybus 1997, p. 2; White et al. 2017, p. 8). Foraging also takes 
place over small forest clearings and water, and along roads (van Zyll de Jong 1985, p. 94). 
NLEB seem to prefer intact mixed-type forests with small gaps (i.e., forest trails, small roads, or 
forest-covered creeks) in forest with sparse or medium vegetation for forage and travel rather 
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than fragmented habitat or areas that have been clear cut (USFWS 2015, p. 17992). Foraging 
patterns indicate a peak activity period within 5 hours after sunset followed by a secondary peak 
within 8 hours after sunset (Kunz 1973, pp. 18–19). Brack and Whitaker (2001, p. 207) did not 
find significant differences in the overall diet of NLEBs between morning (3 a.m. to dawn) and 
evening (dusk to midnight) feedings; however there were some differences in the consumption of 
particular prey orders between morning and evening feedings. Additionally, no significant 
differences existed in dietary diversity values between age classes or sex groups (Brack and 
Whitaker 2001, p. 208). 

Staging (Spring) 

Spring staging for the NLEB is the time period between winter hibernation and spring migration 
to summer habitat (Whitaker and Hamilton 1998, p. 80). During this time, bats begin to 
gradually emerge from hibernation, exit the hibernacula to feed, but re-enter the same or 
alternative hibernacula to resume daily bouts of torpor (state of mental or physical inactivity) 
(Whitaker and Hamilton 1998, p. 80). The staging period for the NLEB is likely short in duration 
(Caire et al. 1979, p. 405; Whitaker and Hamilton 1998, p. 80). In Missouri, Caire et al. (1979, p. 
405) found that NLEBs moved into the staging period in mid-March through early May. Sasse et 
al. (2014, p. 172) found pregnant NLEB using a mine in late April and May in Arkansas. In 
Michigan, Kurta et al. (1997, p. 478) determined that by early May, two-thirds of the Myotis 
species, including the NLEB, had dispersed to summer habitat. Variation in timing (onset and 
duration) of staging for Indiana bats (Myotis sodalis) was based on latitude and weather (USFWS 
2007, pp. 39–40, 42); similarly, timing of staging for NLEBs is likely based on these same 
factors. 

Migration (Spring and Fall) 

While information is lacking, short regional migratory movements between seasonal habitats 
(summer roosts and winter hibernacula) of 56 kilometer (km) (35 mi) to 89 km (55 mi) have 
been documented (Griffin 1940b, pp. 235, 236; Caire et al. 1979, p. 404; Nagorsen and Brigham 
1993 p. 88). The spring migration period typically runs from mid-March to mid-May (Easterla 
1968, p. 770; Caire et al. 1979, p. 404; Whitaker and Mumford 2009, p. 207); fall migration 
typically occurs between mid-August and mid-October. 
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Figure 2.3. Generalized annual life history diagram for NLEB (adapted from 
Silvis et al. 2016, p. 1). 
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Table 2.1. The ecological requisites for survival and reproductive success of individuals. 

LIFE STAGE SEASON 
Spring Summer Fall Winter 

Pups Roosting habitat with suitable 
conditions for lactating females, 
and for pups to stay warm and 
protected from predators while 
adults are foraging. 

Juveniles Other maternity colony members 
(colony dynamics, 
thermoregulation); Suitable 
roosting and foraging habitat 
near abundant food and water 
resources. 

Suitable 
roosting and 
foraging 
habitat near 
abundant food 
and water 
resources. 

Habitat 
with 
suitable 
conditions 
for 
prolonged 
bouts of 
torpor and 
shortened 
periods of 
arousal. 

All Adults Suitable roosting 
and foraging 
habitat near 
abundant food 
and water 
resources. Habitat 
connectivity and 
open air space for 
safe migration 
between winter 
and summer 
habitats. 

Summer roosts and foraging 
habitat near abundant food and 
water resources. 

Suitable 
roosting and 
foraging 
habitat near 
abundant food 
and water 
resources; 
Cave and/or 
mine 
entrances (or 
other similar 
locations, e.g., 
culvert, 
tunnel) for 
conspecifics 
to swarm and 
mate; Habitat 
connectivity 
and open air 
space for safe 
migration 
between 
winter and 
summer 
habitats. 

Habitat 
with 
suitable 
conditions 
for 
prolonged 
bouts of 
torpor and 
shortened 
periods of 
arousal. 

Reproductive 
Females 

Other maternity colony members 
(colony dynamics); Network of 
suitable roosts (i.e., 
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LIFE STAGE SEASON 
multiple summer roosts in close 
proximity) near conspecifics and 
foraging habitat near abundant 
food and water resources. 

Population-level Needs 

To be self-sustaining, a population must be demographically, genetically, and physically healthy 
(see Redford et al. 2011, entire). Demographically healthy means having robust survival, 
reproductive, and growth rates. Genetically healthy populations have large effective population 
sizes (Ne), high heterozygosity, and gene flow between populations. Physically healthy means 
individuals have good body condition. The population-level ecological requirements of a healthy 
NLEB population are discussed further below and summarized in (Figure 2.4 and Table 2.2). 

Similar to other temperate bat species, NLEB hibernation conditions, prey availability, summer 
roosting habitat, and connectivity between habitats influence population growth rates and 
reproduction rates (Figure 2.4). For NLEB populations to be demographically healthy, their 
growth rate (lambda, or λ) must be sufficient to withstand natural environmental fluctuations. For 
a population to remain stable (or increasing) over time, λ must be greater than or equal to one. 
Although variations to summer and winter habitat conditions may result in lower demographic 
health of a population, NLEB does not generally experience extreme variation in demographics 
year-to-year due to their selection of summer and winter habitat with narrow microclimate 
conditions (see Individual-Level Ecology and Requirements). During favorable hibernation and 
summer habitat conditions, NLEB survival and therefore reproductive rates are greater 
(increasing λ); conversely, when environmental conditions are unfavorable, survival and 
reproductive rates are lower (decreasing λ).     

To support a strong growth rate, NLEB populations benefit from large population sizes and 
sufficient quality and quantity of habitat to accommodate all life stages. Large effective 
population size is crucial in maintaining genetic health along with and withstanding 
environmental variability. Habitat requirements for NLEB are described under Individual-level 
Ecology and Needs. The necessary quantity of habitat is likely to vary among populations, but 
will likely hinge on the availability of roosting habitat in the summer and suitable hibernacula in 
the winter. Research has found the minimum summer roost area (i.e., area encompassing all 
known roost locations) for individual female NLEB ranges between 5.4 hectares and 26 hectares 
(13 acres and 65 acres), but most studies found the summer roost area to be leaning toward the 
smaller end of the range (Owen et al. 2003, p. 353; Broders et al. 2006, p. 1177; Badin 2014, p. 
75). 

To support all life stages, NLEB populations require a matrix of interconnected habitats that 
support spring migration, summer maternity colony formation and foraging, fall swarming, and 
winter hibernation. For these populations, movement among habitats is needed to maintain 
genetic diversity and to allow recolonization in the event of local extirpation. NLEB may migrate 
short distances between seasonal habitats (summer roosts and winter hibernacula) between 56 
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km (35 mi) and 89 km (55 mi), as previously mentioned (Griffin 1940b, pp. 235, 236; Caire et al. 
1979, p. 404; Nagorsen and Brigham 1993 p. 88). There is evidence that NLEBs have an affinity 
for less fragmented habitat (interior forest) (Broders et al,. 2006, p. 1181; Henderson et al. 2008, 
p. 1825). Therefore, increased fragmentation may negatively impact connectivity between 
summer and winter habitat and between roosting and foraging habitat. 

Figure 2.4. Conceptual model showing the connections between resource needs and the 
physiological needs and demographic rates of a NLEB population (population-level 
resiliency). 

Table 2.2. Population level requirements for a healthy population. 

Parameter  Requirements 
Population growth rate, λ At a minimum, λ must be ≥1 for a population 

to remain stable over time. 
Population size, N Sufficiently large N to allow for essential 

colony dynamics and to be resilient to 
environmental fluctuations. 

Winter roosting habitat Safe and stable winter roosting sites with 
suitable microclimates. 

Migration habitat Safe space to migrate between spring/fall 
habitat and winter roost sites. 

Spring and fall roosting, foraging, and 
commuting habitat 

A matrix of habitat of sufficient quality and 
quantity to support bats as they exit 
hibernation (lowest body condition) or as they 
enter into hibernation (need to put on body 
fat). 

Summer roosting, foraging, and commuting 
habitat 

A matrix of habitat of sufficient quality and 
quantity to support maternity colonies.  
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Species-level Needs 

The ecological requisites at the species level include having a sufficient number and distribution 
of healthy populations to ensure NLEB can withstand annual variation in its environment 
(resiliency), catastrophes (redundancy), and novel or extraordinary changes in its environment 
(representation). We describe NLEB’s requirements for resiliency, redundancy, and 
representation below, and summarize the key aspects in Table 2.3. 

Resiliency 

NLEB’s ability to withstand stochastic events requires maintaining healthy populations across 
spatially heterogeneous conditions. Healthy populations-- demographically, genetically, or 
physically robust--are more likely to withstand and recover from environmental and 
demographic variability and stochastic perturbations. The greater the number of healthy 
populations, the more likely NLEB will withstand perturbations and natural variation, and hence, 
have greater resiliency. Additionally, occupying a diversity of environmental conditions and 
being widely distributed helps guard against populations fluctuating in synchrony (i.e., being 
exposed to adverse conditions concurrently). Asynchronous dynamics among populations 
minimizes the chances of concurrent losses, and thus, provides species’ resiliency. Lastly, 
maintaining the natural patterns and levels of connectivity between populations also contributes 
to NLEB resiliency by facilitating population-level heterozygosity via gene flow and 
demographic rescue following population decline or extinction due to stochastic events. 

Redundancy 

NLEB’s ability to withstand catastrophic events requires having multiple, widely distributed 
populations relative to the spatial occurrence of catastrophic events. In addition to guarding 
against population extirpation, redundancy is important to protect against losses in NLEB’s 
adaptive capacity. Multiple, widely distributed populations within areas of unique diversity will 
guard against losses of adaptive capacity due to catastrophic events, such as extreme winter 
events, epizootics, and hurricanes. 

Representation  

NLEB’s ability to withstand ongoing and future novel changes is influenced by its capacity to 
adapt (referred to as adaptive capacity). NLEB may adapt to novel changes by either moving to 
new, suitable environments or by altering (via plasticity or genetic change) its physical or 
behavioral traits to match the new environmental conditions. There are multiple intrinsic factors 
that limit the species ability to adapt to a rapidly changing environment (see Appendix 2-B). 
Below we describe NLEB’s ability to colonize new areas and to alter its physical traits. 

NLEB’s capacity to colonize new areas (or track suitable conditions) is a function of its physical 
capability and behavioral tendencies to disperse. NLEB exhibits capabilities (e.g., flight) and 
behavior (e.g., fission-fusion) that allows for colonization of new areas. NLEB switch summer 
roosts for a variety of reasons, including temperature, precipitation, predation, parasitism, 
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sociality, and ephemeral roost sites (Carter and Feldhamer 2005, p. 264; Patriquin et al. 2016, p. 
55). In addition, although to a lesser extent, NLEB has been found using human-made structures 
for summer roosts (see Individual-level Ecology and Needs). It has been suggested that use of 
human-made structures may occur in areas with fewer suitable roost trees or lower proximity to 
larger patches of habitat (Henderson and Broders 2008, p. 960; De La Cruz et al. 2018, p. 496; 
Dowling and O'Dell 2018, p. 376). Therefore, NLEB has the ability to inhabit new summer 
roosting habitat at the local level provided that suitable habitat (see Individual-level Ecology and 
Needs) is in close proximity. However, the species may lack the capacity for rapid, large shifts in 
response to broad-scale novel changes to summer habitat. Maintaining suitable habitat within 
local home-ranges and beyond is needed to allow for any capacity to shift their range to track 
suitable conditions. With regard to NLEB’s ability to colonize new winter hibernacula, although 
the species is capable of arousing from torpor and moving between hibernacula during the winter 
(Griffin 1940a, p. 185; Whitaker and Rissler 1992, p. 131; Caceres and Barclay 2000, pp. 2–3), 
arousal and movement come at a high energetic cost (Thomas and Geiser 1997, p. 585). NLEB’s 
high degree of site fidelity for a hibernaculum (Pearson 1962, p. 30) also limit their capabilities 
to inhabit new hibernacula at a broad-scale. 

NLEB’s capacity to alter its physical or behavioral traits (phenotypes) to match the new 
environmental conditions is driven by the breadth of adaptive genetic variation. Thus, 
maintaining populations across the breadth of variation preserves NLEB’s capacity to adapt to 
ongoing and future changes. In addition to preserving the breadth of variation, it is also 
necessary to maintain the key evolutionary processes through which adaptation occurs, namely, 
natural selection, gene flow, and genetic drift. Maintaining healthy NLEB populations across a 
diversity of environments and climatic conditions as well as keeping natural networks of genetic 
connections between populations allows for such adaptation, via natural selection or gene flow; 
and preserving large effective population abundances, ensures genetic drift does not act unduly 
upon the species (see Chapter 1 for further explanation). 

For reasons explained in Chapter 1, we rely on proxies to identify species’ adaptive genetic 
variation. We identified and delineated the genetic variation across NLEB’s range into 
geographical representation units using the following proxies: variation in biological traits, 
neutral genetic diversity, peripheral populations, habitat niche diversity, and steep environmental 
gradients. These representation units (RPUs) are described below and displayed in Figure 
2.5. Bailey’s Eco-Divisions (Bailey 2016, entire) were overlayed on these proxies to identify 
approximate boundaries due to the associated climatic differences (i.e., precipitation levels, 
patterns and temperatures) that may be influential in driving the species’ adaptive ability. By 
establishing these RPUs (a combination of proxies and Bailey’s Eco-Divisions) the underlying 
adaptive variation of NLEB (at a broad scale) is preserved. 
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Figure 2.5. Range of NLEB organized into five Representation Units. 

1. Southeast RPU: In general, NLEB have shorter hibernation periods in this unit (in 
comparison to the Eastern hardwoods and Subarctic units). Hibernation period correlates 
with average minimum temperatures and other climatic features, and thus, we used the 
minimum average temperature zones, specifically zones 6 and 7 in combination with 
Bailey’s Ecoregions “Hot continental” and “Subtropical” divisions to circumscribe 
variation in hibernation periods. 

2. Eastern Hardwoods RPU: The Eastern hardwoods Unit was established based on 
differences in hibernation duration and landcover. NLEB have longer hibernation periods 
in the Eastern hardwoods unit (in comparison with the Southeast unit). The northern 
border of this unit was separated from the Subarctic unit based on minimum average 
temperature zone lines, specifically zones 2 and 3 in combination with Bailey’s 
Ecoregions “Warm continental” and “Subarctic” divisions. 

3. Subarctic RPU: The Subarctic unit was established based on assumed longer hibernation 
periods relative to the Eastern hardwoods and Southeastern units. Unlike for the Eastern 
hardwoods and Southeast units, data on hibernation duration is lacking for the Subarctic 
unit. However, given hibernation is influenced by minimum winter temperatures, we 
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assume longer hibernation periods in northern portions of the species’ range. The line that 
was established between the Eastern hardwoods and Subarctic units is described above 
under the Eastern hardwoods unit description. 

4. Midwest RPU: The Midwest unit was established based primarily on markedly different 
landcover than other units, with limited or fragmented forested habitat prevailing 
throughout much of this unit. Unlike the other units, the Midwest Unit is largely non-
forested landcover (e.g., grassland/pasture, cultivated crops, and pasture/hay; Appendix 
4-D, NLCD 2016).   

5. East Coast RPU: The Coastal unit was established based on observed NLEB atypical 
behavior (e.g., year-round activity, use of non-cavernicolous hibernacula). Southern 
coastal populations have been observed with similar activity levels year-round in areas 
with no known nearby traditional hibernacula (i.e., caves or mines; Girder et al. 2016, p. 
11; Jordan 2020, p. 672). Further, northern coastal populations have been observed using 
alternate summer roosting habitat (e.g., human dwellings) and non-cavernicolous 
hibernacula (e.g., house crawl spaces, Dowling and O'Dell 2018, p. 376).  

Table 2.3. Species-level ecology: Requisites for long-term viability (ability to maintain self-
sustaining populations over a biologically meaningful timeframe). 

3 Rs Requisites Long-Term 
Viability 

Description 

Resiliency 
(populations able to 
withstand stochastic 
events) 

Demographic, physically, and 
genetically healthy populations 
across a diversity of 
environmental conditions 

Self-sustaining populations are 
demographically, genetically, and 
physiologically robust, have 
sufficient quantity of suitable 
habitat 

Redundancy 
(number & 
distribution of 
populations to 
withstand 
catastrophic events) 

Multiple and sufficient 
distribution of populations 
within areas of unique 
variation, i.e., Representation 
units 

Sufficient number and distribution 
to guard against population losses 
and losses in species adaptive 
diversity, i.e., reduce covariance 
among populations; spread out 
geographically but also ecologically 

Representation 
(genetic & ecological 
diversity to maintain 
adaptive potential) 

Maintain adaptive diversity of 
the species 

Populations maintained across 
breadth of behavioral, physiological, 
ecological, and environment 
diversity 

Maintain evolutionary 
processes 

Maintain evolutionary drivers--gene 
flow, natural selection--to mimic 
historical patterns 
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CHAPTER 3 – HISTORICAL CONDITION 

This chapter describes the number, health, and distribution of NLEB populations up to the 
present day. The historical condition provides the baseline condition from which we evaluated 
changes in NLEB viability over time (Figure 3.1).   

Figure 3.1. Highlighting (blue rectangle) the current step in our analytical framework. 

Prior to 2006 (i.e., before WNS was first documented; see Chapter 4), NLEB was abundant and 
widespread throughout much of its range (despite having low winter detectability) with 737 
occupied hibernacula, a maximum count of 38,181 individuals and its range being spread across 
>1.2 billion acres in 29 states and 3 Canadian provinces (Figure 3.2, Table A-3A1)3. NLEB 
numbers vary temporally and spatially, but abundance and occurrence on the landscape were 
stable (Cheng et al. 2022, p. 204; Wiens et al. 2022, p. 233). Winter colony sizes ranged from 
small (less than 100) to large (greater than 100), although the vast majority of individuals 
included in our dataset occupied a small subset of hibernacula; for example, in 2000, 16.6% (n = 
66) of the known winter colonies contained 90% of total winter abundance. 

Historically, the core of NLEB’s range was centered in the Eastern Hardwoods RPU. 
This RPU encompasses approximately 90% of the total number of known hibernacula and 78% 
of the known winter abundance. The Southeast RPU contained 7% of the sites and 1% of total 
abundance, while the Subarctic RPU comprised 1% of the sites and 14% of the abundance. The 
Midwest and East Coast RPUs comprised 1% of the sites and 3% and 4% of the abundance, 
respectively (Table A-3A2).   

The summer range for NLEB encompasses 37 states and 8 Canadian provinces (Figure 2.2). In 
this SSA, we have records of occurrences (i.e., NLEB acoustic calls, mist-net captures, and 
hibernacula records) from 37 states, the District of Columbia and 7 provinces (Figure 3.3). 

3 Hibernacula count numbers, number of hibernacula, and spatial range only represent NLEB available (i.e., usable 
format, provided within certain timeframe) winter records submitted to NABat (NABat 2021) for use in this SSA; 
we acknowledge historical NLEB abundance, number of hibernacula, and spatial range were likely higher. 
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Figure 3.2. All known historical hibernacula (top figure) and winter abundances at 
hibernacula in 2000 (bottom figure). Point color and size corresponds to 
maximum colony count size at a hibernaculum. 
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Figure 3.3. Documented range of NLEB as known from available acoustic calls, 
captures, and hibernacula records (records indicated by blue dots) in the U.S. and 
Canada. (Map credit: B. Udell, U.S. Geological Survey, Fort Collins Science Center. 
Disclaimer: Provisional information is subject to revision). This map shows data 
provided to the SSA and does not replace the accepted species range (Figure 2.2). 
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CHAPTER 4 – PRIMARY INFLUENCES ON VIABILITY 

Recognizing there are myriad influences operating on NLEB, this chapter describes the primary 
threats that have most likely led to its current condition: WNS, wind related mortality, effects from 
climate change, and habitat loss (Figures 4.1 and 4.2). We similarly describe the primary past and 
ongoing conservation efforts that may be ameliorating these threats. Lastly, for WNS and wind 
related mortality we describe the plausible future condition for each threat. To capture the 
uncertainty in our future projections, we identified the lowest plausible and highest plausible 
state for each primary threat. These lower and upper impact states for each threat were then 
combined to create composite plausible “low impact” and “high impact” scenarios. For climate 
change and habitat loss, we provide qualitative assessments. 
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Figure 4.1. Visual diagram showing relationships between the primary threats and population needs. 
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Figure 4.2. Highlighting (blue rectangle) the current step in our analytical framework.

Current Threat Conditions 

White-nose Syndrome 

For over a decade, WNS has been the foremost stressor on NLEB. WNS is a disease of bats that is 
caused by the fungal pathogen Pd (Blehert et al. 2009, entire; Turner and Reeder 2009, 
entire; Lorch et al. 2011, entire; Coleman and Reichard 2014, entire; Frick et al. 2016, 
entire; Puechmaille and Willis et al. 2017, entire; Bernard et al. 2020, entire; Hoyt et al. 2021,
entire). The disease and pathogen were first discovered in eastern New York in 2007 (with 
photographs showing presence since 2006) (Meteyer et al. 2009, p. 411), and since then has 
spread to 39 states and 7 provinces in North America (Figure 4.3). Pd invades the skin of bats, 
initiating a cascade of physiological and behavioral processes that often lead to mortality 
(Warnecke et al. 2013, p. 3; Verant et al. 2014, pp. 3–6). Infection leads to increases in the 
frequency and duration of arousals during hibernation and raises energetic costs during torpor 
bouts, both of which cause premature depletion of critical fat reserves needed to survive winter 
(Reeder et al. 2012, p. 5; McGuire et al. 2017, p. 682; Cheng et al. 2019, p. 2). Bats that do not 
succumb to starvation in hibernacula often seek riskier roosting locations near entrances to roosts 
or emerge from roosts altogether, where they face exposure to winter conditions and scarce prey 
resources on the landscape (Langwig et al. 2012, p. 2). The weeks following emergence from 
hibernation also mark a critical period because prey availability is still limited, energetic costs of 
healing from WNS are high, and the potential for immune reconstitution inflammatory syndrome 
that can lead directly to mortality or impact reproductive success (Reichard and Kunz 2009, p. 
461; Meteyer et al. 2012, p. 3; Field et al. 2015, p. 20; Fuller et al. 2020, pp. 7–8). As of May 
2021, WNS has been confirmed in 12 species in North America, including NLEB, and 
numerous other species in Europe and Asia (www.whitenosesyndrome.org, accessed May 
13, 2021; Hoyt et al. 2021, Suppl. material). 
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Figure 4.3. Occurrence of Pd and WNS in North America based on surveillance efforts in 
the U.S. and Canada: disease confirmed (color-coded), suspected (stripes), Pd detected 
but not confirmed (solid circles), and Pd detected but inconclusive lab results (open 
circles). Pd and WNS occurrence records generally reflect locations of winter roosts and 
are not representative of the summer distribution of affected bats 
(www.whitenosesyndrome.org, accessed May 13, 2021). 

The fungal pathogen is spread primarily via bat-bat and bat-environment-bat movement and 
interactions (Lindner et al. 2011, p. 246; Langwig et al. 2012, p. 1055). With the arrival 
of Pd (year 0) to a new location, WNS progresses through “stages” similarly to many emerging 
infectious diseases: pre-invasion, invasion, epidemic, and establishment (Langwig et al. 2015, p. 
196; Cheng et al. 2021, entire). During invasion (years 0–1), the fungus arrives on a few bats and 
spreads through the colony as a result of swarming and roosting interactions until most 
individuals are exposed to the pathogen. Such interactions may occur in hibernacula or at nearby 
roosts where conspecifics engage in mating activity (Neubaum and Siemers, 2021, p. 2). As the 
amount of Pd on bats and in the environmental reservoir increases, the epidemic (years 2–4) 
proceeds with high occurrence of disease and mortality. By the fifth year after arrival of Pd, the 
pathogen is established (years 5–7), and 8 years after its arrival, Pd is determined to 
be endemic in a population (Langwig et al. 2015, p. 196; Cheng et al. 2021, entire). 

The effect of WNS on NLEB has been extreme, such that most summer and winter 
colonies experienced severe declines following the arrival of WNS. Just 4 years after the 
discovery of WNS, for example, Turner et al. (2011, pp. 18–19) estimated that NLEB 
experienced a 98% decline in winter counts across 42 sites in Vermont, New York and 
Pennsylvania. Similarly, Frick et al. (2015, p. 5) estimated the arrival of WNS led to a 10–fold 
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decrease in NLEB colony size. Most recently, Cheng et al. (2021, entire) used data from 27 
states and 2 provinces to conclude WNS caused estimated population declines of 97–100% 
across 79% of NLEB’s range. Although variation exists among sites, the arrival of Pd caused 
marked decrease in population abundance during invasion, epidemic, and established stages of 
the disease (Figure 4.4), with few exceptions (Figure 4.5). These analyses were extended to 
include additional data and years by Cheng et al. (2022, p. 212; Figure 4.4, Figure 4.5). 

Figure 4.4. Percent change in winter colony counts by disease stage relative to predicted 
median count prior to arrival of Pd (with 95% credible interval) (Cheng et al. 2022, p. 
212). 
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Figure 4.5. Estimated weighted lambda (function of growth rate and colony size) by year 
(left) and by year since arrival of Pd (right) (Cheng et al. 2022, p. 211). 

Building off work of Cheng et al. (2022, entire), Wiens et al. (2022, entire) used available data 
from hibernacula surveys to estimate the annual impacts of WNS relative to the year of arrival 
of Pd, adding additional analysis of an endemic stage. Their analysis applied two models 
of Pd spread to interpolate WNS occurrence to all documented hibernacula. The analysis 
predicted Pd is present at 99–100% of documented hibernacula for NLEB (Appendix 2-A). 
Although variation exists among sites, an overwhelming majority of hibernating colonies of 
NLEB have developed WNS and experienced serious impacts within 2–3 years after the arrival 
of Pd (Cheng et al. 2021, entire; Wiens et al. 2022, pp. 231–247) (Figure 4.5). 

A variety of factors may contribute to the differences observed amongst hibernacula. Year-round 
temperature profiles may affect the environmental reservoir of Pd, thus reducing the source of 
reinfection when bats return to the locations each fall, which would be more likely to delay than 
preclude infection (Hoyt et al. 2020, pp. 7257–7258). However, it is important to acknowledge 
that bats likely encounter multiple subterranean environments during swarming activity, during 
which they can encounter reservoirs of Pd (Neubaum and Siemers, 2021, pp. 3–4). Over winter 
temperature and climate may also affect the physiology of hibernating bats in these sites or offer 
foraging opportunities that make it possible for them to avoid more serious infections, but these 
mechanisms have not been tested. Regardless, the vast majority of NLEB colonies exposed 
to Pd have developed and will continue to develop WNS and experience impacts from the 
disease (Cheng et al. 2021, entire; Wiens et al. 2022, pp. 231–247) (Figure 4.6). 
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Figure 4.6. Percentage of accessible winter colonies with increasing (blue) 
and decreasing (red), colony trend relative to WNS pre-arrival stage for invasion, 
epidemic, and established stages (Cheng et al. 2021, entire; appendix S3). 

There are multiple national and international efforts underway in attempt to reduce the impacts 
of WNS. To date, there are no proven measures to reduce the severity of impacts. See Appendix 
4-A for more information regarding WNS impacts. 

Wind Related Mortality 

Wind related mortality, overshadowed by the disproportionate impacts to tree bats and by the 
enormity of WNS, is also proving to be a consequential stressor at local and RPU levels. Wind 
power is a rapidly growing portion of North America's energy portfolio in part due to changes in 
State energy goals (NCSL 2021, web) and recent technological advancements (Berkeley Lab 
2020, web) and declining costs (Wiser et al. 2021, entire), allowing turbines to be placed in less 
windy areas. As of 2019, wind power was the largest source of renewable energy in the 
country, providing 7.2% of U.S. energy (American Wind Energy Association (AWEA) 2020, p. 
1). Modern utility-scale wind power installations (wind facilities) often have tens or hundreds of 
turbines installed in a given area, generating hundreds of MW of energy each year. Installed 
wind capacity in the U.S. as of October 2020 was 104,628 MW (Hoen et al. 2018, entire; 
USFWS unpublished data).  
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The remarkable potential for bat mortality at wind facilities became known around 2003, when 
post-construction studies at the Buffalo Mountain, Tennessee, and Mountaineer, West 
Virginia, wind projects documented the highest bat mortalities reported at the time4 (31.4 
bats/MW and 31.7 bats/MW, respectively; Kerns and Kerlinger 2004, p. 15; Nicholson et 
al. 2005, p. 27). Bat mortalities continue to be documented at wind power installations 
across North America and Europe. We describe mechanisms leading to bat fatalities in 
Appendix 4-B. 

Bat fatality varies across facilities, between seasons, and among species. Consistently, three 
species–hoary bats (Lasiurus cinereus), silver-haired bats (Lasionycteris noctivagans), and 
eastern red bats (Lasiurus borealis)–comprise the majority of all known bat fatalities (e.g., 74– 
90%). The disproportionate amount of fatalities involving these species has resulted in less 
attention and concern for other non-listed bat species. However, there is 
notable spatial overlap between NLEB occurrences and wind facilities (Figure 4.7) along with 
NLEB mortality documented. At the 2020 installed MW capacity, we estimated 122 NLEB are 
killed annually at wind facilities (Table 4.1). Analyses using data from Wiens et al. (2022, pp. 
236–247) and analyses by Whitby et al. (2022, entire) suggest that the impact of wind related 
mortality is discernible in the ongoing decline of NLEB. Based on data from Wiens et al. (2022, 
pp. 236–247) comparing a no wind baseline scenario to current and future wind scenarios, the 
projected abundance decreases 24–33% by 2030 under the current wind scenario and up to 83% 
by 2060 under the future high impact wind scenario (Tables A-3D1 and A-3D2). Whitby et al. 
(2022, entire) found a decline in the predicted relative abundance of NLEB as wind energy risk 
index increased. To reduce bat fatalities, some facilities “feather” turbine blades (i.e., pitch 
turbine blades parallel with the prevailing wind direction to slow rotation speeds) at low wind 
speeds when bats are more at risk (Hein and Straw, p. 28). The wind speed at which the turbine 
blades begin to generate electricity is known as the "cut-in speed," and this can be set at the 
manufacturer's speed, or at a higher threshold, typically referred to as curtailment. The 
effectiveness of feathering below various cut-in speeds differs among sites and years (Arnett et 
al. 2013, entire; Berthinussen et al. 2021, pp. 94–106); nonetheless, most studies have shown all-
bat fatality reductions of >50% associated with feathering below wind speeds of 4.0–6.5 meters 
per second (m/s) (Arnett et al. 2013, entire; USFWS unpublished data). The effectiveness of 
curtailment at reducing species-specific fatality rates for NLEB, however, has not been 
documented. Hereafter, we refer to feathering below the manufacturer’s cut-in speed or higher 
wind speeds collectively as curtailment. 

4Higher wind fatality rates have since been reported (e.g., Schirmacher et al. 2018, p. 52; USFWS 2019, p. 32 and 
69). 
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Figure 4.7. Estimated total annual NLEB mortality at wind facilities in 2020. Mortality is 
shown at U.S. wind turbines as summed by 11x11-km NREL grid cell within the 
migratory range of extant NLEB hibernacula. Note that because MW were summed by 
Province centroid in Canada (and none were within the migratory range of hibernacula), 
the only NLEB mortality that was allocated to Canadian hibernacula (Quebec) was that 
occurring at U.S. turbines within the migratory range. See Udell et al. 2022, pp. 265– 
266 and Appendix 2 for details on the wind mortality analysis. 

Table 4.1. Estimated annual NLEB mortality from wind facilities allocated to 
hibernacula by USFWS Region (Figure A-2A6) and Canada, based on installed MW 
capacity in October 2020 (Udell et al. 2022, pp. 265–266). 

Location Mean Annual Mortality (n) Lower CI Upper CI 
Region 2 0 0 0 
Region 3 59 19 72 
Region 4 1 0 1 
Region 5 58 17 72 
Quebec 4 1 5 
Total 122 38 150 

39 



 

 
 

  
  

  
   

  
   

  

  
  

    
      

   

  
       

  
 

    
  

   
  

  
   

  
     

  
  

  
 

  
   

  
    

   
   

   
    

    
     

   
   

      
    

   

■ 

There are many ongoing efforts to improve our understanding of bat interactions with wind 
turbines and explore additional strategies for reducing bat mortality at wind facilities. To date, 
operational strategies (e.g., feathering turbine blades when bats are most likely to be active) are 
the only broadly proven and accepted measures to reduce the severity of impacts. See 
Appendix 4-B for more information. 

Climate Change 

There is growing concern about impacts to bat populations in response to climate change 
(Jones et al. 2009, entire; Jones and Rebelo 2013, entire, O’Shea et al. 2016, p. 9). Jones et 
al. (2009, p. 94) identified several climate change factors that may impact bats, including 
changes in hibernation, mortality from extreme drought, cold, or excessive rainfall, cyclones, 
loss of roosts from sea level rise, and impacts from human responses to climate change (e.g., 
wind turbines). Sherwin et al. (2013, entire) reviewed and discussed potential impacts of climate 
change, including effects to bat foraging, roosting, reproduction, and biogeography. Climate 
change is also likely to influence disease dynamics as temperature, humidity, phenology and 
other factors affect the interactions between Pd and hibernating bats (Hayman et al. 2016, p. 5; 
McClure et al. 2020, p. 2; Hoyt et al. 2021, p. 8). However, the impact of climate change is 
unknown for most species (Hammerson et al. 2017, p. 150). Climate change may impact these 
bats in ways that are more difficult to measure. This may include phenological mismatch (e.g., 
timing of various insect hatches not aligning with key life history periods of spring emergence, 
pregnancy, lactation, or fall swarming). In addition, there may be shifts in distribution of forest 
communities, invasive plants, invasive forest pest species, or insect prey. Long-term increases in 
global temperatures are correlated with shifts in butterfly ranges (Parmesan et al. 1999, entire; 
Wilson et al. 2007, p. 1880; Breed et al. 2013, p. 142) and similar responses are anticipated in 
moths and other insect prey. Milder winters may result in range expansions of insects or 
pathogens with a distribution currently limited by cold temperatures (e.g., hemlock woolly 
adelgid (Adelges tsugae), southern pine beetle (Dendroctonus frontalis)) (Haavik 2019). 

While there are a number of changing climatic variables, our analysis focused solely on changes 
in temperature and precipitation. These variables influence NLEB resource needs, such 
as suitable roosting habitat (all seasons), foraging habitat, and prey availability (Figure 
4.1). Global average temperature has increased by 1.7 degrees F (0.9 degrees C) between 1901 
and 2016 (Hayhoe et al. 2018, p. 76). Over the contiguous U.S., annual average temperature has 
increased by 1.2 degrees F (0.7 degrees C) for the period of 1986 to 2016 relative to 1901 to 
1960 (Hayhoe et al. 2018, p. 86). Temperatures increased during that time at a regional scale as 
well, with the largest changes (average increases of more than 1.5 degrees F (0.8 degrees C)) in 
Alaska, the Northwest, the Southwest, and the Northern Great Plains and the least change in the 
Southeast (increase of 0.46 degrees F (0.26 degrees C); Vose et al. 2017, pp. 186–187; Hayhoe et 
al. 2018, p. 86). Annual average precipitation has increased by 4% since 1901 across the entire 
U.S. with increases over the Northeast, Midwest and Great Plains and decreases over parts of 
the West, Southwest and Southeast (Hayhoe et al. 2018, p. 88). The frequency and intensity of 
heavy precipitation events across the U.S. have increased more than the increases in average 
precipitation (Hayhoe et al. 2018, p. 88). 
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NLEB risk of exposure to changes in the climate is rangewide. However, the magnitude, 
direction, and seasonality of climate variable changes is not consistent rangewide. In addition, 
the resiliency of populations and inherent differences (e.g., genetics, summer roost 
microclimates) among populations may result in differing ability for NLEB to respond to the 
same types of changes across the range. Therefore, the overall impact of climate change for such 
a wide-ranging species is challenging to describe. Although there may be some benefit to NLEB 
from a changing climate, overall negative impacts are anticipated. Although we lack species-
specific observations for NLEB, observed impacts to date for other insectivorous bats, such as 
the little brown bat, include reduced reproduction due to drought conditions leading to decreased 
availability of drinking water (Adams 2010, pp. 2440–2442) and reduced adult survival 
during dry years (drought) in the Northeast (Frick et al. 2010, pp. 131–133). While sufficient 
moisture is important, too much precipitation during the spring can also result in negative 
consequences to insectivorous bats. During the anticipated heavier precipitation events there may 
be decreased insect availability and reduced echolocation ability (Geipel et al. 2019, p. 4) 
resulting in decreased foraging success. Precipitation also wets bat fur, reducing its insulating 
value (Webb and King 1984, p. 190; Burles et al. 2009, p. 132) and increasing a bat’s metabolic 
rate (Voigt et al. 2011, pp. 794–795). Bats are likely to reduce their foraging bouts during heavy 
rain events and reduced reproduction has been observed during cooler, wetter springs in the 
Northwest (Grindal et al. 1992, pp. 342–343; Burles et al. 2009, p. 136). Responses will vary 
throughout NLEB range based on the extent of annual temperature rise in the future. For 
additional information on climate change see Appendix 4-C. 

Habitat Loss 

Roosting/Foraging/Commuting Habitat Loss 

As discussed in Chapter 2, NLEB require suitable habitat for roosting and foraging, and 
commuting between those habitats during spring, summer, and fall. Forest is a primary 
component of roosting, foraging, and commuting habitat. Wetlands and water features are 
important foraging and drinking water sources. Loss of these habitats influences survival and 
reproduction of NLEB colonies. 

We reviewed changes in various NLCD landcover classes within each RPU from 2006 to 
2016 in the continental U.S. Overall, forest landcover was fairly stable in all RPUs with slight 
annual increases (27,000 to 50,000 acres/year) in all but Midwest RPU (loss of 23,000 
acres/year). However, deciduous forest landcover decreased across all RPUs by 1.4 million acres 
for an average loss of 140,000 acres per year. Other cover types that provide foraging 
opportunities such as emergent wetland cover types decreased across all RPUs by 1.4 million 
acres. See Appendix 4-D for additional information. 

These changes in landcover may be associated with losses of suitable roosting or foraging 
habitat, longer flights between suitable roosting and foraging habitats due to habitat 
fragmentation, fragmentation of maternity colony networks, and direct injury or mortality. While 
temporary or permanent habitat loss may occur throughout all states within the species’ range, 
impacts to NLEB typically occur at a more local-scale (i.e., individuals and potentially colonies). 
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Impacts to the NLEB from loss of habitat vary depending on the timing, location, and extent of 
the removal. 

Impacts from forest habitat removal may range from minor (e.g., removal of a small portion of 
foraging habitat in unfragmented forested area with a robust NLEB population) to significant 
(e.g., removal of roosting habitat in highly fragmented landscape with small, disconnected 
population). Adverse impacts are more likely in areas with little forest or highly fragmented 
forests (e.g., western U.S. and central Midwestern states), as there is a higher probability of 
removing roosts or causing loss of connectivity between roosting and foraging habitat. There are 
a variety of conservation measures that can either serve to reduce effects from habitat loss or 
help maintain or enhance habitat. See Appendix 4-D for examples. 

Winter Roost Loss and Disturbance 

As discussed in Chapter 2, NLEB require hibernation sites with specific microclimates and 
NLEB exhibit high interannual fidelity to their hibernacula. Therefore, the complete loss of or 
modification of winter roosts (such that the site is no longer suitable) can result in impacts to 
individuals or at the population level. In addition, disturbance within hibernacula can render a 
site unsuitable or can pose harm to individuals using the site.  

Modifications to bat hibernacula (e.g., erecting physical barriers to control cave and mine access, 
intentional or accidental filling or sealing of entries, or creation of new openings) can alter the 
ability of bats to access the site (Spanjer and Fenton 2005, p. 1110) or affect the airflow and alter 
microclimate of the subterranean habitat, and thus the ability of the cave or mine to support 
hibernating bats, such as NLEB. These well-documented effects on cave-hibernating bat species 
were discussed in the USFWS’s Indiana Bat Draft Recovery Plan (USFWS 2007, pp. 71–74). In 
addition to altering the thermal or humidity regime and ability of the site to support hibernating 
bats, bats present during any excavation or filling can be crushed or suffocated. Sources of these 
stressors include fill from adjacent activities, mining, and intentional closures of abandoned 
mines or cave openings to restrict access. 

Human entry or other disturbance to hibernating bats results in additional arousals from 
hibernation which require an increase in total energy expenditure at a time when food and water 
resources are scarce or unavailable. This is even more important for sites where a species is 
impacted by WNS because more frequent arousals from torpor increases the probability of 
mortality in bats with limited fat stores (Willis and Boyles 2012, p. 96).  

There are many conservation efforts and protections (e.g., bat-friendly gates, closure of caves 
during hibernation) in place that attempt to reduce the risk of modifications to 
hibernacula and disturbance to overwintering bats. See Appendix 4-D for more information. 

Conservation Efforts 

Conservation efforts associated with reducing the effects of WNS, wind related mortality, and 
habitat loss are mentioned above and discussed further within associated appendices. In addition 
to those efforts, below we highlight the regulatory protections afforded to NLEB in parts of its 
range. 
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Federal, State, Provincial Protection 

NLEB was listed as threatened under the Endangered Species Act on April 2, 2015 (USFWS 
2015, entire). We also developed a final 4(d) rule, which published in the Federal Register on 
January 14, 2016 (USFWS 2016, entire). The 4(d) rule specifically defines the "take" 
prohibitions. NLEB was listed as endangered on Schedule 1 of Canada’s Species at Risk Act in 
2014. This provided the NLEB protection from being killed, harmed, harassed, captured, or 
taken in Canada. Environment and Climate Change Canada finalized a recovery strategy for 
NLEB in 2018 (Environment and Climate Change Canada 2018, entire). 

In addition, NLEB receives varying degrees of protection through state laws as it is designated as 
Endangered in Arkansas, Connecticut, Delaware, Indiana, Maine, Massachusetts, Missouri, New 
Hampshire, Vermont; Threatened in Georgia, Illinois, Louisiana, Maryland, New York, Ohio, 
Pennsylvania, Tennessee, Virginia, and Wisconsin; and Special Concern in Alabama, Iowa, 
Michigan, Minnesota, Mississippi, Oklahoma, South Carolina, South Dakota, West Virginia, and 
Wyoming. 

Synopsis of Current Threat Conditions 

To provide a comparative assessment of the primary influences, we summarize the scope, severity, 
and impact of each of the four influences using criteria defined by Master et al. (2012, pp. 28– 
35; Table 4.2). Currently, WNS is the greatest threat to NLEB, with WNS related population 
declines occurring over 78% (pervasive in scope) of NLEB’s range of an estimated 97–100% 
(extreme severity; Cheng et al. 2021, entire). Wind mortality, although large in scope (occurring 
over 49% of range) has a “medium” level impact to NLEB due to a moderate to serious severity 
based on differences in the two models (current population-level decline of 24–33% (Table A-
3D1)). A “medium” impact level for wind mortality was decided on in part due to mortality rates 
being kept constant for projections in the model and as declines increase, presumably so will 
exposure to wind mortality, which reduces overall impact. While confidence in impact to NLEB 
from WNS and wind were “moderate to high” due to availability of quantitative data, 
our confidence analysis of the impact of habitat loss and climate change remain “moderate to 
low” due to minimal quantitative data. Both habitat loss and climate change are pervasive, 
occurring across the species’ range, while severity of population level declines are predicted to 
be slight. Conservation efforts, such as protection of winter hibernacula from disturbance and 
habitat protections for NLEB and other listed species, may provide some benefit to NLEB 
populations. Lastly, habitat loss (e.g., disturbance to or loss of maternity colony, tree 
removal) and climate change (e.g., precipitation levels, rising temperatures) are 
anticipated to vary regionally, but have more localized impacts on the species viability. 
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Table 4.3. NLEB composite plausible future scenarios. 

Plausible 
Scenario 

WNS Spread WNS 
Duration 

Wind 
Capacity 

All-
bat Fatality 
Rate 

% Species 
Composition 

Pd rate 

Low 
impact 

Pd occurrence  
model 1 

15-yr 
species-
specific 
survival 
rates 

Lower build-
out 

Regional-
specific 

U.S. -
combined, 
Canada -
regional-
specific 

No 

High 
impact 

Pd occurrence 
model 2 

40-yr 
species-
specific 
survival 
rates 

Higher build-
out 

Regional-
specific 

U.S. -
combined, 
Canada -
regional-
specific 

No 

White-nose Syndrome 

To project future impacts of WNS, we relied on 1) predicted current and future occurrence of Pd 
on the landscape using two different models (hereafter, “Pd occurrence models”) and 2) the 
WNS impacts schedule. For the latter, we assumed winter colonies that are exposed to Pd in the 
future will respond similarly to those currently exposed (i.e., colonies exposed in the future will 
follow the same WNS impacts schedule) (see Chapter 1, Step 3. Identify the Primary Drivers 
(Influences) and Appendix 5 for more detail). 

To project future spread of WNS, we relied upon two Pd occurrence models, Pd occurrence 
model 1 (derived by Wiens et al. 2022, pp. 226–229) and Pd occurrence model 2 (derived by 
Hefley et al. 2020, entire); both models are briefly described in Appendix 2. For a low impact 
scenario, we used Pd occurrence model 1 for predicted year of arrival (YOA) and assumed that 
the WNS impacts schedule continues for 15 years after arrival of Pd, after which the colonies 
return to pre-WNS survival rates for the remainder of the simulation (i.e., no WNS impacts 
applied after 15 years since Pd arrival). Return to pre-WNS growth rates at YOA 15 is the 
earliest year we can reasonably assume (given data show impacts continue occurring 14 years 
since the first detection in New York). For the high impact scenario, we used Pd occurrence 
model 2 for predicted YOA and assumed that WNS impacts continue through 2060 (i.e., after 
YOA 0 to 6, survival rates remain in the endemic phase). 

Wind Related Mortality 

To project future installed wind capacity, we relied upon National Renewable Energy 
Laboratory's (NREL; Cole et al. 2020) and Canadian Energy Regulator’s (CER) (CER 2020) 
projections for the U.S. and Canada, respectively (Figure 4.9). Our low impact scenario (i.e., 
lower wind build-out) was based on NREL’s High Wind Cost scenario and CER’s Reference 
Scenario (Figure 4.10). Our high impact scenario (i.e., higher wind build-out) was based on 
NREL’s Low Wind Cost scenario and CER’s Evolving Scenario (Figure 4.11). For both 
scenarios, we calculated NLEB fatalities per MW using the species composition approach (see 
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Chapter 1 methods and Appendix 2-A for additional detail). The annual mortality associated with 
the future low and high impact scenarios by Year 2050 is provided in Table 4.4. 

We selected NREL’s scenarios per consultation with the U.S. Department of Energy’s (USDOE) 
Wind Energy Technology Office (P. Gilman 2020, Program Manager, personal communication). 
The NREL scenarios model future deployment levels based on projected trends in electricity 
demand, technology cost trajectories, and existing Federal and state energy policies (Cole et al. 
2020, p. iii; see Appendix 5 for details). NREL’s 2020 (Cole et al. 2020) report presents 45 
power sector scenarios that consider present day through 2050. We chose the High Wind 
Cost and Low Wind Cost scenarios as reasonable lower and upper bounds of future wind build-
out, respectively. NREL agreed that use of the High Wind Cost and Low Wind Cost scenarios 
provides a reasonable range of future wind build-out (W. Cole 2020, personal communication). 

CER’s Canada’s Energy Future report is published annually and provides up-to-date projections 
for wind build-out in Canada. CER uses economic and energy models to project future scenarios 
based on assumptions about trends in “technology, energy and climate policies, energy markets, 
human behavior and the structure of the economy” (CER 2019, p. 1). Annual wind build-out 
projections are produced at the province/territory level and data are continually refined based on 
current trends. We chose the Reference Scenario as our lower-impact scenario (i.e., lower wind 
build-out) and the Evolving Scenario as our higher-impact scenario (i.e., higher wind build-out; 
see Appendix 5 for details). 
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Figure 4.9. Wind build-out as of October 2020 for the U.S. and Canada (Udell et al. 
2022, entire). U.S. capacity is summed by 11x11-km NREL grid cell and 
Canadian capacity by province. 
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Figure 4.10. Projected wind build-out for the year 2050 per low build-out scenarios for the U.S. 
and Canada (NREL 2020; CER 2020; Udell et al. 2022, entire). U.S. future capacity is summed 
by 11x11-km NREL grid cell and Canadian future capacity by province. 
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Figure 4.11. Projected wind build-out for the year 2050 per high build-out scenarios for the U.S. 
and Canada (NREL 2020; CER 2020; Udell et al. 2022, entire). U.S. future capacity is summed 
by 11x11-km power grid and Canadian future capacity by province. 

Table 4.4. Predicted annual NLEB mortality5 (25th–75th percentile) 
by USFWS Region and Canada, based on projected 2050 installed wind capacity under 
low and high build-out scenarios (Udell et al. 2022, entire). 
Location Low build-out High build-out 
Region 2 0 (0–0) 33 (11–33) 
Region 3 57 (18–70) 1,395 (447–1,703) 
Region 4 3 (1–4) 307 (93–380) 
Region 5 138 (42–172) 1,157 (349–1,440) 
Quebec 4 (1–5) 35 (11–43) 
Total 202 (62–250) 2,926 (911–3,600) 

Climate Change 

5 It is likely that percent composition will decline as the species declines over time. To capture insights on the 
sensitivity of the results to wind energy mortality, we ran scenarios with zero and 50% reduction in wind energy 
mortality (see Appendix 1-B). 

49 



 

 
 

  
   

   
  

   
 

  
  

 
  

 
  

   
   

   
 

 
 

  
 

   
    

   
    

  
  

  
   

 
 

  

    
 

 
 

  
   

  

   
  

 

  

■ 

Over the next few decades, annual average temperature over the contiguous U.S. is projected to 
increase by about 2.2 degrees F (1.2 degrees C) relative to 1985 to 2015, regardless of any 
currently used representative concentration pathway (RCP 2.6 to RCP 8.5) (Hayhoe et al. 2018, 
p. 86). Larger increases are projected by late century of 2.3 to 6.7 degrees F (1.3 to 3.7 degrees 
C) under RCP4.5 and 5.4 to 11.0 degrees F (3.0 to 6.1 degrees C) under RCP8.5, relative to 1986 
to 2015 (Hayhoe et al. 2018, p. 86).  

For the period of 2070 to 2099 relative to 1986 to 2015, precipitation increases of up to 20% are 
projected in winter and spring for northcentral U.S., with decreases by 20% or more in the 
Southwest in spring (Hayhoe et al. 2018, p. 88). The frequency and intensity of heavy 
precipitation events are expected to continue to increase across the U.S., with the largest 
increases in the Northeast and Midwest (Hayhoe et al. 2018, p. 88). Projections show large 
declines in snowpack in the western U.S. and shifts of snow to rain in many parts of the central 
and eastern U.S. (Hayhoe et al. 2018, p. 91). 

NLEB’s responses to these changes are expected to be similar to what has already been observed 
in North American insectivorous bats, such as little brown bat (see above and Appendix 4-
C). This includes reduced reproduction due to drought conditions leading to declines in available 
drinking water (Adams 2010, pp. 2440–2442), reduced adult survival during periods of drought 
(Frick et al. 2010, pp. 131–133), or reduced reproduction during cooler, wetter springs in the 
Northwest (Grindal et al. 1992, pp. 342–343; Burles et al. 2009, p. 136). Magnitudes of 
responses will vary depending throughout the ranges of the species’ and on how much the annual 
temperature actually rises in the future. 

Habitat Loss 

The 2010 Resources Planning Act (RPA) Assessment (USFS 2012, entire) and 2016 RPA 
Update (USFS 2016, entire) summarized findings related to the status, trends, and projected 
future of U.S. forests and rangeland resources (we have nothing comparable for Canada). This 
assessment was influenced by a set of future scenarios with varying assumptions regarding 
global and U.S. population, economic growth, climate change, wood energy consumption, and 
land use change from 2010 to 2060 (USFS 2012, p. xiii). The 2010 Assessment projected (2010– 
2060) forest losses of 6.5–13.8 million hectares (16–34 million acres or 4–8% of 2007 forest 
area) across the conterminous U.S., and forest loss is expected to be concentrated in the 
southern U.S., with losses of 3.6–8.5 million hectares (9–21 million acres) (USFS 2012, p. 12). 
The 2010 Assessment projected limited climate effects to forest lands spread throughout the U.S. 
during the projection period, but effects were more noticeable in the western U.S. The 
projections were dominated by conversions of forested areas to urban and developed land cover 
(USFS 2012, p. 59). The 2016 Update incorporated several scenarios including increasing forest 
lands through 2022 and then leveling off or declines of forest lands (USFS 2016, p. 8– 
7). However, regenerating young forests temporarily lack large roosts that provide space and 
thermal needs for NLEB colonies. While past and projected forest loss and forest regeneration 
rates can provide a coarse assessment of long-term trends, they are not particularly meaningful 
for determining the magnitude of impact unless overlaid where the species actually occurs. Loss 
of essential population needs of roosts and foraging and commuting habitat within NLEB home 
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range where they remain is the issue. Furthermore, loss of roosting and foraging habitat 
compounds the impacts from WNS (see Appendix 4-D). 

Synopsis of Future Threat Conditions 

Using the available data and information summarized above and in Chapters 5 and 6, we 
assigned the scope, severity, and impact given the projected future state conditions for each of 
the primary influences (Table 4.5). WNS continues to be the greatest threat to NLEB, due to the 
expected future declines in population abundances (98–100% in known hibernacula) over most 
to all of its range (Wiens et al. 2022, pp. 226–229). Confidence in impact to NLEB from WNS 
and wind were “high” due to availability of quantitative data. Wind mortality impact is expected 
to be pervasive in scope and increase in severity, with population impacts reaching 83% by 2060 
(Table A-3D2). Although the increasing severity of wind energy related mortality suggests that a 
High to Very high ranking is appropriate, we believe that the fatality rates are likely to decline as 
the abundance declines. The data were too limited (therefore, our confidence level was 
“moderate”) to discern whether fatality rates have declined as the species’ abundance 
precipitously decreases, so our scenarios did not account for this likelihood. For this reason, we 
assumed the severity of wind energy mortality will stay constant (“moderate”) over time along 
with the overall impact level (Medium).  

Our confidence in analysis on the impact of habitat loss and climate change 
remain “low” to “moderate” due to minimal quantitative data. Both habitat loss and climate 
change are forecasted to remain pervasive across the species’ range, while the severity of 
population level declines are predicted to range from slight to moderate due a reduction 
in the spatial distribution of the species across the range. Given NLEB’s spatial extent is 
projected to decline in the future (i.e., consolidation into fewer hibernacula and fewer summer 
colonies), the severity of habitat loss at occupied sites will vary between slight (e.g., limited tree 
removal within summer habitat) to extreme (e.g., loss of a hibernaculum or maternity colony). 
Therefore, impacts from habitat loss in the future may vary between Low Impact and Very High 
Impact. Lastly, increasing incidence of climatic extremes (e.g., drought, excessive summer 
precipitation) will likely increase in the future leading to increased negative effects to NLEB 
(e.g., increased mortality, reduced reproductive success); therefore, our impact analysis predicts 
Medium Impact from climate change under future state conditions. 
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Table 4.5 Assessment of future impact from primary threats (adapted from Master et 
al. 2012 and Cheng et al. 2021, p. 5). See criteria definitions in Chapter 1 (Figure 1.2). 

Criteria WNS Wind 
Mortality 

Habitat Loss Climate 
Change 

Scope Pervasive Pervasive Pervasive Pervasive 
Severity  Extreme Moderate Slight-Extreme Moderate 

Impact Very 
High 

Medium Low Very 
High 

Medium 

Confidence 
Level 

High Moderate Moderate Low 
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CHAPTER 5 – CURRENT CONDITION 

In this chapter, we describe the current demographic conditions and the projected number, 
health, and distribution of NLEB populations given these current conditions (Figure 5.1). Current 
state conditions encompass the current abundance, growth rate, WNS occurrence, and installed 
wind energy capacity. We projected abundance under current state conditions to garner insight 
into viability, which we describe in Chapter 7. 

Figure 5.1. Highlighting (blue rectangles) the current step in our analytical framework.  

Current demographic conditions– Available evidence indicates NLEB abundance has and will 
continue to decline substantially over the next 10 years under current conditions (Figure 5.2). 
Evidence of the past decline is demonstrated in available data in both winter and summer. For 
example, rangewide winter abundance has declined by 49% and the number of extant winter 
colonies (populations) by 81% (Figure 5.2, Table A–3A1). There has also been a noticeable shift 
towards smaller colony sizes, with a 96–100% decline in the number of large hibernacula (≥100 
individuals) (Figure 5.3). Although the declines are widespread, the magnitudes of the winter 
declines vary spatially (Figure 5.4). In the Eastern Hardwoods, the core of NLEB range, 
abundance declined by 56% and the number of sites by 88%. Abundance and the number of 
sites declined in the remaining 4 RPUs (87% and 82% - East Coast RPU, 90% and 44% -
Midwest RPU, 24% and 70% - Southeast RPU, and 0% and 40% - Subarctic RPU, respectively; 
Table A–3B3). Across all RPUs, the potential of population growth is low; the probability of 
RPU growth rates (λ) ≥1 ranges from 0 to 11% (Table A-3B2). 

Declining trends in abundance and occurrence are also evident across much of NLEB summer 
range. Based on derived rangewide summaries from Stratton and Irvine (2022, p. 102), 
rangewide occupancy has declined by 80% from 2010–2019 (Table A-3B4, Figure 5.7). 
Although these declines attenuate westward, the probability of occupancy declined in all RPUs 
(Table A-3B4). Similarly, Whitby et al. (2022, p. 160), using data collected from mobile acoustic 
transects, found a 79% decline in rangewide relative abundance from 2009–2019. 
Measurable declines were also found in the Midwest RU (91%) followed by the Eastern 
Hardwoods (85%), East Coast (71%), and Southeast (57%) RPUs (Table A–3B4). Data were not 
analyzed in the Subarctic RPU due to a lack of observations. Finally, Deeley and Ford (2022, p. 
18, 21–23) observed a significant decrease in mean capture rate post-WNS arrival. Estimates 
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derived from their results indicted a 43–77% decline in summer mist net captures compared pre 
and post arrival of WNS (Table A–3B4). 

Future projections based on current conditions - Collectively, these data indicate NLEB has 
declined and given the declining trajectories, will continue to decline. Future projections from 
the BatTool, assuming no further WNS spread nor increases in wind capacity (current stressor 
conditions), show sharp declines in rangewide abundance, number of hibernacula, and spatial 
extent into the future.  

• By 2030 (~ 1 generation), rangewide abundance declines by 95% (CI 75–99%; Figure 
5.2). 

• The number of extant hibernacula declines by 99%, with 11 of the 737 historically 
occupied hibernacula extant by 2030 (Figure 5.5) and 1 extant hibernaculum by 2040.  

• The winter colony sizes also become reduced, with the number of large hibernacula 
(≥100 bats) declining from 53 in 2000, 20 in 2020, to 1 hibernaculum (98% decline from 
2020) by 2030 (Figure 5.3). 

• Subsequent to declines in the number of hibernacula, NLEB’s known winter range 
declines by 75% (Table A-3B1), with the vast majority (90%) of individuals becoming 
concentrated in a smaller number of hibernacula, going from 66 hibernacula in 2000, 29 
in 2020 to 6 by 2030. 

The projected declines are widespread across the RPUs. 
• Median hibernacula abundances in the Southeast, East Coast, Midwest, and Subarctic 

RPUs decline to 2–16 (CI 0–4,118) or 99–100% decline, with corresponding 
low probabilities of persistence by 2030 (Tables A-3B3, Figure 5.6). 

• In the Eastern Hardwoods RPU, median abundance declines 99%, with bats persisting 
in 10 hibernacula by 2030. Of the projected extant hibernacula, 1 is projected to be large 
(≥100 individuals; Figure 5.3). 
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Figure 5.2. Median projected rangewide abundance (black line) and 90% CI (gray) given 
CURRENT state conditions (current abundance, growth rate, WNS occurrence, and 
installed wind energy capacity). Abundance from 1990 – 2020 derived from winter 
colony count data (black dots) using a) constant interpolation (yellow dots), b) status & 
trend model informed by Pd occurrence model 1 (blue line) and c) status & trend model 
informed by Pd occurrence model 2 (pink line). 
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Figure 5.4. Median projected RPU abundance (black line) and 90% CI (gray) under 
CURRENT state conditions (current abundance, growth rate, WNS occurrence, and 
installed wind energy capacity for the 3 RPUs. Abundance from 1990–2020 derived from 
winter colony count data using a) constant interpolation (red line), b) status and trend 
model informed by Pd occurrence model 1 (green line) and c) status and trend model 
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Figure 5.5. NLEB extant hibernacula at year 2000 (left) and projected at 2030 (right) given CURRENT state conditions. Color 
and size reflect median hibernacula abundance. 
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summarized at the 10km x 10km NABat grid cell (Stratton and Irvine 2022, entire). 
Dotted boundaries correspond to RPUs. Cooler colors represent lower percent declines 
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CHAPTER 6—FUTURE CONDITION 

Future viability is the ability of NLEB to sustain healthy populations into the future given its 
current demographic condition and future condition of the influences (Figure 6.1). To assess 
NLEB future viability, we again used the BatTool to project hibernaculum abundance over time 
given projected Pd spread and wind energy build-out (see Chapter 4, Future 
Scenarios subsection, for further description). Projection of future number, distribution, and 
health of populations is needed to understand NLEB’s future ability to withstand normal 
stochasticity, stressors, catastrophic events, and novel environmental changes (i.e., its viability 
under future influences). In this chapter, we describe the projected number, health, and 
distribution of NLEB given future state conditions (i.e., future Pd occurrence and future installed 
wind energy capacity) and describe the viability implications under future influences in Chapter 
7. 

Figure 6.1. Highlighting (blue rectangles) current step in our analytical framework 

Under both future scenarios, the declines worsen precipitously.   

• Median rangewide abundance declines 95% by 2030 (74–100% CI) and reaches 99% by 
2060 (67–100% CI). Under the future scenarios, the decline trajectory continues (despite 
no impacts due to WNS being applied 15 years after Pd arrival; Figure 6.2, Table A– 
3C1). 

• The number of extant hibernacula decline to 9 by 2030 and 0 hibernacula by 
2050 (Figure 6.3, Table A–3C1). 

• Colony sizes continue to shift towards smaller sizes, with 89% of the projected extant 
colonies in 2030 having fewer than 100 bats (Figure 6.4). 

• Spatially, NLEB’s winter range declines by 75% by 2030 (100% by 2040) (Table A-
3C1). 

As projected under the future conditions, declines are widespread and there is limited chance for 
persistence. 

• Median abundances in the Southeast, East Coast, Midwest, and Subarctic RPUs decline 
to 2–22 (CI 2–6,199) or 99–100% decline, with corresponding low probabilities of 
persistence by 2030 (Figure 6.6, Table A-3C3). 
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• In the Eastern Hardwoods RPU, median abundance declines 95%, with bats persisting 
in 8 hibernacula by 2030. By 2060, all populations at all hibernacula are projected to be 
extinct (Figure 6.5, Table A-3C2).    

Figure 6.2. Projected median rangewide abundance (black line) and 90% CI (gray 
shading) under FUTURE state conditions. Abundance from 1990–2020 derived from raw 
data (black dots) using a) constant interpolation (yellow dots), b) status & trend model 
informed by Pd occurrence model 1 (blue line) and c) status & trend model informed by 
Pd occurrence model 2 (pink line). 
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Figure 6.3. NLEB extant hibernacula in 2000 (left) and projected 2030 (upper right) and 2060 (bottom right) given FUTURE state 
conditions. Color and size reflect medium hibernacula abundance. 
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Figure 6.4. The projected number of hibernacula in each colony abundance category 
under FUTURE state conditions. 

. 

Figure 6.5. Projected median (black line) and 90% CI (gray shading) for RPU 
abundance under FUTURE state conditions for the 5 RPUs. Abundance from 1990 –2020 
derived from raw data using a) constant interpolation (red line), b) status & trend model 
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informed by Pd occurrence model 1 (green line) and c) status & trend model informed by 
Pd occurrence model 2 (blue line). 

Figure 6.6. Probability of RPU-abundance remaining above X individuals given 
FUTURE state conditions, x= 2 bats (red), x=500 bats (blue), and x=1000 bats (green). 

Habitat Loss and Climate Change 

As discussed previously, we did not incorporate habitat loss and the effects of climate change 
into our quantitative modeling efforts (i.e., not included in the projections depicted in Figures 
6.2– 6.6). Ongoing effects from habitat loss and climate change likely continue into the future 
and may even be exacerbated based on reduced abundance and distribution anticipated under our 
current and future scenarios. See Table 4.5 for a description of the scope, severity, and impact of 
future habitat loss and climate change impacts. Additionally, future impacts from habitat loss and 
climate change are discussed more thoroughly in Appendix 4.   
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CHAPTER 7—SPECIES VIABILITY 

This chapter synthesizes the results from our historical, current, and future analyses and 
discusses the consequences for NLEB viability (Figure 7.1). NLEB viability is influenced by 
the number, health, and distribution of populations. Across the range and within all RPUs, NLEB 
abundance and distribution has decreased. Multiple data types and analyses indicate downward 
trends in NLEB population abundance and distribution over the last 14 years (2006–2020; Table 
7.1), and we found no evidence to suggest that this downward trend will change in the future 
(Figure 7.2). As is the case for all species status assessments we do not have perfect information 
on NLEB’s occurrence, but the best available data suggest that bats at unknown hibernacula will 
undergo similar declines observed at known winter colonies. We outline the key uncertainties in 
our analyses and our resolution of them in Appendix 1. 

Figure 7.1. Highlighting (blue rectangle) the current step in our analytical framework. 

Table 7.1. Summary of recent NLEB population trends from multiple data types and 
analyses. Winter Colony analysis – derived from Wiens et al. (2022, entire) data; 
Summer Occupancy analysis –Stratton and Irvine (2022, entire); Summer Capture 
analysis – Deeley and Ford (2022, entire); and Summer Mobile Acoustic analysis – 
Whitby et al. (2022, entire).1 No data available. 

Representation 
Unit 

Winter 
Colony 

Summer 
Occupancy 

Summer 
Capture 

Summer Mobile 
Acoustic 

Southeast -24% -85% -47% -50% 
Eastern 
Hardwoods 

-56% -78 -43% -87% 

Subarctic -0% -63% -1 -1 

Midwest -90% -87% -77% -99.9% 
East Coast -87% -79% -43% -69% 
Rangewide -49% -80% -43–77% -79% 
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Figure 7.2. The projected NLEB abundance over time given current (blue) WNS spread and installed wind capacity and 
plausible future scenarios (pink) for WNS spread and increased installed wind energy capacity. The dotted and solid lines 
represent the median abundance under current and future scenarios, respectively. Historical abundance from 1990 –2020 
derived from a) constant interpolation (red), b) status & trend model informed by Pd occurrence model 1 (green line) and c) 
status & trend model informed by Pd occurrence model 2 (blue line). 
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The viability of a species depends upon its ability to sustain populations in the face of normal 
environmental and demographic stochasticity, catastrophes, and novel changes in its 
environment. For example, demographically and physically healthy populations better withstand 
and recover from environmental variability and disturbances. Additionally, populations spread 
across heterogeneous conditions are unlikely to be exposed at the same time to poor 
environmental conditions, thereby guarding against synchronous population losses. Similarly, 
species with genetically healthy populations (large Ne, which begets genetic diversity) spread 
across the breadth of genetic and phenotypic diversity preserve a species’ adaptive capacity, 
which is essential for adapting to their continuously changing environment (Nicotra et al. 2015, 
p. 1269). Without such variation, species are less responsive to change and more prone to 
extinction (Spielman et al. 2004, p. 15263). Lastly, having multiple healthy populations widely 
distributed guards against losses of adaptive diversity and RPU-level extirpation in the face of 
catastrophic events. 

We quantitatively assessed NLEB’s current viability by projecting the species’ abundance and 
distribution given current WNS occurrence (no further spread) and current installed wind energy 
capacity, and future viability given future plausible scenarios of further WNS spread and 
increased wind energy capacity. We also qualitatively considered impacts from climate change, 
habitat loss, and conservation efforts. All existing data and our qualitative and quantitative 
analyses suggest that NLEB’s viability has and will continue to steeply decline over time under 
the current and plausible future conditions. 

Unquestionably, WNS is the primary driver (or influence) that has led to the species’ current 
condition and is predicted to continue to be the primary influence into the future (Table 7.2). 
Currently, WNS occurs across 59% of NLEB’s range (Cheng et al. 2021, p. 7) and is impacting 
99–100% hibernacula (Wiens et al. 2022, pp. 226–229, 231–247). In addition, WNS is predicted 
to reach 100% of the species’ range in the U.S. by 2025 (Wiens et al. 2022, pp. 226–229). Prior 
to WNS, NLEB was abundant and widespread, and abundance and occupancy were generally 
stable (Cheng et al. 2022, p. 204). WNS impacts have resulted in most winter colonies 
experiencing a 97–100% decline in abundance compared to historical conditions (Cheng et al. 
2021, entire). 

Wind energy related mortality, although not currently acting as a driver in NLEB’s viability, is 
projected to be more impactful in the future as it will increase in pervasiveness and severity 
(Table 7.2). Based on 2020 wind build-out, an estimated 38 to 150 (mean = 122) NLEBs are 
killed annually at wind facilities and annual mortality is projected to increase to 202 to 2,926 
individuals by 2050 under the future low and high build-out scenarios, respectively (Figures 4.10 
and 4.11, Tables 4.1 and 4.4). Wind related mortality is discernible, particularly in future 
scenarios, even with ongoing declines from WNS (Figure A-1B2; see also Whitby et al. 2022, 
pp. 151–153). NLEB abundance is projected to decline 18 and 77% from 2030 to 2060 from 
wind related mortality alone under current conditions and from 28 to 80% under the future 
scenarios. Consequently, mortality from wind turbines likely has and will continue to cause 
detectable declines in NLEB abundance. 

Although we consider habitat loss pervasive across NLEB range, impacts to NLEB and its 
habitat are often realized at the individual or colony level. Loss of hibernation sites (or 
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modifications such that the site is no longer suitable) can result in impacts to winter colonies. 
Impacts from forest loss (e.g., roosting or foraging habitat) vary depending on the timing, 
location, and extent of the removal. Given how common and wide-ranging NLEB was 
throughout much of its range prior to the arrival of WNS, we assume the range-wide magnitude 
of impact from habitat loss was low. However, as NLEB’s spatial extent is projected to decline 
in the future (i.e., consolidation into fewer hibernacula and summer colonies and remaining 
populations are anticipated to be less resilient), habitat loss at occupied sites will vary from slight 
(e.g., limited tree removal within summer habitat) to extreme (e.g., loss of a hibernaculum or 
maternity colony). Therefore, impacts from habitat loss in the future may vary between low to 
very high (Table 7.2).  

Climate change impacts are challenging to describe for wide-ranging species, such as NLEB. 
The changing climate has and will likely continue to have a multitude of impacts on species 
throughout North America (Foden et al. 2018, p. 9). Despite being pervasive; however, we 
believe the rangewide magnitude of impact is currently low (Table 7.2). In addition, there are 
questions about whether some negative effects are currently offset by other positive effects, 
whether population losses in one part of a species' range will be offset by gains in other regions, 
and the degree to which bats can adapt by adjusting their ecological and phenological 
characteristics (Hammerson et al. 2017, p. 150). Although there may be some offsetting of 
effects under current climate conditions, increasing negative impacts are anticipated in the future 
(Table 7.2). Increasing incidence of climatic extremes (e.g., drought, excessive summer 
precipitation) will likely increase, leading to increased NLEB mortality and reduced reproductive 
success. As mentioned above, as NLEB’s spatial extent is projected to decline in the future (i.e., 
consolidation into fewer hibernacula and fewer summer colonies) and populations anticipated to 
be less resilient, effects from climate change may be more impactful than if the populations were 
well distributed and robust. 

Table 7.2. Threat (impact) level for the primary influences currently and projected future 
low and high impact scenarios. 

WNS Wind 
Mortality 

Habitat Loss Climate 
Change 

Current Very 
High 

Medium Low  Low 

Low Impact Very High Medium Low Very 
High 

Medium 

High Impact Very High Medium Low Very 
High 

Medium 

While we focused our analyses on ongoing and anticipated effects from WNS, wind, climate 
change and habitat loss, we also recognize that novel threats (e.g., new disease or invasive 
species) may emerge for NLEB. NLEB’s mobility and roost-shifting behaviors provide 
mechanisms for individual bats to respond to changes in temperature, prey availability and roost 
suitability. However, as discussed in Chapter 2 and Appendix 2-B, temperate zone insectivorous 
bats including NLEB have several inherent traits that limit their ability to respond to changes in 
the environment, especially to rapid changes. These include their high site fidelity (winter and 
summer), specialized winter habitat requirements and summer roost microclimate needs, and low 
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reproductive output. We have already observed the extremely limited ability for NLEB to 
respond to the novel threat WNS. 

Viability under Current Conditions 

Under current conditions, NLEB abundance, number of occupied hibernacula, spatial extent, 
probability of persistence, summer habitat occupancy (measured by bat captures and acoustic 
recordings) across the range and within all RPUs are decreasing (Chapter 5 and Table 7.1). Since 
the arrival of WNS, NLEB abundance steeply declined, with most (91%) winter colonies having 
fewer than 100 individuals. At these low population sizes, colonies are vulnerable to extirpation 
from stochastic events. Furthermore, NLEB’s ability to recover from these low abundances is 
limited given their low reproduction output (1 pup per year). Therefore, NLEB’s resiliency is 
greatly compromised in its current condition. Additionally, NLEB’s spatial extent is projected to 
decline, with 75% reduction by 2030. As NLEB’s abundance and spatial extent decline, NLEB 
will also become more vulnerable to catastrophic events 

In addition to reduced redundancy and resiliency, NLEB’s representation has also been reduced. 
As explained above, NLEB’s capacity to adapt is constrained by its life history and the level of 
its intraspecific diversity (e.g., genetic, phenotypic, behavioral, ecological variability). The steep 
and continued declines in abundance have likely led to reductions in genetic diversity, and 
thereby reduced NLEB adaptive capacity. Further, the projected widespread reduction in the 
distribution of hibernacula will lead to losses in the diversity of environments and climatic 
conditions occupied, which will impede natural selection and further limit NLEB’s ability to 
adapt. Moreover, at its current low abundance, loss of genetic diversity via genetic drift will 
likely accelerate. Consequently, limiting natural selection process and decreasing genetic 
diversity will further lessen NLEB’s ability to adapt to novel changes (currently ongoing as well 
as future changes) and exacerbate declines due to continued exposure to WNS, mortality from 
wind turbines, and impacts associated with habitat loss and climate change. Thus, even without 
further Pd spread and additional wind energy development, NLEB’s viability is likely to rapidly 
decline over the next 10 years (Figures 7.2 and 7.3).  

Viability under Future Scenarios 

Under the projected range of plausible future scenarios, WNS spread reaches close to 100% of 
NLEB’s entire range (Wiens et al. 2022, pp. 226–229) and wind energy related mortality 
increases by 66% to 2,298% (Udell et al. 2022, entire; see Table 4.4). By 2060, NLEB 
abundance declines by 99% (Figure 7.2) and the number of extant hibernacula declines by 100% 
(Figure 7.3). Under the future scenario, by 2040, only one hibernaculum is projected to remain in 
the Eastern Hardwoods RPU. By 2050, no hibernacula remain in any of the RPUs (Figure 7.3). 
Given the projected low abundance and the few number and restricted distribution of winter 
colonies, NLEB’s currently impaired ability to withstand stochasticity, catastrophic events, and 
novel changes will worsen under the range of plausible future scenarios. 

69 



 

 
 

 

 

    
 

Population size 

• 10 

100 

1000 

• 10000 

- 1e+OS 

Population size 

• 100 

• 200 

• 300 

N 

Figure 7.3. Projected change in NLEB winter distribution over time: 2000 (far left); 2030 under current conditions (top right), and 
2060 under future conditions (bottom right). 
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Appendix 1: Key Uncertainties, Wind Mortality Sensitivity Analyses, and State-of-the-
Knowledge 

Note: Appendices were created for a three bat (Myotis lucifugus [little brown bat, LBB], Myotis 
septentrionalis [northern long-eared bat, NLEB] and Perimyotis subflavus [tricolored bat, TCB] 
SSA). When reference is made to “these bats” or “these species,” we are referring to LBB, 
NLEB or TCB, or all three species. 

B. Wind Energy Mortality Sensitivity Analysis 

To discern the sensitivity of our results to uncertainty regarding wind energy related mortality, 
we ran various mortality scenarios. We compared four scenarios: 1) no wind energy related 
mortality, 2) current predicted mortality, 3) 50% of mortality corresponding to the future high 
impact scenario, and 4) full projected level of mortality corresponding the high impact scenario. 
Clearly, WNS is the driving force in the future trajectory of the species (see Figure A-1A1, 
comparing no WNS impacts to WNS impact scenarios), thus it is not unexpected that the general 
trend in abundance is unaffected by wind energy mortality (Figure A-1B1). The additive effect 
of wind energy mortality is, however, discernible as seen when comparing no wind energy 
related mortality to wind energy mortality scenarios (Figure A-1B2, see bar 1 vs 2 under current 
conditions and bar 3 vs 4 and 5 under future conditions). The results are markedly sensitive to 
the range of uncertainty in future mortality levels among scenarios (Figure A-1B2, see bar 4 vs 
5).  
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Figure A-1B1. NLEB projected abundance under various wind mortality levels: (A) Pd model 2 
(future spread), no future wind energy mortality, (B) Pd model 2 (current spread), current wind 
energy mortality, (C) 50% of the future wind energy mortality under the high impact scenario, 
and (D) high impact scenario mortality. Abundance from 1990–2020 derived from winter colony 
count data (black dots) using a) constant interpolation (yellow dots), b) status and trend model 
informed by Pd occurrence model 1 (blue line) and c) status & trend model informed by Pd 
occurrence model 2 (pink line). 
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Figure A-1B2. NLEB projected 2060 median abundance under five wind energy related mortality 
levels: (A) Pd model 2 (future spread), no future wind energy mortality, (B) Pd model 2 (current 
spread), current wind energy mortality, (C) future mortality under low impact scenario, (D) 50% 
of the future mortality under the high impact scenario, and (E) future mortality under the high 
impact scenario. 

A. Key Uncertainties 

Our analysis includes both aleatory (i.e., inherent, irreducible) and epistemic (i.e., ignorance, 
reducible) uncertainty that we address by developing a range of future scenarios, adding 
environmental stochasticity to our model, and making reasonable assumptions. The key 
uncertainties are listed in Table A-1.1 and described below.  

Table A-1.1. A list of key uncertainties addressed in the analysis. 

Current Abundance 
and Trend 

White-nose Syndrome 
Impacts 

Wind Energy Related 
Mortality 

Climate Change and 
Habitat Loss 

Imperfect abundance 
data over time and 
space 

Pd rate of spread* Future wind energy 
capacity* 

Response to climate 
change 

WNS impact schedule Fatality rates Response to habitat 
loss 

Duration of WNS 
impact* 

Fatality risk over time 
and space 

Bat response where 
WNS not yet arrived 
Unknown hibernacula 

*Uncertainties are addressed directly in our high and low impact future scenarios (see 
Appendix 5). 

Abundance and population trend 
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We do not have perfect knowledge of current colony abundance and population 
trend because hibernacula are not surveyed every year nor concurrently, and there are likely 
many undocumented hibernacula. Furthermore, bats can be hidden in crevices or inaccessible 
locations within roosts that are surveyed, and some species are difficult to identify accurately. 
We address this uncertainty by using predictive models developed by Cheng et al. (2021, entire) 
and Wiens et al. (2022, pp. 231–247) to predict current abundance and population growth rate 
(trend) for each known hibernaculum. Cheng et al. (2022, entire) explain that using a statistical 
model rather than inferring from data summaries is preferred because it can account for site-to-
site variation, year-to-year variation, and survey effort, thereby allowing evaluation of the main 
effects of count over time and the impacts of WNS on counts. Further, statistical methods 
allow for objectively quantifying the relationships between variables while also quantifying the 
amount of uncertainty around those results. We summarized the state-of-the-knowledge (raw 
data summaries) that inform these statistical methods in Appendix 1-C. 

The statistical models are constructed from the raw data available (in this case, 3,493 NLEB 
winter observations). Although these available data are biased towards the eastern portion of the 
U.S., these data represent the core of the species’ known historical and current abundances, and 
thus are representative of the species’ overall condition. Further, while the imminent threats (i.e., 
WNS, wind, habitat loss, and climate change) may vary temporally, the spatial distribution and 
overall severity of these threats are not likely to differ markedly (see WNS impacts assumptions 
below). Coupling this assumption with information concerning the narrow range of optimal 
conditions for hibernation, we believe these data provide the best available and reliable dataset to 
assess the current and future viability of the species. 

Estimating bat population abundance and trends is challenging due to bats’ cryptic nature, wide 
ranging habits, and variable detectability. A variety of methods have been developed and 
continue to be improved to fulfil this important information need, including winter and summer 
colony counts, mist-netting, acoustic monitoring, and mark-recapture studies. However, these 
efforts are often limited in scope or have been inconsistently applied across species’ ranges. For 
several federally protected hibernating bats (e.g., Indiana bat, Virginia big-eared bat (Plecotus 
townsendii virginianus), and gray bat (Myotis grisescens)), successful population monitoring has 
been achieved through coordinated survey efforts at winter and summer roosts in caves. 
Fortunately, non-listed species have benefitted from these coordinated survey efforts and 
monitoring expertise where they overlap with either state or federally listed species. For this 
reason, estimates of overwintering colony abundance of NLEB are available through a 
substantial portion of the range over recent decades. Winter survey efforts for these and other 
hibernating species also increased when concerns about WNS were first raised in North America 
over 10 years ago. Other sources of data, to date, are more sporadic spatially and temporally but 
are still useful to inform population status. 

We also do not have perfect knowledge of every hibernacula throughout the range of the species 
(unknown hibernacula). NLEBs are commonly found and counted during surveys in 
cavernicolous (cave-like places) hibernacula in eastern North America. Despite the expectation 
that many hibernating bats remain unobserved during winter, abundance estimates based on 
winter counts represent a sound estimate of the site-specific abundances, relative abundances, or 
at least trends of these species. Importantly, although these surveys do not produce a true census 
of the populations, they provide an estimate (or index) of abundance during winter when both 
sexes of these species are roosting together. Summer roost counts are possible, but much less 
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feasible for NLEB due to their roost preferences and frequent roost switching. Mist-netting 
efforts to estimate capture per unit effort is another method for assessing trends, but these efforts 
are labor intensive and not commonly available rangewide (as efforts are often concentrated in 
certain selected areas). Finally, acoustic monitoring can be used to estimate occupancy or indices 
of abundance that are useful to estimate relative changes in populations but are very difficult to 
interpret as estimates of abundance. For these reasons, winter colony counts produce the most 
direct, representative, and feasible method for estimating abundance of NLEB, even if these data 
only represent minimum estimates of abundance. 

Furthermore, WNS is typically detected and causes mortality either during winter or in spring 
after sick bats emerge from hibernation. Thus, estimating the impacts of this disease is best 
achieved by evaluating changes in winter colonies, where possible, in response to the arrival of 
the fungal pathogen. This approach allows for analyses that specify the year of arrival of the 
fungal pathogen and subsequent changes in population sizes. While winter counts provide the 
most direct method for estimating the impacts of WNS, additional data streams are used to verify 
the patterns observed in winter. Analyses of mobile acoustic monitoring and capture efforts 
provide estimates of changes in relative abundance, while stationary acoustic monitoring 
produces indices of bat activity. All of these together are also used in occupancy modelling to 
determine changes in occurrence on the landscape over time. While none of these methods 
provides a perfect estimate of bat population abundance, together they improve our 
understanding of the status of the species. 

White nose syndrome impacts 

To capture the uncertainty in the rate of spread of Pd by using two different Pd occurrence 
models, a faster spread rate (Pd occurrence model 1, Wiens et al. 2022, pp. 226–229) based on 
spread rates observed and annual changes in the occurrence of Pd and a slower spread rate (Pd 
occurrence model 2, Hefley et al. 2020, entire) that incorporates historic occurrence and multiple 
habitat covariates (Appendices 2A and 5). Both models rely on the same WNS surveillance 
dataset but each model performs differently in different geographic regions of the country based 
on the models’ parameters. Thus, these two predictions provide a plausible range of the timing of 
Pd spread into the future. 

Although we have empirical information on population-level impacts associated with WNS 
disease progression (on average, 98% decline by the endemic stage, Cheng et al. 2021, entire), 
there is variability among sites. We identified sites that trended differently (i.e., bats fared better) 
than most and assumed they do not experience further WNS impacts. For all remaining sites, we 
assumed they would follow the empirically derived yearly impacts schedule. Wiens et al. (2022, 
pp. 231–235) used random draws from the impact distribution for each year (Appendix 2-A). 

Another source of uncertainty is the duration of WNS impacts. We captured the full breadth of 
uncertainty in our future scenarios. For all scenarios, WNS impacts ameliorate 6 years after the 
arrival of Pd, forming an endemic stage (see Appendix 2-A). Under the low impact scenario, we 
assumed a 9-year endemic stage and thus yielding a 15-year WNS impacts duration in total. This 
is the shortest conceivable timeframe based on our analysis of the data available. Under the high 
impact scenario, we assumed a 34-year endemic stage, thus yielding a 40-year WNS impacts 
duration in total (Appendix 5). Figure A-1A1 shows results assuming no further WNS impacts 
beginning in 2020, a 25-year impacts duration, and a 40-year impacts duration. 
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Figure A-1A1. Projected median rangewide abundance (median [black line], 90% CI [gray shading]) over time under no future WNS 
impacts (top left), a 25-year impacts duration (top right), and a 40-year impacts duration (bottom). Abundance from 1990–2020 derived 
from winter colony count data (black dots) using a) constant interpolation (yellow dots), b) status and trend model informed by Pd occurrence 
model 1 (blue line) and c) status & trend model informed by Pd occurrence model 2 (pink line). 
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Where disease dynamics of WNS have been observed (primarily, but not solely in the eastern 
half of North America and in cave-like hibernacula), very few colonies of NLEB have avoided 
severe impacts of the disease. A variety of site characteristics including colony size, temperature, 
and humidity may explain some of the variability that is observed in the degree of impact caused 
by WNS. Wilder et al. (2011) predicted that larger colonies will experience impacts of WNS 
sooner than smaller colonies. Further, Langwig et al. (2012, p. 6) determined that smaller 
colonies of NLEB may experience less severe impacts than larger colonies during the initial 
stages of the disease. Frick et al. (2015, p. 6) found that NLEB had a consistently high local 
extinction risk regardless of pre-WNS colony size. Environmental conditions may also influence 
impacts of disease. While it has been determined that colder roosts may reduce WNS infections, 
mortality from WNS has been documented at a wide range of temperatures, including sites with 
winter temperature approaching 0°C (Langwig et al. 2012, p. 6). Low humidity conditions may 
also lessen the severity of infection, at least for some species. For example, Indiana bat in drier 
hibernacula have shown to have less severe impacts from WNS, but this pattern was not 
observed in NLEB (Langwig et al. 2012, p. 6).  

Physiological demands of hibernation limit the ranges of temperature and humidity in which bats 
can hibernate successfully, although these limits or preferences differ among species. 
Hibernacula temperatures that are too low present a risk of freezing or raise the energetic cost of 
torpor. Similarly, hibernacula that are too dry lead to dehydration or frequent arousal from torpor 
that will consume limited fat reserves. Thus, although these factors may delay or reduce the 
impacts of WNS, none of them would prevent the arrival of Pd or avoid impacts of WNS 
altogether. Because their winter roosts must be cold and humid to allow for successful 
hibernation and these conditions are also conducive to growth of Pd, it is valid to presume WNS 
impacts will be similar throughout the portions of the species’ ranges where bats hibernate for 
extended periods, regardless of whether these hibernacula are unknown or human inaccessible. 

Wind Mortality 

We don’t know the future build-out of wind energy capacity in the U.S. and Canada. We 
relied on the National Renewable Energy Laboratory's (NREL) (Cole et al. 2020, entire) and 
Canadian Energy Regulator’s (CER) (CER 2020, entire) projections for the U.S. and Canada, 
respectively. To capture the uncertainty associated with these projections, we incorporated lower 
and upper bound capacity projections into our future scenarios. Our low impact scenario (i.e., 
lower wind build-out) was based on NREL’s High Wind Cost scenario and CER’s Reference 
Scenario (Figure 4.10). Our high impact scenario (i.e., higher wind build-out) was based on 
NREL’s Low Wind Cost scenario and CER’s Evolving Scenario (Chapter 4 and Appendix 5). 
These build-out scenarios provide reasonable bounds for future expectation of wind capacity in 
both the U.S. and Canada. 

Fatality Rates vary across species, range, and seasons. We used regional specific data garnered 
from post construction monitoring efforts. We obtained nearly 300 reports spanning 20 states and 
4 USFWS Regions. We calculated the mean fatality rate for the species within each USFWS 
Region using currently accepted methods to account for spatial variability (see Appendix 2). 

We also are uncertain about how fatality risk varies over time and space. Although it is logical 
to assume fatality risk declines with decreasing abundance, the functional relationship is 
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unknown. We evaluated fatality rates pre- and post-WNS arrival to discern a relationship 
between abundance and fatality risk. Where applicable, we applied pre- and post Pd fatality rates 
to account for the uncertainty in fatality risk as abundance changes over time (see Appendix 2). 
Additionally, we are uncertain of where bats killed at wind facilities originate. To address this 
uncertainty, we relied on the analysis completed by Udell et al. (2022, entire). Briefly, Udell et 
al. (2022, entire) created a distance decay function to allocate total wind mortality per 11x11-km 
NREL grid cell among hibernacula within the known average maximum migration distance, 
relative to the size of the hibernating populations as well as the distance from the grid cell 
centroids (i.e., hibernacula with larger colony counts and those closer to grid cell centroids were 
assigned higher proportions of the overall mortality). However, the analysis did not account for 
the possibility that some bats may originate from additional unknown hibernacula within the 
maximum recorded migration distance, or that bats may be migrating farther than previously 
documented. To look at how this latter uncertainty may affect the results, we ran a scenario in 
which wind mortality is 50% of what is projected under the high capacity scenario. The additive 
effect of wind energy mortality is discernible as seen when comparing a no wind to a wind 
scenario (Figure A-1B2); although from a viability perspective, the results do not appear 
sensitive to the range of uncertainty in future mortality levels (i.e., no marked changes in the 
overall trend in abundance). 

Climate change 

As we detail further in Chapter 4 and Appendix 4, both habitat loss and climate change are 
pervasive across the species’ range and severity of population level declines are currently 
assumed to be slight (recognizing varying impacts by population). Thus, we believe overall 
climate change impacts are currently low. While there is uncertainty about the magnitude of 
future temperature increases and any associated changes in precipitation (e.g., regional changes, 
rate and intensity of extreme weather events), we have high confidence in the precipitation and 
temperature changes observed to date and that minimal projected temperature increases (2.2 
degrees F (1.2 degrees C), relative to baseline) will occur. Similarly, we have high certainty in 
observed species responses to changes in temperature and precipitation (which vary 
geographically). However, we have less certainty about species responses that have not been 
observed, such as: death of individuals or alteration of hibernacula use due to increased risk of 
flooding from sea level rise or extreme weather events; reduced reproduction or survival due to 
increased habitat loss in wildfire prone areas; changes in phenology of bats and their prey; and 
changes in bat distribution. Lastly, we have uncertainty about possible beneficial impacts from 
climate change in portions of species’ range. While possible, beneficial impacts (e.g., warmer 
temperatures may lead to shorter hibernation periods, which in turn may decrease the Pd 
exposure duration and thus reduce impacts) are more speculative, at least relative to the observed 
negative impacts reported in the literature. For this reason, our assessment of effects from 
climate change likely underestimates risk to these species. 

Habitat Loss 

We have high confidence that changes in vegetation cover types occur throughout the range of 
NLEB. We also have high confidence that these changes in landcover may be associated with 
losses of suitable roosting or foraging habitat, longer flights between suitable roosting and 
foraging habitats due to habitat fragmentation, fragmentation of maternity colony networks, and 
direct injury or mortality (during active season tree removal). Despite this knowledge, we have 
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uncertainty about how much forest removal must occur within a home range before impacts 
associated with winter tree removal are realized. We also have imperfect knowledge of where 
roosts (summer and winter) for NLEB occur. Therefore, we have uncertainty about which 
colonies (summer and winter) are at greatest risk of impacts and ultimately the magnitude of risk 
associated with habitat loss. Also, we have high confidence of prior impacts to winter 
hibernacula and hibernating bats. 

C. State-of-the-Knowledge 

For reasons articulated in subsection A above, we relied upon statistical methods rather than raw 
data alone to assess the species’ current status. We summarize the data underlying these methods 
here. 

• We have 3,492 NLEB records from 737 hibernacula (90% of the sites are from the 
Eastern Hardwoods RPU).  

• Based on these raw data: 

o Number of hibernacula with “Last observed = 0”: 373 (1990-2020), 5 (2006-
2009), 103 (2010–2015), 263 (2016–2020); the ratio (proportion) of extirpated to 
extant sites increased since WNS discovered in 2006 (Figure A-1C1) 

o Of the 364 potentially extant sites, 84 to 92% have uncertain status (304 and 335 
sites do not have ≥ 1 record from 2017–2020 and 2019–2020, respectively) 

NLEB - Proportion of Reported Sites with Last 
Observed Count = 0 

80% 

60% 

40% 

20% 

4%0% 
<2006 2006-2009 2010-2015 2016-2020 

73% 

41% 

13% 

Proportion of surveyed sites with 0 bats 

Figure A-1C1. The proportion of sites reported to NABat with 0 as the “last 
observed count.” The proportion is the number of hibernacula with 0 counts 
divided by the total number of hibernacula surveyed. 
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• As of 2021, 580 counties across 40 states and 7 provinces have presumed or confirmed 
Pd/WNS (485 are confirmed WNS/Pd)(www.whitenosesyndrome.org, accessed May 13, 
2021). WNS/Pd suspected/confirmed from Nova Scotia southward to South Carolina, 
westward to Texas, New Mexico, Wyoming, Montana, and Washington (Figure A-1C2).  

Figure A-1C2. WNS occurrence as of 5/12/2021 (www.whitenosesyndrome.org, 
accessed May 13, 2021) 

• The number of NLEB hibernacula with suspected or confirmed WNS is not available; 
WNS has been confirmed in every RPU. However, Pd has not been detected in the 
northwestern arm of NLEB’s range. 

o As of May 2021, there are 112 NLEB events. Events are winter or summer sites 
with suspected/confirmed WNS/Pd reported on the species of interest (i.e., a 
species event is recorded only when the species has Pd/WNS, even if the 
WNS/Pd confirmed/suspected on other species or the site, 
www.whitenosesyndrome.org, accessed May 13, 2021) 

• Where WNS is present, severe declines have occurred, except in a few (3%) hibernacula. 
On average, NLEB colonies declined by mean 100% (95% CI 97 –100) by the endemic 
stage of WNS progression (Cheng et al. 2021, p. 7). 

• Declines are discernible in summer data as well. Data availability vary among the data 
type (mobile transect acoustic, stationary acoustic, and mist-net capture data), however 
we incorporated all available data into the analyses.  

o Using mobile acoustic data from 2009 to 2019, Whitby et al. (2022, entire) found 
relative abundance declined 50% (Southeast RPU) to 99% (Midwest RPU) from 
2009 to 2019. Insufficient data were available for the Subarctic RPU. 

o Using mist-net capture data from 1999 to 2019, Deeley and Ford (2022, entire) 
found a significant decrease in mean capture rates post-WNS arrival. Estimates 
derived from their data indicated a 43% (Eastern Hardwoods RPU) to 77% 
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(Midwest RPU) decline in mean capture rates post-WNS arrival. Insufficient data 
were available for the Subarctic RPU. 

o Using all 3 data types (mobile transect acoustic, stationary acoustic, and mist-net 
capture data) from 2010 to 2019, Stratton and Irvine (2022, entire) looked at 
changes in probability of occupancy across the species’ range. Although the 
declines attenuated westward, there was a decline in predicted occupancy across 
all RPUs (Stratton and Irvine (2022, p. 102). Estimates derived from their results 
showed declines in the probability of occupancy across all 5 RPUs, ranging from 
63% (Subarctic RPU) to 87% (Midwest RPU) from 2010 to 2019. 
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Figure A-2A2. Data available in and contributed to NABat for use in NLEB population 
analyses. These data show sampling effort and there may be some locations where NLEB 
was not detected at the survey site. Map credit: B. Udell, U.S. Geological Survey, Fort 
Collins Science Center. Disclaimer: Provisional information is subject to revision. 

One way we measure population health was hibernacula abundance (N) and population trend (λ). 
Despite the thousands of winter counts, data are not available for all years and not necessarily 
both pre and post WNS arrival. Thus, to estimate historical N and λ, we relied upon analyses 
completed by Wiens et al. (2022, pp. 231–233). For sites with more than 5 data-points (n = 297), 
they fit the data using a statistical linear mixed effects model (henceforth referred to as 
Status/Trends model) to estimate the yearly abundance for each hibernaculum from 1990 through 
2020. For sites with fewer than 5 colony counts (n = 440, they used last observed count and used 
the λ from closest hibernaculum or complex of hibernacula. The Status/Trends model relies upon 
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WNS year of arrival, thus, N and λ estimates vary with the occurrence of Pd. Wiens et al. (2022, 
pp. 231–233) used two projections of Pd occurrence (referred to as Pd occurrence Model 1 and 
2) to identify year of arrival for hibernacula lacking data (see Current and Future Primary 
Drivers subsection below) to capture uncertainty in the presence and spread rate of Pd at 
unknown and uncontaminated sites. Both models use available disease surveillance data 
documenting past detection of Pd but use different parameters to estimate occurrence of Pd 
beyond those detections. Hence, we have two estimates for yearly historical colony N and λ. See 
Appendix 5 for further details on the Status/Trends model. 

Step 2. Describe Current Abundance, Health, and Distribution 

To estimate current conditions, we relied upon analyses completed by Wiens et al. (2022, pp. 
231–233) as described above. Additionally, because colony estimates are not available for all 
hibernacula and because bats occupying a given hibernaculum disperse to many different 
locations on the summer landscape, we also relied upon the results from USGS-led summer 
capture records and acoustic records analyses to garner insights on population trends at regional 
scales (see Summer Data Analyses subsection below). 

Step 3. Identify the Primary Drivers (Influences) 

We reviewed the available literature and sought out expert input to identify both the negative 
(threats) and positive (conservation efforts) influences of population numbers. We identified 
WNS, wind related mortality, habitat loss, and climate change as the primary negative influences 
on the species’ abundance. We also identified several other potential influences but based on 
available information were either too local in scale or lacking data to assess species response. 

Qualitative/Comparative Threat Analysis - We assessed the impact of the four influences using 
an approach adapted from Master et al. (2012, entire) to allow a comparison between influences. 
For each influence, we assigned a scope, severity, and impact level for both current and future 
states. Briefly, scope is the proportion of the populations that can be reasonably expected to be 
affected by the threat within 10 years (current). Severity is the level of damage to the species 
from the threat. Impact is the degree to which the species is directly or indirectly threatened 
based on the interaction between the scope and severity values. The criteria used to assign levels 
are shown in Figure A-2B3. 
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SCOPE (% of population decline) 
(% ofrange) Slight Moderate Serious Extreme 

1-10% 11-30% 31 -70% 71 -100% 
Small (1-10%) Low Low Low Low 
Restricted (11-30%) Low Low Medium Medium 
Large (31 -70%) Low Medium High High 
Pe1vasive (71 -100%) Low Medium High Ve1y High 

Figure A-2B3. Comparative threat assessment criteria and definitions (adapted from 
Master et al. 2012, entire). Impact level (Low to Very High) is based upon the scope and 
severity assigned. 

Quantitative Threat Analysis – We sought to model the impact of the four primary drivers, 
however, we did not have the time to rigorously determine the species response to changes in 
climate change and habitat loss. Although we have information on ongoing effects to North 
American insectivorous bats associated with climate change in specific geographic areas, given 
the differences in types and magnitude of climate change, the large range of these species, and 
the fact that we had finite time and resources, we were unable to reliably quantify each species’ 
response in a manner that could be included in the population model (e.g., what specific changes 
to which specific demographic parameters should we include in response to projected changes in 
temperature or precipitation). Similarly, habitat loss or alteration can lead to locally 
consequential effects, especially with the compounding effects of WNS. We considered 
information on loss or alteration of hibernacula as well as information on changes in landcover 
types across each species’ range; however, given our finite time and resources we were unable to 
project rangewide future landcover changes or the species associated response in a manner that 
could be included in the BatTool (e.g., what specific landcover changes would result in what 
specific changes to which demographic parameters). Instead, we provided a narrative on the 
spatial extent and magnitude of impact from these two stressors. 

To assess the current and plausible future state conditions (magnitude and severity) for WNS and 
wind related mortality, we used published data, expert knowledge, and professional judgment. 
To capture the uncertainty in our future state projections, we identified plausible upper and lower 
bound changes for each influence. The lower and upper bounds for each influence were then 
combined to create composite plausible “low” and “high” impact scenarios. These scenarios 
were used as inputs to a population-specific demographic model (BatTool, Erickson et al. 2014, 
entire; explained Step 4 below) to project abundance given specified WNS and wind mortality 
scenarios. 

WNS – To assess the current and future severity of WNS, we calculated disease-induced fatality 
rates from data gathered from winter colonies following Pd arrival (referred to as “WNS impacts 
schedule”, see below). We assumed that the WNS impacts schedule (severity) will not change 
into the future, and hence, the only difference between the current and future WNS scenarios is 
the rate of spread (scope) of WNS. To estimate the current and future occurrence of WNS, we 
relied on two models (several others are available with similar predictions), Wiens et al. (2022, 
pp. 226–229) and Hefley et al. (2020, entire). We refer to these projections as “Pd occurrence 
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model 1 and 2.” Both models rely on the same WNS surveillance dataset but allowed us to 
capture uncertainty in spread rates. Additionally, each model performs differently in different 
geographic regions of the country, making one model better than the other in a certain area of the 
country and vice-versa. 

Since 2007, collection and management of surveillance data for WNS and Pd on bats or in the 
environment has been coordinated by the National Response to WNS, led by USFWS. State 
agencies or other appropriate land-management entities conduct most sample collection for 
disease surveillance and are responsible for reporting county level-determinations of Pd status. 
WNS is confirmed by histopathological observation of lesions characteristic of the disease 
(Meteyer et al. 2009, entire), molecular detection of the fungus (Muller et al. 2013, entire), or 
characteristic field signs associated with WNS Case Definitions determined by USGS, National 
Wildlife Health Center. Year of arrival of WNS or Pd at a location is documented at a county-
level resolution (available at www.whitenosesyndrome.org). 

Wiens et al. (2022, pp. 226–229) used a Gaussian interpolation and projection using linear 
movement estimates based on observed rates of spread of Pd (see Appendix 5 for further 
information). Hefley et al. (2020, entire) used a diffusion and growth model, which estimates the 
prevalence (similar to abundance) of Pd at a location. In their model, prevalence is influenced by 
proximity to known occurrences and environmental covariates of percent canopy cover, terrain 
ruggedness index, waterways, locations of mines, and karst geology. Year of arrival of Pd at a 
location is assigned to the year in which prevalence exceeds 0.25 (this level was chosen by the 
SSA Core Team based on the prevalence value observed at a subset of sites where Pd has 
already been detected). Separate parameters were calculated to estimate current and future 
distribution of Pd in the Pacific Northwest, where the fungus is expected to have initiated a 
second epicenter after “jumping” from the nearest known previous occurrence (Lorch et al. 2016, 
p. 4). Using their estimates of spread rates, future distribution of Pd was projected on an annual 
scale for every 10 km x 10 km grid cell until Pd was predicted to be present throughout the 
entirety of the species’ range (Wiens et al. 2022, pp. 226–229) or until statistical confidence 
interval in the model projection was too great for the value to be reliable (Hefley et al. 2020, 
entire). The projected Pd spread under the two models is shown in Figure A-2B4. 
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Figure A-2B4. Two models of Pd occurrence in North America since 2007 and into the 
future. A) A Gaussian interpolation map using spatial relationships and direct 
observations of Pd occurrence (Wiens et al. 2022, pp. 226–229). B) A diffusion and 
growth model using observed Pd prevalence in diagnostic samples to predict 
environmental prevalence of Pd based on spatial and environmental covariates (Hefley et 
al. 2020, entire). 

To estimate current and future WNS impact (fatality rates), we relied on Wiens et al. (2022, pp. 
233–235) derived “WNS impacts schedule”; a distribution of annual-specific changes to survival 
rates. They used data collected during winter hibernacula surveys from 1990 to 2020 and 
calculated the proportional change in size of the colony between calendar years and between 
years since arrival of Pd. Assuming that change in the estimated colony size was the result of 
WNS-induced mortality, these estimates of percent change in colony size were translated into 
changes in adult over-winter survival rate (a parameter in the BatTool). Lastly, they collated 
these site-specific over-winter survival rates to create annual distributions, i.e., WNS impacts 
schedule (Figure A-2A5.). This WNS impacts schedule was used in the BatTool to apply WNS 
impacts to hibernacula over time. For a few sites, the severity of WNS impact has deviated from 
the norm; for these exceptions, a colony-specific WNS impacts schedule was derived (Wiens et 
al. 2022, pp. 231–247). See Appendix 5 for additional information and further description of 
future scenarios. 
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Figure A-2A5. Adult winter survival decreases annually after Pd detection for little 
brown bat (MYLU), NLEB (MYSE), and tricolored bat (PESU). These data were used to 
create the WNS impacts schedule. The data depicted for 6 years since detection of Pd 
include all years since detection ≥ 6. 

Wind - To assess the current and future magnitude and severity of current and future wind energy 
development, we 1) estimated species-specific wind fatality rates (bats per megawatt (MW) per 
year), 2) applied current and projected future wind capacity within the species’ range, and 3) 
applied species-specific fatality rates to current and future wind capacity to estimate wind related 
mortality for known hibernating populations. We assumed the only difference between the 
current and future wind scenarios is the amount of installed wind capacity. NLEB data were too 
limited to discern differences in percent species composition after WNS arrival, so we assumed 
no change in fatality rates over time. 

To estimate wind fatality rates (severity), we reached out to the public, 
states, USFWS Ecological Services field offices, and other partners to request data from 
wind post-construction bat fatality monitoring at wind projects within the ranges of NLEB, little 
brown bat, and tricolored bat. We obtained 287 reports for wind projects in 20 states 
within USFWS Legacy Regions (Regions) 3, 4, 5, and 6 (Figure A-2A6). 
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Figure A-2A6. U.S. Fish and Wildlife Service Regions. 

For a subset (n = 155) of these reports (those that met our inclusion criteria, described 
below) we calculated [species]-specific per MW fatality rate using the following equation: 

NLEB per MW fat rate = Bfat * %Sp 

Where Bfat is the all-bat fatality rate per MW and %Sp is the species-specific percent 
composition of fatalities reported. Bfat was calculated for each Region by deriving annual all-
bat per MW fatality rates for each study in our subset, applying corrections for unsearched 
areas and portions of the year as needed, and then averaging the corrected all-bat fatality rates 
across the studies in each Region. %Sp was calculated by dividing the total number of each 
species’ carcasses reported in our subset of studies by the total number of bat carcasses. 

To maximize consistency and comparability across studies in our database, we applied the 
following inclusion criteria: 

1. Study must report a bats/megawatts (MW) or bats/turbine fatality rate, corrected for 
searcher efficiency (SE) and carcass persistence (CP). If bats/turbines is the only reported 
fatality rate, the report must also include the number of turbines and MW at the site in 
order to calculate bats/MW. 

2. Turbines were operated without curtailment (i.e., no feathering below manufacturer’s or 
other cut-in speeds) during the study period. In a few instances where studies tested 
certain cut-in speeds in a subset of turbines and reported separate fatality rates for 
curtailed versus control (uncurtailed) turbines, the control turbine fatality rate was used. 

3. The study search interval was 7 days or less. 
4. The study provided the range of dates when carcass searches were performed. 
5. The study provided the search area (i.e., plot) dimensions.    

Because we only obtained two reports from Region 4, and AWWIC (2020) did not report any 
NLEB-specific fatality rates, we combined our Region 4 and 5 studies to calculate Bfat and %Sp 
in these two Regions. NLEB data from Regions 1, 2, 6, 7, and 8, despite the considerable number 
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of wind projects in these areas, were too limited to generate reliable estimates, and the data for 
Regions 3, 4 and 5 were too limited to support parsing out by Region. Therefore, we combined 
all available U.S. studies to derive a single %Sp for NLEB. For Canada, we used species 
composition rates (%Sp) reported in Bird Studies Canada et al. (2018). We detected no 
difference in NLEB %Sp by WNS stage; thus, we used rates pre- and post-WNS. 

It should be noted that reported fatality rates in our USFWS database were derived using a 
variety of estimators with differing, imperfect assumptions and biases toward underestimating or 
overestimating mortality (i.e., see Rabie et al. 2021, entire). Additionally, a recent study by Huso 
et al. (2021, entire) found that bird and bat fatality rates were relatively constant per unit energy 
produced by turbines under similar environmental conditions regardless of their size, suggesting 
that the relative amount of energy produced, rather than simply the size, spacing, or nameplate 
capacity of turbines, determines the relative all-bat fatality rate. However, bat fatalities per 
turbine generally increased with turbine size or MW capacity (Huso et al. 2021, p. 4). Lacking 
information about the capacity factor (total energy produced relative to the theoretical maximum, 
or nameplate capacity), for all the turbines in our database, we relied on reported bats/MW 
fatality rates. As such, our averaged fatality rates may overestimate mortality for facilities with 
high capacity but low energy production (low capacity factor) or vice versa, but are more robust 
than bats/turbine fatality rates. Moreover, because they are averages across many facilities and 
states, they should capture the general capacity factor trends across regions, at least for built 
facilities as of October 2020. 

To determine current and future wind capacity (magnitude), we obtained current wind capacity 
data from the U.S. Wind Turbine Database (USWTDB version 3.2) (Hoen et al. 2018, entire) and 
corrected/incorporated curtailment information based on facility-specific, unpublished USFWS 
data. For future projections, we used—at the counsel of experts at USDOE and NREL—the 2020 
NREL High and Low Onshore Wind Cost Scenarios data (Cole et al. 2020, p. 26) as reasonable 
lower and upper bounds of future U.S. wind capacity by state. For Canada, we used Canada 
Energy Regulator’s (CER) Evolving and Reference (baseline) scenarios as our upper and lower 
bounds, respectively (see Appendix 5 for further description of future scenarios). 

Lastly, to calculate hibernacula-specific mortality, we relied upon the analysis by Udell et al. 
(2022, entire). Briefly, Udell et al. (2022, entire) summed wind capacity under the lower and 
upper bound scenarios for each 11x11-km NREL grid cell centroid and calculated a grid cell-
specific mortality estimate. They then created a distance decay function to allocate the total 
mortality per 11x11-km grid cell among hibernacula, relative to the size of the hibernating 
populations and distance of hibernacula (within the known average maximum migration 
distance) from the grid cell centroid (i.e., hibernacula with larger colony counts and those closer 
to grid cell centroids were assigned higher proportions of the overall mortality). To account for 
mortality reductions associated with feathering below the manufacturer’s cut-in speed or higher, 
we applied a 50% mortality reduction to turbines implementing any level of curtailment during 
the fall or summer and fall seasons, per our 2020 data (USFWS unpublished data). We then 
multiplied this 50% mortality reduction by t https://www.gray-robinson.com/attorneys-
professionals/william-billy-dove he relative proportion of all-bat mortality reported by season in 
our post-construction mortality database (USFWS unpublished data; Table A–2A1). Based on 
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these proportions, we applied an overall mortality reduction of 50% to turbines curtailing in both 
summer and fall and a 34% reduction to turbines curtailing in fall only (Table A–2A2). 

Table A–2A1. Proportion of all-bat mortality by season (USFWS, unpublished data). 
Season Date Range Proportion of All-bat 

Mortality 
Spring March – May 31 0.065 
Summer June 1 – July 30 0.252 
Fall August 1 – November 30 0.68 
Summer + Fall June 1 – November 30 1.07 

Table A–2A2. Curtailment categories by season and associated fatality reductions applied to 
turbine MW. 
Category Curtailment Total Mortality Reduction 

Season Applied* 
No Curtailment None N/A 
Fall Only Fall, Fall + Spring 0.34 
Summer + Fall Summer + Fall, 0.50 

Summer + Fall + Spring 
*Reflects 50% mortality reduction for curtailment multiplied by seasonal proportion of all-bat 
fatality (Table A-2A1). 

Step 4. Project Future Number, Health, Distribution of Populations Under Current and Future 
Influences 

To project future abundance and trend given current and future state conditions for WNS and 
wind, we used an existing bat population tool (BatTool, Erickson et al. 2014, entire). The 
BatTool is a demographic model that projects hibernaculum abundance over time given starting 
abundance (N), trend (λ), environmental stochasticity, WNS stage, annual WNS impacts 
schedule, and annual wind related mortality as specified by the wind capacity scenarios. Starting 
abundance (N) and trend (λ) were derived from the Status/Trends model described in Step 1 
above. For each hibernaculum, the model was run for 100 simulations projecting 40 years into 
the future. 

Using these projected abundance estimates, we calculated various hibernaculum-level and RPU-
level (described in Chapter 2) metrics to describe the species’ historic, current, and future 
number, health, and distribution of populations given current and future influences. Figure A-
2A7 provides the conceptual framework for the BatTool, which includes the origins of model 
inputs. 

7Sum after rounding summer and fall curtailment to nearest tenth. 
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Figure A-2A7. A schematic of the BatTool, including origins of model inputs. 
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Summer Data Analyses 

Because the population of bats monitored at a given hibernaculum disperse to many different 
locations on the summer landscape and because colony estimates are not available for all 
hibernacula, we also relied upon the results from USGS-led summer capture records and acoustic 
records analyses. These studies assessed the changes in occupancy (λ) and capture rates over 
time. We briefly describe their methodologies here; refer to Appendix 5 for further details. 

Deeley and Ford (2022, entire) assessed the change in capture rates during summer surveys to 
garner insights on change in capture rates over time and to assess reproductive conditions of 
female bats, age structure, and body condition indices of male bats. Between 1999 and 2019, 
they analyzed NLEB in 9,885 sampling events in which 1,527 (3.6%) records had sufficient 
information. Rates of capture per unit effort or per sampling event were calculated for each 
species on an annual timescale by year and by year since arrival of Pd based on Wiens et al. 
(2022, pp. 226–229) Pd-occurrence estimates. Stratton and Irvine (2022, entire) assessed recent 
change in predicted summer occupancy using stationary and mobile acoustic detector records 
and capture records across NLEB’s range. They developed a false-positive occupancy model to 
estimate probability of occurrence, annual rate of change in summertime occupancy (λavg), and 
total change in occupancy (λtot) from 2010 to 2019. Predicted occupancy was calculated for each 
10km by 10km grid cell in NLEB’s range and then aggregated to RPU and rangewide scales. 
The occupancy prediction used covariates of mean elevation, terrain ruggedness index, annual 
mean precipitation, annual mean temperature, distance to nearest wind farm, percent forest 
cover, and percent water cover to provide estimates in locations that were not sampled directly. 
Metrics of change were based on aggregating predicted occupancy between 2010 to 2019 at the 
RPU and rangewide scale. Whitby et al. (2022, entire) analyzed relative abundance of NLEB 
annually using acoustical data collected during mobile transect surveys. They analyzed the 
number of calls detected along driving routes and estimated changes in abundance over the past 
decade relative to the arrival of WNS and changes in installed wind energy facilities. These 
analyses were used to estimate rate of change in population at state and RPU scales. 

B: Adaptive Capacity Analysis 

To garner additional insights into the intrinsic (and historical) ability of NLEB to withstand 
stressors and adapt to novel changes in the environment, we used the framework put-forth by 
Thurman et al. (2020, entire). Specifically, Thurman et al. (2020, entire) developed an attribute‐
based framework for evaluating the adaptive capacity of a given species. Although the basis for 
the framework is climate change based, the attributes apply to other stressors and changes a 
species may be exposed to. They identified 12 “core” attributes out of their 36 potential attributes 
(Figure A-2B1), which collectively provide a comprehensive means of assessing adaptive 
capacity and are generally available for many species. For each attribute, a species is evaluated 
on a 5-level “low–moderate–high” scale, with criteria specified for each adaptive capacity level. 
They do not advise a composite level as many of the attributes interact and some may be “so 
important that they may overwhelm other considerations (i.e., “deal makers” or “deal breakers”). 
Using the criteria defined in Thurman et al. (2020, supporting information), we categorized 
NLEB’s level of adaptive capacity for each of the 12 core attributes (Table A-2B1) 
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Figure A-2B1. The adaptive capacity “wheel”, depicting 36 individual attributes 
organized by ecological complexes (or themes). Twelve core attributes, representing 
attributes of particular importance and for which data are widely available, are 
highlighted in light blue (from Thurman et al. 2020, Figure 1). 

Table A-2B1. Assessment of 12 core attributes of NLEB adaptive capacity (from Thurman et al. 
2020, Supporting Information). 
Core Attribute Relative Level Evidence and Relevance 
Extent of 
Occurrence 

High Broadly distributed; typically, a broader distribution is 
expected to confer higher adaptive capacity. 

Habitat 
Specialization 

Low/Moderate Summer habitat: generalist; suitable roosting habitat 
includes trees and structures (to lesser degree). However, 
specific microclimates needed for successful pregnancy and 
recruitment. Breeding/Winter habitat: specialist; requires 
suitable hibernacula. 
High site fidelity in both summer and winter. 

Commensalism 
with Humans 

Moderate Individuals or colonies infrequently utilize man-made 
structures as summer colony sites (e.g., barns, on utility 
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Core Attribute Relative Level Evidence and Relevance 
poles, behind window shutters, under bridges, and in bat 
houses) and more frequently use man-made infrastructure as 
hibernation sites (e.g., mines, tunnels, storm sewer, 
hydroelectric dam, aqueduct, dry well, crawl space). Use of 
human-made structures for summer roosts may occur in 
areas with fewer suitable roost trees (Henderson and 
Broders 2008, p. 960; Dowling and O'Dell 2018, p. 376). 

Genetic 
Diversity 

Low Although there have been few wide-ranging genetic studies 
on this species, information collected to date indicates the 
species to be panmictic (random mating within a 
population). Johnson et al. (2014, entire) assessed nuclear 
genetic diversity at one site in New York and several sites 
in West Virginia, and found little evidence of population 
structure in NLEB at watershed or regional scales. In 
addition, studies conducted in Ohio, Nova Scotia and 
Quebec, Canada, and Kentucky showed variation in NLEB 
haplotypes at local levels; however, these studies also 
indicated relatively low levels of overall genetic 
differentiation between groups and high levels of diversity 
overall (Arnold 2007, p. 157; Johnson et al. 2015, p. 12; 
Olivera-Hyde et al. 2020, p.729). 

Population Size Low Once common, populations have decreased significantly; 
adaptive capacity may decrease with smaller populations. 

Dispersal 
Distance 

Moderate/High May migrate short distances- up to 89 km (55 mi) between 
summer and winter habitat (Griffin 1940b, pp. 235, 236; 
Caire et al. 1979, p. 404; Nagorsen and Brigham 1993 p. 
88) 

Climatic Niche 
Breadth 

High Broad climatic niche breadth across range; may indicate a 
broader tolerance to climate change because they currently 
encompass a broader array of climate conditions. 

Physiological 
Tolerances 

Moderate NLEB can employ torpor during food shortages, if 
conditions allow (even in summer). Clustering and roost 
selection behavior help to limit the physiological stress from 
cold or heat waves. 

Diet Breadth High Use hawking and gleaning foraging behavior. Diverse diet 
including moths, flies, leafhoppers, caddisflies, and beetles 
(Griffith and Gates 1985, p. 452; Nagorsen and Brigham 
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Core Attribute Relative Level Evidence and Relevance 
1993, p. 88; Brack and Whitaker 2001, p. 207), with diet 
composition differing geographically and seasonally (Brack 
and Whitaker 2001, p. 208). Lepidopterans and coleopterans 
(beetles) are most commonly found insects in NLEB diet 
(Brack and Whitaker 2001, p. 207; Lee and McCracken 
2004, pp. 595–596; Feldhamer et al. 2009, p. 45; Dodd et al. 
2012, p. 1122), with arachnids also being a common prey 
item (Feldhamer et al. 2009, p. 45) 

Reproductive 
Phenology 

Low Copulation occurs in fall and winter. Females ovulate in the 
spring upon emergence from hibernacula and fertilization 
occurs soon after; duration of hibernation and timing of 
spring emergence is variable across the range. Copulation 
occasionally occurs again in the spring (Racey 1982, p. 73), 
and can occur during the winter as well (Kurta 2013, in 
litt.). 

Life Span Moderate/Low Maximum NLEB lifespan is estimated to be up to 18.5 
years (Hall et al. 1957, p. 407). 

Fecundity Low A reproductive female can produce up to one offspring 
annually. 
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Appendix 3: Supplementary Results 

A: Historical Condition 
Table A-3A1. The historical number of states/provinces, spatial extent (Extent of 
Occurrence: EOO), winter abundance, and documented hibernacula rangewide. 

# of # of Abundance 
States/Provinces EOO (acres) hibernacula (max) 

29/3 1.2 billion 737 38,131 

Table A-3A2. The historical number of hibernacula and winter abundance by RPU. 

RPU 
# of Hibernacula 

Abundance 
(max) 

East Coast 8 1,460 
Eastern Hardwoods 665 29,775 
Midwest 9 1,218 
Southeast 50 393 
Subarctic 5 5,628 

B: Current Condition 

Table A-3B1. Projected yearly rangewide number of states, spatial extent (EOO in 
acres), number of hibernacula, and median abundance under current conditions. 

Year 
# of 
States EOO (ac) 

# of 
hibernacula 

Abundance 
(median) 

2020 18 644 million 139 19,356 
2030 7 294 million 11 1,889 
2040 2 0 1 540 
2050 1 0 0 409 
2060 0 0 0 230 

Table A-3B2. Projected RPU-level number of hibernaculaand probability of population 
growth (λ)>1 (pPg) under current conditions. 

RPU Year # of Hibs pPg 
Southeast 2020 1 0 

2030 1 0.24 
2040 0 0.04 
2050 0 0.03 
2060 0 0.02 

Subarctic 2020 5 0.11 
2030 0 0.30 
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RPU Year # of Hibs pPg 
2040 0 0.30 
2050 0 0.20 
2060 0 0.21 

Eastern 
Hardwoods 2020 115 0 

2030 10 0.19 
2040 1 0.47 
2050 0 0.47 
2060 0 0.64 

East Coast 2020 1 0.07 
2030 1 0.36 
2040 0 0.09 
2050 0 0.03 
2060 0 0.01 

Midwest 2020 5 0.08 
2030 0 0.24 
2040 0 0.14 
2050 0 0.06 
2060 0 0.07 

Table A-3B3. Projected RPU median abundance (90% CI) under current conditions. 

RPU 2020 2030 2040 2050 2060 
Southeast 298 

(CI 298 – 298) 
2 
(CI 0 – 20) 

0 
(CI 0 – 6) 

0 
(CI 0 – 0) 

0 
(CI 0 – 0) 

Subarctic 5,630 
(CI 
5,630 – 5,630) 

16 
(CI 0 – 4,118) 

0 
(CI 
0 – 3,328) 

0 
(CI 
0 – 6,459) 

0 
(CI 
0 – 10,601) 

Eastern 
Hardwoods 

13,119 
(CI 
13,076 – 13,162) 

1,576 
(CI 
149 – 6,151) 

390 
(CI 
0 – 3,673) 

252 
(CI 
0 – 2,482) 

130 
(CI 
0 – 1,554) 

East Coast 187 
(CI 186 – 188) 

4 
(CI 0 – 50) 

0 
(CI 
0 – 14) 

0 
(CI 0 – 0) 

0 
(CI 0 – 0) 

Midwest 122 
(CI 108 – 136) 

4 
(CI 0 – 72) 

0 
(CI 
0 – 70) 

0 
(CI 
0 – 44) 

0 
(CI 0 – 42) 
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Table A-3B4. Summary of recent NLEB population trends from multiple data types and 
analyses. Winter Colony analysis –(Chapter 5); Summer Occupancy analysis –Stratton 
and Irvine (2022, entire); Summer Capture analysis – Deeley and Ford (2022, entire); 
and Summer Mobile Acoustic analysis – Whitby et al. (2022, entire). 1 No data available. 

Representation 
Unit 

Winter 
colony 

Summer 
occupancy 

Summer 
capture 

Summer mobile 
acoustic 

Southeast -24% -85% -47% -50% 
Eastern 
Hardwoods 

-56% -78 -43% -87% 

Subarctic -0% -63% -1 -1 

Midwest -90% -87% -77% -99.9% 
East Coast -87% -79% -43% -69% 
Rangewide -49% -80% -43% – 77% -79% 

C: Future Condition 

Table A-3C1. Projected rangewide number of states and known hibernacula with 1 or 
more bats persisting, spatial extent (EOO), number of hibernacula, and population 
abundance under future scenarios. 

Year 
# of 
States EOO (ac) 

# of 
hibernacula 

Abundance 
(median) 

2030 6 294 million 9 1,801 
2040 4 0 1 460 
2050 0 0 0 324 
2060 0 0 0 201 

Table A-3C2. Projected RPU-level number of hibernacula and probability of population 
growth (λ)>1 (pPg) over time under future scenarios. 

RPU Year 
# of 
Hibs pPg 

Southeast 
2030 0 0.19 
2040 0 0.06 
2050 0 0.03 
2060 0 0.02 

Subarctic 
2030 0 0.28 
2040 0 0.33 
2050 0 0.23 
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RPU Year 
# of 
Hibs pPg 

2060 0 0.22 
Eastern Hardwoods 

2030 8 0.20 
2040 1 0.50 
2050 0 0.52 
2060 0 0.63 

East Coast 
2030 1 0.28 
2040 0 0.10 
2050 0 0.01 
2060 0 0.00 

Midwest 
2030 0 0.27 
2040 0 0.19 
2050 0 0.10 
2060 0 0.12 

Table A-3C3. Projected RPU median abundance (90% CI) under future scenarios. 

RPU 2020 2030 2040 2050 2060 
Southeast 298 

(CI 298 – 298) 
2 
(CI 0 – 18) 

0 
(CI 0 – 2) 

0 
(CI 0 – 0) 

0 
(CI 0 – 0) 

Subarctic 5,630 
(CI 
5,630 – 56,30) 

22 
(CI 
0 – 6,199) 

0 
(CI 
0 – 5,199) 

0 
(CI 
0 – 9,974) 

0 
(CI 
0 – 11,830) 

Eastern 
Hardwoods 

13,119 
(CI 
13,076 – 13,162) 

1,358 
(CI 
107 – 5,040) 

294 
(CI 
0 – 3,385) 

174 
(CI 
0 – 2,486) 

66 
(CI 
0 – 2,297) 

East Coast 187 
(CI 186 – 187) 

6 
(CI 0 – 46) 

0 
(CI 
0 – 12) 

0 
(CI 0 – 0) 

0 
(CI 0 – 0) 

Midwest 122 
(CI 108 – 136) 

2 
(CI 0 – 74) 

0 
(CI 
0 – 73) 

0 
(CI 
0 – 83) 

0 
(CI 0 – 65) 

D: Qualitative/Comparative Threat Analysis 

To estimate the proportion of NLEB’s range with wind mortality risk in 2020, we took the 
following approach: 

1. Buffer extant (known) hibernacula by avg. migration distance (89 km) 
2. Buffer summer points by avg. migration distance (89 km) 
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3. Merge & dissolve buffered hibernacula and summer shapefiles into a “NLEB occupied” 
area, clip NLEB range by contiguous U.S. border for “NLEB U.S. range”, and clip NLEB 
occupied area by NLEB U.S. range.  

4. Buffer & dissolve current turbines (Hoen et al. 2018) by avg. migration distance for 
“wind threat” area (89 km ) 

5. Clip wind threat area by NLEBs occupied area for “NLEB wind risk” area 
6. Compare NLEB wind risk area with range area in U.S.: NLEB = 3,378,317 km2 and 2020 

wind risk area (U.S.): NLEB = 1,650,889 km2 (49% of U.S. range) (Figure A-3D1) 
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Figure A-3D1. Estimated extent of NLEB’s U.S. range with wind mortality risk. 

To estimate the proportion of NLEB’s range with wind mortality risk in 2050 (per low and high 
build-out scenarios), we took the following approach: 

1. 2050 Low Build-out Scenario: 
a. Buffer & dissolve 2050 High Wind Cost Scenario NREL data (Cole et al. 2020, 

entire) by avg. migration distance for “future wind threat: area. *Note: Future 
MW summed by 11x11-km NREL grid cell so does not capture actual distribution 
of turbines on landscape* (89 km ) 

b. Clip wind threat area by NLEB occupied areas for “NLEB 2050 low wind risk” 
area (U.S.) 

c. Compare NLEB 2050 low wind risk areas with range area in U.S. 
i. Range area (U.S.): 3,378,317 km2 

ii. 2050 low wind risk areas = 937,019 km2 (28% of U.S. range) (Figure A-
3D2) 

2. 2050 High Build-out Scenario: 
a. Buffer & dissolve 2050 Low Wind Cost Scenario NREL data (Cole et al. 2020, 

entire) by avg. migration distance for “future wind threat” area. *Note: Future 
MW summed by 11x11-km NREL grid cell so does not capture actual distribution 
of turbines on landscape*: 89 km 
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b. Clip wind threat area by NLEB occupied areas for “NLEB 2050 high wind risk” 
area (U.S.) 

c. Compare NLEB 2050 high wind risk areas with range area in U.S. 
i. Range area (U.S.): 3,378,317 km2 

ii. 2050 high wind risk areas (U.S.): 2,374,707 km2 (70% of U.S. range) 
(Figure A-3D3) 

Figure A-3D2. Estimated extent of NLEB’s U.S. range with wind mortality risk in 
2050 low build-out scenario. 
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Figure A-3D3. Estimated extent of NLEB’s U.S. range with wind mortality risk in 
2050 high build-out scenario. 

To estimate the severity of impact from wind energy related mortality, we compared scenarios to 
baseline scenarios without wind energy mortality. The results are presented in Tables A-3D1 and 
A-3D2.   

Table A-3D1. Projected median rangewide abundance given wind energy mortality under 
4 current conditions scenarios: 1) Pd model 1 and current wind energy related mortality, 
2) Pd model 1 and no wind energy related mortality, 3) Pd model 2 and current wind 
energy related mortality, 4) Pd model 2 and no wind energy related mortality. 

Scenario 2030 2040 2050 2060 
Pd Model 1 – Current mortality 804 409 1,071 2,241 
Pd Model 1 – No mortality 538 152 446 858 

% change -33% -63% -58% -62% 
Pd Model 2 – Current mortality 4,785 2,064 1,108 643 
Pd Model 2 – No mortality 3,615 1,055 526 176 

% change -24% -49% -53% -73% 

Table A-3D2. Projected median rangewide abundance given wind energy mortality under 
4 future conditions scenarios: 1) Pd model 1 and future wind energy related mortality, 2) 
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Pd model 1 and no wind energy related mortality, 3) Pd model 2 and future wind energy 
related mortality, 2) Pd model 2 and no wind energy related mortality. 

Scenario 2030 2040 2050 2060 
Pd Model 1 – low impact 
mortality 

546 108 201 340 

Pd Model 1 – future no 
mortality 

719 383 1,026 1,831 

% change -24% -72% -80% -81% 
Pd Model 2 – high impact 
mortality 

3960 1197 397 142 

Pd Model 2 – future no 
mortality 

4,938 2,210 1,278 857 

% change -20% -46% -69% -83% 
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Appendix 4: Supplemental Threat and Future Scenario Information 

A: WNS 

Background 

White-nose syndrome (WNS) is a disease of bats that is caused by the fungal pathogen 
Pseudogymnoascus destructans (Pd) (Blehert et al. 2009, entire; Turner et al. 2011, entire; Lorch 
et al. 2011, entire; Coleman and Reichard 2014, entire; Frick et al. 2016, entire; Bernard et al. 
2020, entire; Hoyt et al. 2021, entire). The disease and pathogen were first observed in eastern 
New York in 2007 (with photographs showing presence since 2006; Meteyer et al. 2009, p. 411), 
although it is likely the pathogen existed in North America for a short time prior to its discovery 
(Keller et al. 2021, p. 3; Thapa et al. 2021, p. 17). Since then, Pd and WNS have spread to 39 
states and 7 provinces, with lesions indicative of disease confirmed in 12 species of North 
America bats, including NLEB (Figure A-4A1, www.whitenosesyndrome.org; accessed May 13, 
2021; Hoyt et al. 2021, Suppl. Material). Pd invades the skin of bats, leading to significant 
morbidity and mortality that causes drastic declines in multiple species of hibernating bats. 

Figure A-4A1. Occurrence of Pd and WNS in North America based on surveillance 
efforts in the U.S. and Canada: disease confirmed (color-coded), suspected (stripes), Pd 
detected but not confirmed (solid circles), and Pd detected but inconclusive lab results 
(open circles) (www.whitenosesyndrome.org, accessed online: May 13, 2020). 

White-nose Syndrome 
As with any disease, there are three critical elements necessary for WNS to manifest: the 
pathogen, Pd; the host, hibernating bats; and a favorable environment for them to interact, the 
mainly subterranean hibernacula of bats (Turner et al. 2011, pp. 20–21).  
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• The pathogen that causes WNS, Pseudogymnoascus destructans (Gargas et al. 2009, pp. 
151–152, Lorch et al. 2011, entire, Minnis and Lindner, 2013, p. 644) grows at cold 
temperatures ranging from 0–21 degrees C, with optimal growth temperature of 12–16 
degrees C (Verant et al. 2012, p. 3), thus it is adapted to grow in conditions characteristic 
of bat hibernacula. It grows by invading the epidermis and underlying tissues of the face, 
ears and wings of bats (Meteyer et al. 2009, entire). 

• The hosts, hibernating bats, are susceptible to infection by Pd in part because the 
physiological, physical and behavioral attributes associated with prolonged use of torpor 
present the opportunity for this cold-loving fungus to invade their tissues (Lorch et al. 
2011, p. 2; Langwig et al. 2012, p. 4; Reeder et al. 2012, p. 4). In particular, hibernating 
bats overwinter in alternating states of torpor and euthermia (i.e., arousal) to survive 
prolonged periods without eating (McNab, 1982, p. 171). To use limited fat stores 
efficiently, metabolic rates are greatly reduced, along with immune functioning and other 
physiological processes (Moore et al. 2011, p. 8).  

• The environment where Pd and bats interact to cause disease is typically a winter roost 
location where bats engage in fall swarming and hibernation. The conditions of these 
locations overlap with the suitable growth requirements for Pd (Verant et al. 2012, p. 4). 
Hibernacula are often assumed to be caves and mines that provide overwinter shelter for 
large aggregations of hibernating bats, but these essential habitats take many forms and 
are used by individual bats to large, multi-species colonies. In North America, bats have 
been documented overwintering in caves, mines, rock crevices, talus, tunnels, bunkers, 
basements, bridges, aqueducts, trees, earthen burrows, leaf litter, and a variety of other 
roosts. For bats to hibernate successfully, the most important conditions are relatively 
stable- low temperatures, but generally above freezing, and high humidity (Perry, 2013, 
p. 28). Notably, many North American hibernating bats select winter roosts that range 
between –4 and 16 degrees C (0.6 degrees C to 13.0 degrees C for NLEB; summarized in 
Webb et al. 1996, p. 763). The overlap of these roost conditions and suitable growth 
conditions for Pd (reported above), combined with the behavioral and physiological 
characteristics of their torpid state, are the primary factors making hibernating bats so 
susceptible to infection by Pd. 

WNS is diagnosed histologically with the identification of “cup-like erosions” as Pd invades the 
skin tissue causing dehydration (Meteyer et al. 2009, p. 412). This fungal invasion destroys the 
protective skin tissue and disrupts water and electrolyte balance that is important to sustaining 
homeostasis through hibernation (Cryan et al. 2010, pp. 3–4; Warnecke et al. 2013, pp.3–4). 
Likely in response to the homeostatic imbalance and irritation of the skin, Pd infection leads to 
increases in the frequency and duration of arousals during hibernation and raises energetic costs 
during torpor bouts, both of which cause premature depletion of critical fat reserves (Reeder et 
al. 2012, p. 5; McGuire et al. 2017, p. 682; Cheng et al. 2019, p. 2). As a result, WNS leads to 
starvation as sick bats run out of fat needed to support critical biological functions. 

Bats suffering from WNS may exhibit a variety of behavioral changes that can alter the course of 
morbidity from the disease. In addition to altered arousal patterns, bats have been observed 
relocating to different areas of hibernacula where conditions may be advantageous for 
hibernation or disadvantageous for Pd growth (Turner et al. 2011, p. 22; Langwig et al. 2012, p. 
2; Johnson et al. 2016, p. 189). Observed changes in clustering behavior such that a greater 
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proportion of bats in a colony are seen hibernating solitarily after WNS is present rather than 
huddled with roost mates may point to a behavioral factor that affects severity of WNS (Langwig 
et al. 2012, p. 2; Kurta and Smith 2020, p. 769), but may also be a maladaptive response to 
experiencing symptoms of WNS (Wilcox et al. 2014, p. 162). In many situations, infected bats 
have been documented exiting hibernacula earlier than usual and prior to when surface 
conditions are suitable for spring emergence. Early emergence has also been observed during 
daylight hours when diurnal predators such as hawks and ravens can take advantage of bats 
weakened by disease. It is possible that bats may find water to drink and insects to prey upon at 
this time, especially in more moderate climates, thus supplementing depleted energy reserves 
(Bernard and McCracken, 2017, p. 1492–1493), but in much of NLEB’s range, exposure to 
winter conditions and predation pose a significant threat to animals evacuating from hibernacula. 
Whether within the roost or on the landscape, WNS causes high rates of mortality during the 
hibernation season for multiple species (Turner et al. 2011, entire; Cheng et al. 2021, entire). 

The weeks following emergence from hibernation also mark a critical period when bats incur 
energetic costs of clearing infection and recovering from over-winter sickness (Reichard and 
Kunz 2009, p. 461; Meteyer et al. 2012, p. 3; Field et al. 2015, p. 20; Fuller et al. 2020, pp. 7–8). 
Meteyer et al. (2012, p. 3) proposed that bats with WNS can also suffer from immune 
reconstitution inflammatory syndrome, or IRIS. In this potentially fatal condition, deep or 
systemic infections that developed during hibernation while immune function was down-
regulated trigger an excessive inflammatory response as immune function is upregulated in the 
spring (Meteyer et al. 2012, p. 5). Additionally, heavily compromised wing conditions resulting 
from overwinter infections and healing processes are likely to further limit foraging efficiency as 
the integrity of flight membranes is altered (Reichard and Kunz 2009, p. 462; Fuller et al. 2012, 
p. 6). These post-emergence complications can lead directly to mortality in addition to impacting 
reproductive success as a result of energetic constraints and trade-offs (Reichard and Kunz 2009, 
p. 462; Frick et al. 2010, p. 131; Field et al. 2015, p. 20; Fuller et al. 2020, pp. 7–8). 

Transmission of Pd among bats 
The fungus is spread via bat-bat and bat-environment-bat movement interactions (Lindner et al. 
2011, p. 246; Langwig et al. 2012, p. 1055). Transmission occurs primarily in the fall and winter 
months when bats aggregate in hibernacula (Langwig et al. 2015a, p. 4). In spring, bats that 
survive a winter exposed to Pd can rid themselves of the fungus such that individuals are largely 
free of Pd at summer roosts (Dobony et al. 2011, p. 193; Langwig et al. 2015a, p. 4). However, it 
is not uncommon for some bats to be found carrying viable Pd later into summer (Dobony et al. 
2011, p. 193; Ineson, 2020, p. 104) and Pd is capable of remaining viable in hibernacula without 
bats for extended periods (Lorch et al. 2013, p. 1298). The cool, humid conditions of hibernacula 
likely serve as environmental reservoirs for the fungal pathogen where it can survive and even 
proliferate until bats return in the fall (Reynolds et al. 2015, p. 320; Hoyt et al. 2020, p. 7259). 
Generally, bats return to winter roosts in the fall and engage in social interactions that lead to 
rapid spread of Pd from the environmental reservoir to the population (Hoyt et al. 2020, p. 7256). 
However, because hibernacula may be used throughout the year by males and non-reproductive 
females who hibernate there, as well as by other species that are more transient, including long 
distance migrants, some transmission is likely to occur year round and by other mechanisms. 
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Expansion of Pd in North America 

Since it was first detected in New York, the range of Pd in North America has increased steadily 
via bat to bat transmission, although activities of humans, including scientific research, 
recreational activity, and shipping are also likely to contribute to some short and long distance 
movements (Bernard et al. 2020, p. 5–6). Simply, Pd has spread from just a small number of 
sites in New York in 2007 to hundreds of locations across the continent in just 14 years. Several 
predictive models have identified biological, geological, climatic, ecological and behavioral 
variables correlated with the patterns and timing of its expansion (Hallam and Federico, 2012, p. 
2; Maher et al. 2012, p. 3; Alves et al. 2014, p. 2; Hefly et al. 2020, pp. 10–11). Putative barriers 
to Pd expansion have been hypothesized, but these generally have provided very short-term 
delays in Pd’s steady progression into uncontaminated areas (Miller-Butterworth et al. 2014, p. 
9; Hoyt et al. 2021 p. 3). While these obstacles to natural disease spread may delay arrival of Pd, 
when the fungus does pass them either via dispersing bats or via inadvertent transport by 
humans, it has led to disease and continued spread of the fungus on the other side (Miller-
Butterworth et al. 2014, p. 9; Lorch et al. 2016, p. 4). Because the above published models have 
fallen behind reality in their predictions, we used two models to describe past occurrence of Pd 
and to predict its future expansion in North America (see Figure A-2A4, methods described 
above). 

Establishment of Pd 

With the arrival of Pd at a new location, progression of the disease proceeds similarly to many 
emerging infectious diseases through stages of invasion, epidemic, and establishment (Langwig 
et al. 2015b, p. 196; Cheng et al. 2021, entire). During invasion (years 0–1), the fungus arrives 
on a few bats and spreads through the colony until most individuals are exposed to and carry it. 
As the amount of Pd on bats and in the environmental reservoir increases, the epidemic (years 2– 
4) proceeds with high occurrence of disease and mortality. By the fifth year after arrival of Pd, 
the pathogen is established (years 5–7) in the population. Then 8 years after its arrival, Pd is 
determined to be endemic (Langwig et al. 2015b, p. 196; Cheng et al. 2022, p. 205). Although 
methods for detecting Pd have changed over time, it is apparent with few exceptions that 
morbidity and mortality associated with WNS occurs within a year or two after Pd has been 
observed in a population (Frick et al. 2017, pp. 627–629; Hoyt et al. 2020 p. 7259). With the 
publication by Muller et al. (2013, entire), the use of polymerase chain reaction (PCR) to confirm 
the presence of Pd became the gold standard for diagnosing WNS. This technique provided 
greater confidence in Pd detection and improved our understanding of the disease progression.  

Langwig et al. (2015a, pp. 3–4) and Hoyt et al. (2020, p. 7257) quantified the proportion of bats 
on which Pd is detected (prevalence) and the amount of Pd on bats (load) in the years after Pd 
invades and establishes itself in a site. In general, when Pd is first detectable (by PCR), a 
relatively small number of bats carry the fungus in low loads. These values increase throughout 
the first winter at varying rates among species. By the end of the first winter, Pd is detectable 
both on bats and on surfaces of the roost. In the second year after detection, Pd loads and 
prevalence pick up near where they were the previous year; prevalence and load are at 
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significantly higher levels in the fall and early winter, and prevalence approaches 1 (i.e., all bats 
are infected) by mid-winter for NLEB (Frick et al. 2017, p. 627).  

There are a few exceptions in which evidence of Pd has been detected in a site and then not 
detected at that site in subsequent years. These occurrences may represent failed invasions by Pd. 
In Iowa, for example, molecular tests revealed evidence suggestive of Pd being present, but 
WNS was not confirmed at that location for several more years. In California, Pd has not been 
detected in two subsequent years after initial evidence was detected (S. Osborne 2021, California 
Department of Fish and Game, personal communication). There are also examples that do not fit 
the expected disease progression described above. At Tippy Dam in Michigan, Pd has been 
present for over 5 years without indication of WNS in little brown bats, although NLEB are no 
longer observed at this location (Kurta et al. 2020, p. 584). The factors contributing to this 
atypical scenario are under investigation. It has also been posited that WNS may have a southern 
limit where disease is less likely to impact populations (Hallam and Federico 2012 p. 9; Hoyt et 
al. 2021, pp. 6–7). Nevertheless, the overwhelming pattern has been that WNS develops in a 
population soon after the arrival of Pd. Still, because environmental reservoirs of the pathogen 
play an important role in its transmission, hibernacula that become unsuitable for Pd during 
summer (e.g., too warm or dry) may reduce the amount of fungus in the environment between 
hibernation seasons, leading to lesser or delayed development of WNS (Hoyt et al. 2020, pp. 
7257–7258). To date, these exceptions where colonies experience less severe impacts from WNS 
compared to the majority of colonies are not reliably predictable based on geographic or 
biological features, although see “Persistence of impacted populations” below. 

Impacts of WNS 

The impacts of white-nose syndrome are severe among species that were the first observed with 
the disease. This pattern has remained true over a large area as Pd has continued to expand its 
range affecting previously unexposed colonies of hibernating bats. Four years after the discovery 
of WNS, Turner et al. (2011) estimated total declines of 98% for NLEB at 42 sites with WNS in 
Vermont, New York, and Pennsylvania. Later, with data from six states (Vermont, New York, 
Pennsylvania, Maryland, Virginia, West Virginia), Frick et al. (2015) estimated that median 
colony size decreased by 90% and NLEB was extirpated from 69% of historical hibernacula 
(Frick et al. 2015. P. 5). Hoyt et al. (2021, p. 7) summarized overall declines from WNS to be 
“drastic” for NLEB in both the Northeast and Midwest regions. Using data from 27 states and 2 
provinces, the most complete dataset available at the time, Cheng et al. (2021, entire) reported 
similar patterns. They estimated that WNS has caused 97–100% decline in NLEB across 79% of 
their range (Figure 4.4; Cheng et al. 2021, entire). Although there are ecological and 
environmental differences across the currently affected regions of North America, WNS has 
consistently caused significant declines in populations of NLEB (Figure 4.4), with very few 
examples of colonies that are avoiding the impacts (Figure 4.6). 

Conservation Measures Associated with WNS 

There are multiple national and international efforts underway in an attempt to reduce the 
impacts of WNS. To date, there are no proven measures to reduce the severity of impacts. 
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Efforts associated with the national response to WNS were initially aimed at determining the 
cause of the disease and reducing or slowing its spread. The response broadened and was 
formalized by the National Plan for Assisting States, Federal Agencies, and Tribes in Managing 
White-nose Syndrome in Bats which provides the strategic framework for implementation of a 
collaborative, national response to WNS by State, Federal, Tribal and non-governmental partners 
(USFWS 2011, entire). The U.S. plan integrates closely with a sister plan for Canada, assuring a 
coordinated response across much of North America. Implementation of the WNS National Plan 
is overseen by executive and steering committees comprising representation from the 
Department of Interior, Department of Agriculture, Department of Defense, and state wildlife 
agencies under the authority of a multi-species recovery team under the ESA, with the USFWS 
serving the lead coordinating role. In 2021, the WNS National Plan is being revised to reflect 
current state of knowledge and identify key elements to continue to effectively respond to this 
disease. Goals and actions address the greatest needs and knowledge gaps to be pursued, 
including: coordinated disease surveillance and diagnostic efforts; inter-programmatic data 
management; development and implementation of disease management, conservation and 
recovery strategies; and communication and outreach among partners and with the public. These 
efforts are also supported by the North American Bat Monitoring Program (NABat), which is co-
led by USGS and USFWS, to integrate data across jurisdictional borders in support of population 
level information that supports management decisions at different scales. Actions under the 
National Plan are intended to be supported through multiple funding programs in different 
agencies. For several years, many state, Federal, Tribal, and private partners have annually 
provided funding and physical efforts or both toward WNS research. For its part, the USFWS 
supports management activities of many partners, research to address key information needs, and 
development and application of management solutions. The USFWS maintains a website 
(www.whitenosesyndrome.org) and social media accounts to address many of the 
communication needs for both internal and external audiences.  

Over 100 state and Federal agencies, Tribes, organizations and institutions are engaged in this 
collaborative work to combat WNS and conserve affected bats. Partners from all 37 states in 
NLEB’s range, Canada, and Mexico are engaged in collaborations to conduct disease 
surveillance, population monitoring, and management actions in preparation for or response to 
WNS. 

B: Wind 

Background 

Wind power is a rapidly growing portion of North America’s clean energy sector due to its small 
footprint, lack of carbon emissions, changes in state’s renewable energy goals and recent 
technological advancements in the field allowing turbines to be placed in less windy areas. As of 
2019, wind power was the largest source of renewable energy in the country, providing 7.2% of 
U.S. energy (American Wind Energy Association 2020, p. 1). Modern utility-scale wind power 
installations (wind facilities) often have tens or hundreds of turbines installed in a given area, 
generating hundreds of MW of energy each year. Installed wind capacity in the U.S. as of 2020 
was 104,628 MW (Hoen et al. 2018, entire; USFWS unpublished data). 
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Wind related NLEB mortality, while often overshadowed by the disproportionate impacts to tree 
bats and by the enormity of WNS, is also proving to be a consequential stressor at local and 
regional levels. The remarkable potential for bat mortality at wind facilities became known 
around 2003, when post-construction studies at the Buffalo Mountain, Tennessee, and 
Mountaineer, West Virginia, wind projects documented the highest bat mortalities reported at the 
time8 (31.4 bats/MW and 31.7 bats/MW, respectively; Kerns and Kerlinger 2004, p. 15; 
Nicholson et al. 2005, p. 27). Bat mortalities continue to be documented at wind power 
installations across North America. 

Mechanism behind bat mortality 

Most bat mortality at wind energy projects is caused by direct collisions with moving turbine 
blades (Grodsky et al. 2011, p. 920; Rollins et al. 2012, p. 365). Barotrauma--a rapid air pressure 
change causing tissue damage to air-containing structures such as the lungs—may also contribute 
to bat mortality (Baerwald et al. 2008, pp. 695–696; Cryan and Barclay 2009, p. 1331; Rollins et 
al 2012, p. 368–369; Peste et al. 2015, p. 11), although impact trauma is likely the cause of most 
wind-related bat mortality (Lawson et al. 2020; entire).11). Grodsky et al. (2011, 924) further 
hypothesize that direct collision with turbine blades may cause delayed lethal effects (i.e., injured 
bats may leave the search area before succumbing to injuries; turbines may damage bats’ ears, 
negatively affecting their ability to echolocate, navigate, and forage), thus causing an 
underestimation of true bat mortality. 

Bats may be attracted to turbines (Solick et al. 2020, entire; Richardson et al. 2021, entire), 
though support for this is limited. Some hypotheses for bat attraction to wind turbines include the 
sound of moving blades, blade motion, insect aggregations near these structures, turbines as 
potential roost structures, and turbines as mating locations (Kunz et al. 2007, pp. 317–319, 321; 
National Research Council 2007, p. 97; Cryan and Barclay 2009, pp. 1334–1335, Cryan et al. 
2014 p. 15128). Horn et al. (2008a, p. 14; 2008b, p. 126) observed bats flying within the turbine 
blade’s rotor swept zone at wind projects in New York and West Virginia and noted that bats 
were actively feeding and foraging around moving and non-moving blades (2008b, p. 130), 
while Cryan et al. (2014, p. 15127) observed bats altering course towards turbines using thermal 
imagery. 

Bat mortality tends to exhibit a seasonal pattern, with mortality peaking generally in the late 
summer and early fall (Erickson et al. 2002, p. 39; Arnett et al. 2008, p. 65; Taucher et al. 2012, 
pp. 25–26; Bird Studies Canada et al. 2018, pp. 28, 32, 33, 46). Based on our analysis, 6.5, 25.5, 
and 68.0% of bat fatalities occur during the spring, summer, and fall periods, respectively 
(USFWS 2016, pp. 4-12, 4-15). Temperature and wind speed may also indirectly influence bats 
risk of collision risk with wind turbines. Bat activity is higher during nights of low wind speed 
and warmer temperatures (Arnett et al. 2006, p. 18), and is lower during periods of rain, low 
temperatures, and strong winds (Anthony et al. 1981, 154–155; Erkert 1982, pp. 201–242; 
Erickson and West 2002, p. 22; Lacki et al. 2007, p. 89). 

8Higher wind fatality rates have since been reported (e.g., Schirmacher et al. 2018, p. 52; USFWS 2019, p. 32 and 
69). 
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Bat Mortality 

Bat mortality varies across wind facilities, between seasons, and among species. Consistently, 
three species–hoary bats (Lasiurus cinereus), silver-haired bats (Lasionycteris noctivagans), and 
eastern red bats (Lasiurus borealis)–comprise the majority of all known bat fatalities (e.g., 74– 
90%). The disproportionate amount of fatalities involving these species has resulted in less 
attention and concern for other non-listed bat species. However, there is 
notable spatial overlap between NLEB occurrences and wind facilities along with NLEB 
mortality documented (Figure 4.7). Based on October 2020 installed MW capacity (Hoen et al. 
2018, USFWS unpublished data), we estimated 122 NLEB are annually killed at wind facilities 
(Table 4.1; Udell et al. 2022, entire). Data from Whitby et al. (2022, entire) analyses suggest that 
the impact of wind related mortality is discernible in the ongoing decline of 
NLEB. We compared a no wind baseline scenario to current and future wind scenarios. The 
percent change in abundance relative to the baseline no wind scenario ranges from a 24% 
decrease by 2030 under the current wind scenario to a 83% decrease by 2060 under the future 
high impact wind scenarios (see Tables A-3D1–2). Whitby et al. (2022, entire) found a decline in 
the predicted relative abundance of NLEB as wind energy risk index increased. 

Conservation Measures 

To reduce bat fatalities, some facilities “feather” turbine blades (i.e., pitch turbine blades parallel 
with the prevailing wind direction to slow rotation speeds) at low wind speeds when bats are 
more at risk (Hein et al. 2021, p. 28). The wind speed at which the turbine blades begin to 
generate electricity is known as the "cut-in speed," and this can be set at the manufacturer's speed 
or at a higher threshold, typically referred to as curtailment. The effectiveness of feathering 
below various cut-in speeds differs among sites and years (Arnett et al. 2013, entire; 
Berthinussen et al. 2021, pp. 94–106); nonetheless, most studies have shown all-bat fatality 
reductions of >50% associated with raising cut-in speeds by 1.0–3.0 meters per second (m/s) 
above the manufacturer’s cut-in speed (Arnett et al. 2013, entire; USFWS unpublished data). The 
effectiveness of curtailment at reducing species-specific fatality rates for NLEB has not been 
documented.  

Our wind threat analysis incorporated available curtailment data for existing facilities, and to a 
limited degree, accounted for future curtailment (see Appendix 2-A). Although effective, 
curtailment results in energy and revenue losses, which may limit the viability of widespread 
implementation (Hein and Straw 2021, p. 28). Based on available data (USFWS, unpublished 
data), most current curtailment is implemented as part of Habitat Conservation Plans developed 
to support Incidental Take Permits or Technical Assistance Letters detailing methods to avoid 
incidental take of Indiana bat, and these areas with risk to Indiana bat do not fully overlap with 
those where NLEB and other species may be susceptible to mortality. 

However, there are many ongoing efforts to improve our understanding of bat interactions with 
wind turbines and explore additional strategies for reducing bat mortality at wind facilities. For 
example, the use of ultrasonic acoustic bat deterrents mounted on turbine towers, blades, and 
nacelles is an emerging research field showing some promise at reducing bat fatalities (Arnett et 
al. 2013, entire; Romano et al. 2019, entire; Schirmacher et al. 2020, entire; Weaver et al. 2020, 
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entire; Berthinussen et al. 2021, pp. 88–91). Acoustic-activated “smart” curtailment aims to 
focus operational curtailment when bat activity is detected in real time (e.g., Hayes et al. 2019, 
entire; Berthinussen et al. 2021, pp. 105–106; Hein and Straw 2021, pp. 29–30). Additionally, 
USGS is testing whether illuminating turbines with dim ultraviolet light may deter bats from 
approaching them (Cryan et al. 2016, entire; Berthinussen et al. 2021, p. 91; Hein and Straw 
2021, pp. 23–24). Further, researchers have tested applying a textured coating to the surface of 
the turbine to alter bats’ perception of the turbine (Bennett and Hale 2019, entire; Berthinussen et 
al. 2021, pp. 87–88; Hein and Straw 2021, p. 24). These and other methods of reducing bat 
mortality are still in the research phase, and to date, there are no broadly proven and accepted 
measures to reduce the severity of impacts beyond various operational strategies (e.g., feathering 
turbine blades when bats are most likely to be active). 

C: Climate Change 

Background 

There is growing concern about impacts to bat populations in response to climate change (for 
example, Jones et al. 2009, entire; Jones and Rebelo 2013, entire, O’Shea et al. 2016, p. 9). Jones 
et al. (2009, p. 94) identified several climate change factors that may impact bats including 
changes in hibernation, mortality from extreme drought, cold, or rainfall, cyclones, loss of roosts 
from sea level rise, and impacts from human responses to climate change (e.g., wind turbines). 
Sherwin et al. (2013, entire) reviewed potential impacts of climate change on foraging, roosting, 
reproduction, and biogeography of bats and also discussed extreme weather events and indirect 
effects of climate change. However, the impact of climate change is unknown for most species 
(Hammerson et al. 2017, p. 150). In particular, there are questions about whether some negative 
effects will be offset by other positive effects, whether population losses in one part of a species' 
range will be offset by gains in other regions, and the degree to which bats can adapt by adjusting 
their ecological and phenological characteristics (Hammerson et al. 2017, p. 150). For example, 
Lucan et al. (2013, p. 157) suggested that while rising spring temperatures may have a positive 
effect on juvenile survival, increasing incidence of climatic extremes, such as excessive summer 
precipitation, may counter this effect by reducing reproductive success. While there may be a 
variety of ways that climate change directly or indirectly effects NLEB, here we summarize 
information on the effect of increasing temperatures and changes in precipitation. 
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Increased annual temperature 

Global average temperature has increased by 1.7 degrees F (0.9 degrees C) between 1901 and 
2016 (Hayhoe et al. 2018, p. 76). Over the contiguous U.S., annual average temperature has 
increased by 1.2 degrees F (0.7 degrees C) for the period of 1986 to 2016 relative to 1901 to 
1960 (Hayhoe et al. 2018, p. 86). At a regional scale, each National Climate Assessment region 
also increased in temperature during that time with the largest changes in the west with average 
increases of more than 1.5 degrees F (0.8 degrees C) in Alaska, the Northwest, the Southwest 
and the Northern Great Plans and the least change in the Southeast (Hayhoe et al. 2018, p. 86). 

Increased annual temperatures are likely to change bat activity and phenology. For example, 
increased winter temperatures may reduce hibernation period due to longer fall activity or earlier 
spring emergence (Jones et al. 2009, p. 99). Rodenhouse et al. (2009, p. 250) suggest that 
hibernation may be shortened by 4 to 6 weeks by the end of this century. Reduced hibernation 
periods may decrease the duration that an individual bat is exposed to Pd and effects of WNS 
(Langwig et al. 2015a, p. 5).  

With increasing temperatures, earlier spring emergence has been documented for cave-roosting 
bats in Virginia (Muthersbaugh et al. 2019, p. 1). After earlier arrival to summer habitat, if spring 
weather remains favorable (warm, dry and calm nights providing suitable foraging conditions for 
bats), this could result in earlier parturition (Racey and Swift 1981, pp. 123–125; Jones et al. 
2009, p. 99; Linton and MacDonald 2018, p. 1086) and increased reproductive success (Frick et 
al. 2010, p. 133; Linton and MacDonald 2018, p. 1086). However, earlier emergence increases 
the risk of exposure to lethal cold snaps (Jones et al. 2009, p. 99). 

Increased temperatures may expand the suitable window for nightly foraging opportunities 
thereby increasing per night caloric intake. Low ambient temperatures reduce flying insect 
activity and bat foraging (Anthony et al. 1981, p. 155), while higher average temperatures may 
result in more frequent suitable foraging nights, particularly during the pre-hibernation fattening 
period. 

Bats that hibernate in temperate regions require temperatures above freezing but cool enough to 
save energy through torpor (Perry 2013, p. 28). Increased ambient surface temperatures change 
hibernacula temperatures which then influences their ability to meet the needs of hibernating 
bats. However, increased ambient surface temperatures will not affect all hibernacula or all parts 
of a given hibernaculum equally. Hibernaculum microclimate is influenced by a variety of 
factors including the size, complexity, and location of the site (Tuttle and Stevenson 1978, pp. 
109–113). In addition, temperatures of microsites near entrances are strongly correlated to 
external ambient temperatures compared to microsites deep within hibernacula (Dwyer 1971, p. 
427; Boyles 2016, p. 21). Therefore, changes in ambient temperatures are anticipated to result in 
the greatest changes to portions of hibernacula nearest entrances. 

In warmer regions, caves and mines that trap cold air produce beneficial conditions for 
hibernacula, while in colder regions sites that trap warm air will be more suitable (Perry 2013, p. 
33; Kurta and Smith 2014, p. 595). Consequently, a northern site that is suitable today in part for 
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its ability to trap warm air while surface temperatures are very low may become unsuitable as 
mean annual surface temperature increases. 

Indiana bats have been documented to use a wide variety of microclimates within hibernacula 
and Boyles (2016, p. 34) suggests that the most valuable caves for protection might be the ones 
with the widest variety of microclimates available. Briggler and Prather (2003, p. 411) similarly 
found that more tricolored bats were found in caves with wide temperature gradients available. 
These more complex hibernacula will be less influenced by changes in surface ambient 
temperatures. 

Variations in ambient temperature increase energy expenditure of hibernating bats (Boyles and 
McKechnie 2010, p. 1645); therefore, stable microsites may be advantageous. Increased ambient 
temperatures may reduce reliance on relatively stable temperatures associated with underground 
hibernation sites (Jones et al. 2009, p. 99). However, variation in ambient temperature (e.g., 
increases in spring) may decrease the energetic costs of arousing from hibernation and serve as a 
signal that surface conditions are suitable for emergence and foraging (Boyles 2016, p. 36).  

Increased hibernacula temperatures may influence overwinter survival rates. If more frequent bat 
arousals occur, bats will burn through fat reserves more quickly. While insect abundance may 
also increase in winter, it is unknown whether they will become sufficiently abundant to offset 
the increased energetic costs associated with more frequent arousal by bats (Rodenhouse et al. 
2009, p. 251; Jones and Rebelo 2013, p. 464). Changes to hibernacula temperatures could 
potentially alter the severity of WNS in these sites (Martínková et al. 2018, p. 1747). For 
example, a hibernaculum with temperature below the optimal growth rate for Pd could shift into 
the optimal temperature range, thus increasing infection at the site. 

Lastly, increased temperatures may result in range shifts of the bats, forest communities, and 
invasive species. With increasing temperatures, a poleward range expansion of temperate-zone 
species is predicted (Humphries et al. 2004, p. 154). Kuhl's pipistrelle (Pipistrellus kuhlii) has 
already undergone a substantial northward range shift over the past 15 years (Jones et al. 2009, p. 
100), and Lundy et al. (2010, entire) suggested that the migratory Nathusius’ pipistrelle 
(Pipistrellus nathusii) has expanded its range in the United Kingdom in response to climate 
change and will continue to do so. The ranges of European bats are forecasted to show 
considerable shifts, with species in the Boreal Zone experiencing the greatest change and risk of 
extinction (Rebelo et al. 2010, p. 568). Many species have little or no overlap between their 
current and predicted range and face enhanced extinction risk (Rebelo et al. 2010, p. 572). Loeb 
and Winters (2012, pp. 5–8) found the suitability of an area for Indiana bat maternity colonies 
declines once the average summer maximum temperature reaches 27.4 degrees C (81.3 degrees 
F) and predicts a range contraction and northward shift based on climate projections. 

Any northern range shifts, however, will be limited based on availability of suitable hibernacula 
and energetic requirements for hibernation and migration. Humphries et al. (2002, p. 315) 
predicted that minimum accumulated fat stores of little brown bats are currently inadequate for 
surviving hibernation throughout the northern portions of the Canadian provinces and the 
maximum possible fat stores are inadequate for most of Alaska and Canadian territories. When 
considering a predicted increase of 6 to 8 degrees C (10.8 to 14.4 degrees F), the region of 
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suitable hibernation is expected to expand with a northward shift of approximately 6 km (3.7 mi) 
per year over the next 80 years (Humphries et al. 2002, pp. 315–316) (Figure A-4C1). 

Figure A-4C1. Observed and predicted little brown bat range distributions in northern 
North America (from Humphries et al. 2002, Figure 3). 

While more northerly sites may become suitable for hibernation, there may be other constraints 
on successful recruitment at higher latitudes. The active season is shorter in higher latitudes or 
elevations which may be particularly important for juveniles. Juvenile little brown bats take 
longer than adults to gain sufficient fat stores for hibernation and shorter active seasons limit 
their capacity to grow and fatten before their first winter (Kunz et al. 1998, pp. 10–13; 
Humphries et al. 2002, p. 315). Higher elevations have similar climatic influences as higher 
latitudes and significantly fewer reproductive female little brown bats are captured at higher 
elevations in Pennsylvania, West Virginia and Virginia with a similar pattern for tricolored bats 
in West Virginia (Brack et al. 2002, pp. 24–26).  

While bats may be more flexible than other mammals in shifting their ranges, given their ability 
to fly, the ability of individuals to reach new climatically suitable areas will be impacted by loss 
and fragmentation of habitat (Thomas et al. 2004, p. 147). The availability of ample suitable 
roosts may be one of the most limiting resources for bats (Scheel et al. 1996, p. 453). This may 
be of special concern for tree-dwelling bats since the rate of climate change may be too fast to 
allow the development of mature forests in the new climatically suitable areas in the north 
(Rebelo et al. 2010, p. 573). 

Changes in Precipitation 
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Increased temperatures interact with changes in precipitation patterns and results may differ 
regionally. Annual average precipitation has increased by 4% since 1901 across the entire U.S. 
with increases over the Northeast, Midwest and Great Plains and decreases over parts of the 
Southwest and Southeast (Easterling et al. 2017, p. 208; Hayhoe et al. 2018, p. 88) (Figure A-
4C2). The frequency and intensity of heavy precipitation events across the U.S. have increased 
more than increases in average precipitation (Hayhoe et al. 2018, p. 88). 

Figure A-4C2. Annual and seasonal changes in precipitation over the U.S. Changes are 
the average for present-day (1986–2015) minus the average for the first half of the last 
century (1901–1960 for the contiguous U.S., 1925–1960 for Alaska and Hawai‘i) divided 
by the average for the first half of the century (Easterling et al. 2017, Figure 7.1). 

In arid regions, any further reductions in water availability from human uses, reductions in 
snowpack, or droughts will amplify existing constraints. Spring snow cover extent and maximum 
snow depth has declined in North America and snow water equivalent and snowpack has 
declined in the western U.S. (Hayhoe et al. 2018, p. 90). Bats rely on access to free water for 
thermoregulation, foraging, and reproduction (Adams and Hayes 2008, pp. 1117–1119). In the 
Rocky Mountains, drought and reduced standing water appears associated with decreased 
reproduction in bats (Adams 2010, entire). Years that were hotter and drier had a higher 

145 



 

 
 

   
 

    
  

   
 

 

 
 

  
  

 
 

     
  

   

(9 X 10- 1~)X 11 m 
R~ = 0.54 

• 
• 

Me.an high tempera.tu re ,(0 C} 

• 
• y = 54.897x- ' 

R~ = 0.72 

• 
20 30 40 50 60 70 80 

leari proolpltalio (m ) 

a 

• 

32 33 

b 

• 
90 1'0[) 

$ 0.6-----------------, 
C -a _ E o.s. 

0 $!1 
[)' !1> 0,4 
C: ~ : 
§ g 0,3 
C,.:Ji 

21' 2 0,2' 
LL Q. 

Cl), 0.1 

. I 

Y '- 0,6123x -O.?!J-C., 
R 2 "' 0.62 

C • g 0 +-------r----.--------r----.------t 
0 5 10 15 20 25 

Stream dis-charge rate (m~ls) 

incidence of non-reproductive females for all species and 64% of adult female little brown bats 
were non-reproductive in the drought years of 2007 and 2008 (Adams 2010, pp. 2440–2442) 
(Figure A-4C3). While cooler and wetter springs resulted in shifts in parturition dates (Grindal et 
al. 1992, p. 342; Linton and MacDonald 2018, p. 1086), drought years resulted in an overall 
reduction in the percentage of bats that were reproductive at all (Adams 2010, p. 2442). Readily 
available water sources appear to be particularly important during lactation (Adams and Hayes 
2008, pp. 1117–1120). 

Figure A-4C3. Relationships between the frequency of non-reproductive
 females captured from 1996 through 2008 and (a) mean high temperature (R -0.74, P = 
0.001), (b) mean precipitation (R -0.85, P = 0.0001), and (c) stream discharge rate (R -
0.79, P = 0.001(Adams 2010, Figure 2). 

In temperate regions, increased cumulative annual rainfall may lead to increases in the 
abundance of insects such as dipterans and lepidopterans and is correlated with higher little 
brown bat survival rates (Frick et al. 2010, pp. 131–133). They suggest that increased insect 
abundance associated with higher moisture availability was the likely driver and this relationship 
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may vary based on the timing of precipitation (Frick et al. 2010, p. 133). Drying summer 
conditions may negatively impact aquatic insect prey and little brown bats in the northeastern 
U.S. (Rodenhouse et al. 2009, p. 250; Frick et al. 2010, p. 133). Small mammals with high 
energy demands like bats, may be particularly vulnerable to changes in food supply (Rodenhouse 
et al. 2009, p. 250).  

More precipitation has been falling as rain rather than snow in many parts of the central and 
eastern U.S. (Hayhoe et al. 2018, p. 90). For example, increased winter temperatures are 
associated with decreases in Great Lakes ice cover and increases in winter precipitation 
occurring as rain. The extent and duration of lake ice on the Great Lakes are two of the principal 
factors controlling the amount of lake-effect snow (provided the air temperatures are sufficiently 
cool). When large areas of the lakes are covered with ice, the moisture cycle that generates lake-
effect snow systems is greatly diminished (Brown and Duguay 2010, p. 692). During the first 
half of the 20th century there was an increase in snowfall in the Great Lakes Basin; however, 
recent studies have shown a decline through the latter half of the 20th and early 21st century 
(Baijnath-Rodino et al. 2018, p. 3947). Similarly, Suriano et al. (2019, pp. 4) found a reduction 
in snow depth in the Great Lakes Basin of approximately 25% from 1960 to 2009. Trends in 
snowfall and snow depth during this timeframe are variable by subbasin (Suriano et al. 2019, pp. 
5–6) and there was a significant increase of the number of ablation events (i.e., snow mass loss 
from melt, sublimation, or evaporation) in many areas (Suriano et al. 2019, pp. 6–7). These 
events are associated with rapid snow melt and often lead to localized flooding. Hibernacula that 
already faced periodic flooding would be expected to have an increased risk in these areas. 

While sufficient moisture is important, too much precipitation during the spring can also result in 
negative consequences to insectivorous bats. During precipitation events there may be decreased 
insect availability and reduced echolocation ability (Geipel et al. 2019, p. 4) resulting in 
decreased foraging success. Precipitation also wets bat fur, reducing its insulating value (Webb 
and King 1984, p. 190; Burles et al. 2009, p. 132) and increasing a bat’s metabolic rate (Voigt et 
al. 2011, pp. 794–795). Given these consequences, bats are likely to reduce their foraging bouts 
during these heavy rain events. 

There is a balancing act that insectivorous bats perform, balancing the costs of flight, 
thermoregulation and reproduction versus energetic gains from foraging. When bats arrive at 
maternity areas in the spring, they are stressed after a lengthy hibernation period, a potentially 
long migration, and the demands of early pregnancy. During this period when their energetic and 
nutritional requirements are highest, food (flying insects) is relatively scarce, due to cool and wet 
weather (Kurta 2005, p. 20). Adverse weather, such as cold spells, increases energetic costs for 
thermoregulation and decreases availability of insect prey (the available energy supply). Bats 
may respond to a negative energy balance by using daily torpor which conserves consumed and 
stored energy, and probably minimizes mortality. This has significant implications for their 
survival or reproduction. 

Also, as mentioned above, increased rainfall during pregnancy and lactation may delay 
parturition or reduce reproductive success (Racey and Swift 1981, pp. 123–125; Grindal et al. 
1992, p. 128; Burles et al. 2009, pp. 135–136; Linton and MacDonald 2018, p. 1086). Some 
females may not bear a pup in years with adverse weather conditions (Barclay et al. 2004, p. 
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691). Young bats who are born and develop later in the season have less time to develop to 
successfully forage and to build the fat stores needed to meet the energy demands of migration 
and hibernation (Humphrey 1975, p. 339). Frick et al. (2010, pp. 131–132) found that little 
brown bats born even a few weeks later in the summer have significantly lower first-year 
survival rates and are significantly less likely to return to the maternity colony site to breed in 
their first year. 

Early in the summer, females are under heavy energy requirements to supply their developing 
fetuses. After giving birth, the adult females experience increased energy needs due to the 
requirements of lactation and the need to return to the roost during night foraging times to feed 
their non-volant pups (Murray and Kurta 2004, p. 4). Later in the summer as the pups become 
volant, these inexperienced and relatively inefficient flyers must expend increased levels of 
energy as they are growing and learning to feed. Once weaned, young-of-the-year bats must 
consume enough on their own to migrate to hibernacula and store sufficient fat for the coming 
winter. 

Interaction with WNS-affected Bats 

Regardless of the source of increased stress (e.g., reduced foraging, reduced free standing water), 
because of WNS, there are additional energetic demands for bats. Because WNS causes 
premature fat depletion, affected bats have less fat reserves than non-WNS-affected bats when 
they emerge from hibernation (Warnecke et al. 2012, p. 2–3). In addition, WNS-affected 
bats have wing damage (Meteyer et al. 2009, entire; Reichard and Kunz 2009, entire) that makes 
flight (migration and foraging) more challenging and results in increased energetic demands 
associated with the healing process (Davy et al. 2017, pp. 619–612; Meierhofer et al. 2018, p. 
487; Fuller et al. 2020, p. 8). 

Females that migrate successfully to their summer habitat must partition energy resources 
between foraging, keeping warm, sustaining fetal development and recovering from the disease. 
Bats may use torpor to conserve energy during cold, wet weather when insect activity is reduced 
and increased energy is needed to thermoregulate. However, use of torpor reduces healing 
opportunities as immune responses are suppressed (Field et al. 2018, p. 3731). 

Dobony et al. (2011, entire) observed a little brown bat colony prior to and after onset of WNS 
impacts and found evidence of lower reproductive rates in the years immediately after WNS was 
first documented to affect the colony. Francl et al. (2012, p. 36) observed a reduction in juveniles 
captured pre- and post-WNS in West Virginia, suggesting similarly reduced reproductive rates. 
Meierhofer et al. (2018, p. 486) found higher resting metabolic rates in WNS-infected (vs. 
uninfected) little brown bats, suggesting additional energy costs during spring in WNS survivors. 

Future climate conditions 

Over the next few decades, annual average temperature over the contiguous U.S. is projected to 
increase by about 2.2 degrees F (1.2 degrees C), relative to 1985 to 2015 regardless of future 
scenario (Hayhoe et al. 2018, p. 86; Figure A-4C4). Larger increases are projected by late 
century of 2.3 to 6.7 degrees F (1.3 to 3.7 degrees C) under RCP4.5 and 5.4 to 11.0 degrees F 
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(3.0 to 6.1 degrees C) and 5.4 to 11.0 degrees F (3.0 to 6.1 degrees C) under RCP8.5, relative to 
1986 to 2015 (Hayhoe et al. 2018, p. 86). For the period of 2070 to 2099 relative to 1986 to 
2015, precipitation increases of up to 20 and 30% are projected in winter and spring for north 
central U.S. and Alaska, respectively, with decreases by 20% or more in the Southwest in spring 
(Hayhoe et al. 2018, p. 88). The frequency and intensity of heavy precipitation events are 
expected to continue to increase across the U.S., with the largest increases in the Northeast and 
Midwest (Hayhoe et al. 2018, p. 88). Projections show large declines in snowpack in the western 
U.S. and shifts of snow to rain in many parts of the central and eastern U.S. (Hayhoe et al. 2018, 
p. 91). 

NLEB’s responses to these changes are expected to be similar to what has already been observed 
in North American insectivorous bats, such as little brown bat (see above). This includes reduced 
reproduction in the Rocky Mountains due to drought conditions leading to declines in available 
drinking water (Adams 2010, pp. 2440–2442) and reduced adult survival during dry years in the 
Northeast (Frick et al. 2010, pp. 131–133). However, the timing of rain events is also important 
as reduced reproduction has been observed during cooler, wetter springs in the Northwest 
(Grindal et al. 1992, pp. 342–343; Burles et al. 2009, p. 136). Magnitudes of responses will 
likely vary throughout NLEB’s rangedepending on how much the annual temperature actually 
rises in the future. 
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Figure A-4C4. Observed and Projected Changes in Annual Average Temperature (from 
Hayhoe et al. 2018, Figure 2.4, p. 87). 

Climate change may additionally impact these bats in ways that are more difficult to measure. 
This may include phenological mismatch (e.g., timing of various insect hatches not aligning with 
key life history periods of spring emergence, pregnancy, lactation, or fall swarming). In addition, 
there may be shifts in distribution of forest communities, invasive plants, invasive forest pest 
species, or insect prey. Long-term increases in global temperatures are correlated with shifts in 
butterfly ranges (Parmesan et al. 1999, entire; Wilson et al. 2007, p. 1880; Breed et al. 2013, p. 
142) and similar responses are anticipated in moths and other insect prey. Milder winters may 
result in range expansions of insects or pathogens with a distribution currently limited by cold 
temperatures (e.g., hemlock woolly adelgid, southern pine beetle) (Haavik 2019).  

Climate change has also resulted in a rise of global sea level by about 7 to 8 inches (16 to 21 
centimeters) since 1993 and relative to the year 2000, sea level is very likely to rise 1 to 4 feet 
(0.3 to 1.3 meters) (Hayhoe et al. 2018, p. 83). Relative sea level rise is projected to be greater 
than the global average along the coastlines of the U.S. Northeast and western Gulf of Mexico 
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(Hayhoe et al. 2018, p. 99), which may reduce access to cave roost along low-lying coastal areas 
(Jones et al. 2009, p. 101). 

Additionally, there are questions about whether some negative effects will be offset by other 
positive effects, whether population losses in one part of a species' range will be offset by gains 
in other regions, and the degree to which bats can adapt by adjusting their ecological and 
phenological characteristics (Hammerson et al. 2017, p. 150). For example, Lucan et al. (2013, p. 
157) suggested that while rising spring temperatures may have a positive effect on juvenile 
survival, increasing incidence of climatic extremes, such as excessive summer precipitation, may 
counter this effect by reducing reproductive success. 

D: Habitat Loss 

Background 

As discussed in Chapter 2, NLEB require suitable habitat for roosting, foraging, and commuting 
between those habitats during spring, summer, and fall. Forest is a primary component of all of 
these habitat types, except for the far western portion of the range. Wetlands and water features 
are important foraging and drinking water sources. 

There are a variety of reasons for roosting, foraging, and commuting habitat loss within the range 
of the NLEB. Hammerson et al. (2017, entire) assessed scope and severity of threat to bats with 
the highest projected threat impact including invasive species and diseases (particularly WNS); 
energy production and mining, especially wind energy; human intrusions and disturbance of 
primarily cave- or mine-dwelling species; and biological resource use, such as tree cutting and 
forestry practices. Tree cutting and wetland loss can occur from a variety of sources (e.g., 
development, energy production and transmission, transportation projects). As discussed in 
Chapter 4, these are increasing across much of the range of the NLEB (USFWS 2015, p. 17991; 
Oswalt et al. 2019, p. 17) and may result in impacts to the NLEB. 

Past and Current 

The USFS (2014, p. 7) summarized U.S. forest trends and found a decline from 1850 to the early 
1900s, and a general leveling off since that time; therefore, conversion from forest to other land 
cover types has been fairly stable with conversion to forest (cropland reversion/plantings). In 
addition, the USFS reviewed U.S. forest trends through 2017 and found forest area trended 
upward from 1987 to 2012, but since 2012 appears to have reached a plateau (Oswalt et al. 2019, 
p. 4). About 9.6 million acres (1.4%) of U.S. forest land are affected by tree cutting and removal 
each year and on an average annual basis, twice as much forest land area (~19 million acres) is 
affected by natural disturbances that cause either mortality or damage to trees (Oswalt et al. 
2019, p. 7). These forest disturbances are attributable to insects and disease (34 percent), fire 
(21%), weather (16%), and other causes (30%), with importance of disturbance agents varying 
greatly among geographic regions (Oswalt et al. 2019, p. 7). 

In addition to reviewing these reports, we examined more recent (2006 to 2016) change in 
various NLCD landcover classes within each RPU in the continental U.S. Overall, forest 
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landcover was fairly stable in all RPUs with slight annual increases (27,000 to 50,000 acres/year) 
in all but Midwest RPU (loss of 23,000 acres/year) (Table A-4D1). However, deciduous forest 
landcover decreased across all RPUs by 1.4 million acres for an average loss of 140,000 acres 
per year. Other cover types that provide foraging opportunities such as emergent wetland cover 
types decreased across all RPUs by 1.4 million acres. 

Table A-4D1. Changes in land cover types in acres (NLCD 2006-2016) by NLEB RPU 
occurring within the continental U.S. (Subarctic RPU not included). 

NLEB Representative Units – Change (in acres) 
Land Cover Type Southeast 

RPU 
Eastern 

Hardwoods 
RPU 

Midwest 
RPU 

East 
Coast 
RPU 

All Units 

No Data 0 0 0 0 0 
Open Water -53228 -15513 645390 16451 593100 
Developed, Open Space 86718 136193 58923 24639 306472 
Developed, Low Intensity 133223 226024 90183 51348 500778 
Developed, Medium 
Intensity 

162539 300223 106341 64206 633309 

Developed, High Intensity 64748 135120 43896 23717 267481 
Barren Land 16701 -767 65283 -3608 77609 
Deciduous Forest -717517 -638191 -24698 -49555 -1429962 
Evergreen Forest 920674 -36455 -215544 214328 883003 
Mixed Forest 218377 245548 15009 21098 500032 
Shrub/Scrub 253128 971856 46115 -114649 1156451 
Grassland/Herbaceous -532118 -520196 -2944844 -164519 -4161676 
Pasture/Hay -888122 -1676022 -2000851 -19983 -4584978 
Cultivated Crops 325615 788149 4498629 -37950 5574443 
Woody Wetlands 77534 876487 -7942 88299 1034379 
Emergent Herbaceous 
Wetlands 

-68273 -792457 -375890 -113822 -1350443 

Forest change over 10 years 499068 447390 -233175 274170 987453 
Annual average forest 
change 

49906 44738 -23317 27416 98745 

Forest ownership varies widely across the species’ range in the U.S. As of 2017, private 
landowners owned approximately 60% of forests (Oswalt et al. 2019, p. 7). Private lands may 
carry with them a higher risk for conversion than do public forests (since they do not support the 
same level of regulatory certainty as public lands) a factor that must be considered when 
assessing risk of forest loss now and in the future (USFWS 2015, p. 17990). Private land 
ownership is approximately 81% in the East and 30% in the western U.S. (USFS 2014, p. 15). Of 
the timber harvested annually in the U.S., 89% comes from private lands (Oswalt et al. 2019, p. 
9).   
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Future 

The 2010 Resources Planning Act (RPA) Assessment (USFS 2012, entire) and 2016 RPA 
Update (USFS 2016, entire) summarized findings related to the status, trends, and projected 
future of U.S. forests and rangeland resources (we have nothing comparable for Canada). This 
assessment was influenced by a set of future scenarios with varying 
assumptions regarding global and U.S. population, economic growth, climate change, wood 
energy consumption, and land use change from 2010 to 2060 (USFS 2012, p. xiii). The 2010 
Assessment projected (2010–2060) forest losses of 6.5–13.8 million hectares (16–34 million 
acres or 4–8% of 2007 forest area) across the conterminous U.S., and forest loss is expected to be 
concentrated in the southern U.S., with losses of 3.6–8.5 million hectares (9–21 million acres) 
(USFS 2012, p. 12). The 2010 Assessment projected limited climate effects to forest lands 
spread throughout the U.S. during the projection period, but effects were more noticeable in the 
western U.S. The projections were dominated by conversions of forested areas to urban and 
developed land cover (USFS 2012, p. 59). The 2016 Update incorporated several scenarios 
including increasing forest lands through 2022 and then leveling off or declines of forest lands 
(USFS 2016, p. 8–7). However, regenerating young forests temporarily lack roosts until suitable 
tree sizes are reached to provide space and thermal needs for NLEB colonies. In addition, NLEB 
is not uniformly distributed across the landscape. Loss of essential population needs of roosts 
and foraging and commuting habitat within NLEB home range where they remain is the issue. 

Impacts to bats 

These changes in land cover may be associated with losses of suitable roosting or foraging 
habitat, longer flights between suitable roosting and foraging habitats due to habitat 
fragmentation, fragmentation of maternity colony networks, and direct injury or mortality 
(during active season tree removal). 

Bats may be directly affected by forest habitat loss by removal of occupied roost trees or loss of 
roosting and foraging habitat (Farrow and Broders 2011, p. 177). While roosting bats can 
sometimes flee during tree removal, removal of occupied roosts (during spring through fall) is 
likely to result in direct injury or mortality to some bats (Belwood 2002, p. 193; McAlpine et al. 
2021, p. 2). This is particularly likely during cool spring months (when bats enter torpor) and if 
flightless pups or inexperienced flying juveniles are also present.  

Removal of trees any time of year, including winter, can result in additional impacts depending 
upon the scope of the action (e.g., acreage of tree removal, locations, and landscape context of 
the projects) and current understanding or well-supported inferences regarding NLEB presence 
and use of the area. 

Loss of roosts → colony fragmentation → smaller colonies → reduced thermoregulation, 
reduced information sharing → increased energy expenditure → 

• reduced pregnancy success 
• reduced pup survival 
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• reduced adult survival 

Loss of roosts, foraging habitat, or travel corridors → displacement → increased flights → 
increased energy expenditure → 

• reduced pregnancy success 
• reduced pup survival 
• reduced adult survival 

Displacement from optimal roosts can also lead directly to increased energy expenditure. 

For temperate bats, the requirements for roosting are more restricted and habitat suitable for 
roosting is rare relative to foraging habitat (Pauli et al. 2015, p. 16); therefore, removal of 
roosting habitat is more impactful than foraging habitat to these species. 

For these species, although loss of a roost is a natural occurrence that temperate bat species must 
cope with regularly due to the ephemeral nature of tree roosts, the loss of many roosts or an 
entire home range may result in impacts at the colony level. Bats switch roosts for a variety of 
reasons, including temperature, precipitation, predation, parasitism, sociality, and ephemeral 
roost sites (Carter and Feldhamer 2005, p. 264; Barclay and Kurta 2007, p. 34). NLEB is known 
to switch roosts; therefore, NLEB can tolerate some loss of roosts, provided suitable alternative 
roosts are available (see Chapter 2). However, loss of central or important roosts can result in 
colony fragmentation. For example, Silvis et al. (2015, pp. 6–12) found a loss of approximately 
17% of roosts may begin to cause colony fragmentation in NLEB. One of the most prominent 
advantages of colonial roosting is the thermoregulatory benefit (Humphrey et al. 1977, pp. 343– 
344). Therefore, smaller colonies are expected to provide fewer thermoregulatory benefits for 
adults in cool spring temperatures and for non-volant pups at any time. 

If bats are required to search for new roosting or foraging habitat and to find the same habitats as 
the rest of their colony finds in the spring, it is reasonable to conclude that this effort places 
additional stress on pregnant females at a time when fat reserves are low or depleted and they are 
already stressed from the energy demands of migration and pregnancy. In addition, removal of 
roosting or foraging habitat may result in longer travel distances between sites used for roosting 
and foraging. The increased energetic cost of longer commuting distances may result in 
maternity colony disruption and may be particularly important for pregnant and lactating females 
and therefore, reproductive success (Lacki et al. 2007, p. 89). NLEB emerge from hibernation 
with their lowest annual fat reserves, and return to their summer home ranges. Loss or alteration 
of roosting or foraging habitat puts additional stress on species such as NLEB with strong 
summer site (i.e., roosting area) fidelity (Foster and Kurta 1999, p. 665; Patriquin et al. 2010, p. 
908; Broders et al. 2013, p. 1180), when returning to summer roosting or foraging areas after 
hibernation. Reproduction is one of the most energetically demanding periods for temperate-zone 
bats (Broders et al. 2013, p. 1174). Female NLEB produce a maximum of one pup per year; 
therefore, loss of just one pup results in loss of that entire year’s recruitment for females. Limited 
reproductive potential severely limits the ability of bat populations to respond quickly to 
perturbations. 

Interaction with WNS-affected Bats 
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Similar to climate change, there are interacting effects of habitat loss with effects from WNS. 
Regardless of the source of increased stress on bats (roost or foraging habitat removal), because 
of WNS, there are additional energetic demands for bats associated with healing (Fuller et al. 
2020, p. 7). Because WNS causes more frequent arousals (Reeder et al. 2012, pp. 6–9) and fat 
depletion, affected bats have less fat reserves than non-WNS-affected bats when they emerge 
from hibernation (Warnecke et al. 2012, p. 7001) and have wing damage (Meteyer et al. 2009, 
entire; Reichard and Kunz 2009, entire) that makes flight (migration and foraging) more 
challenging. Females that migrate successfully to their summer habitat must partition energy 
resources between foraging, keeping warm, sustaining fetal development and recovering from 
the disease. With increased flights to find suitable habitat or between roosting and foraging 
habitat comes a trade-off for sufficient energy for survival, recovering from WNS, successful 
pregnancy or successful rearing of pups. 

Roosting/Foraging/Commuting Habitat Loss Conservation Measures 

All states have active forestry programs with a variety of goals and objectives. Several states 
have established habitat protection buffers around known Indiana bat hibernacula that will also 
serve to benefit other bat species by maintaining sufficient quality and quantity of swarming 
habitat. Some states conduct some of their own forest management activities in the winter within 
known listed bat home ranges, as a measure that would protect maternity colonies and non-
volant pups during summer months. The USFWS routinely works with project sponsors and 
Federal agencies to minimize the amount of forest loss associated with their projects and to 
provide mitigation for impacts associated with forest loss within the range of the federally listed 
Indiana bat. Examples of largescale efforts to address impacts associated with habitat loss 
include the rangewide transportation consultation for Indiana bats and NLEB, NiSource Habitat 
Conservation Plan, and rangewide in-lieu fee program for Indiana bats. Many of the beneficial 
actions associated with these and similar efforts may benefit other bats if they occur in 
overlapping ranges. Depending on the type and timing of activities, forest management can be 
beneficial to bat species (e.g., maintaining or increasing suitable roosting and foraging habitat). 

Forest management that results in heterogeneous (including forest type, age, and structural 
characteristics) habitat may benefit tree roosting bat species (Silvis et al. 2016, p. 37). For 
example, creation of small canopy openings could increase solar exposure to roosts, leading to 
warmer conditions that result in more rapid development of NLEB young (Perry and Thill 2007, 
p. 224). In central Arkansas, female NLEB roosts were more often located in areas with partial 
harvesting than males, with more male roosts (42%) in unharvested stands than female roosts 
(24%) (Perry and Thill 2007, pp. 223–224). Silvicultural practices can meet both male and 
female NLEB roosting requirements by maintaining large-diameter snags in early stages of 
decay, while allowing for regeneration of forests (Lacki and Schwierjohann 2001, p. 487). 
Although loss of a roost is a natural phenomenon that bats must deal with regularly, the loss of 
multiple roosts due to a variety of reasons likely stresses individual bats, as well as the social 
structure of the colony. Therefore, maintaining roost networks is essential for maternity colony 
dynamics as colonies may fragment (split into multiple colonies) temporarily with the loss of a 
primary (central node) roost or multiple alternate roosts (Silvis et al. 2014, pp. 287, 289). 
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Summary 

In summary, U.S. forest area trends have remained relatively stable with some geographic 
regions facing more loss than others in the recent past. In the future, forest loss is expected to 
continue, whether from commercial or residential development, energy production, or other 
pressures on forest lands. Impacts from forest habitat removal to individuals or colonies would 
be expected to range from minor (e.g., removal of a portion of foraging habitat in largely 
forested areas with no removal of roosts in areas with robust NLEB populations) to significant 
(e.g., removal of roosts, removal of a large percentage of summer home range, highly 
fragmented landscapes, areas with WNS impacts). In areas with little forest or highly fragmented 
forests (e.g., western U.S. and central Midwestern states), impacts would be more likely with a 
higher probability of removing roosts or causing loss of connectivity between roosting and 
foraging habitat. 

Conservation Measures addressing winter roost loss and disturbance 

Protecting these species from disturbance during winter is essential because any additional 
arousal from hibernation will require an increase in total energy expenditure at a time when food 
and water resources are scarce or unavailable. This is even more important for sites where a 
species is impacted by WNS because more frequent arousals from torpor increases the 
probability of mortality in bats with limited fat stores (Willis and Boyles 2012, p. 96). 

One method of reducing this disturbance is through installation of bat-friendly gates that allow 
passage of bats while reducing disturbance from human entry as well as changes to the cave 
microclimate from air restrictions (Kilpatrick et al. 2020, p. 6). Many state and Federal agencies, 
conservation organizations, and land trusts have installed bat-friendly gates to protect important 
hibernation sites. The National Park Service has proactively taken steps to minimize effects to 
underground bat habitat resulting from vandalism, recreational activities, and abandoned mine 
closures (Plumb and Budde 2011, unpublished data). Further, all known hibernacula within 
national grasslands and forestlands of the Rocky Mountain Region of the USFS are closed during 
the winter hibernation period, primarily due to the threat of WNS, although this will reduce 
disturbance to bats in general inhabiting these hibernacula (USFS 2013, unpaginated). Because 
of concern over the importance of bat roosts, including hibernacula, the American Society of 
Mammalogists developed guidelines for protection of roosts, many of which have been adopted 
by government agencies and special interest groups (Sheffield et al. 1992, p. 707). Also, 
regulations, such as the Federal Cave Resources Protection Act (16 U.S.C. 4301 et seq.), protects 
caves on Federal lands. Finally, many Indiana bat hibernacula have been gated and some have 
been permanently protected via acquisition or easement, which provides benefits to other bats 
that also use the sites. 
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Appendix 5. Supplemental Future Scenario Descriptions 

A summary of the low and high impact scenarios is described below and summarized in Table 
A-5.1. 

Table A-5.1. NLEB composite plausible future scenarios. Pd rate refers to whether % 
species composition was reduced following Pd arrival. 

Plausible Scenario WNS 
Spread 

WNS 
Duration 

Wind 
Capacity 

All-
bat Fatality Rate 

% Species 
Composition 

Pd rate 

Low impact Pd 
occurrence 
model 1 

15-yr 
species-
specific 
survival 
rates 

Lower 
build-out 

Regional- specific 

U.S. -
combined, 
Canada -
regional-
specific 

No 

High impact Pd 
occurrence 
model 2 

40-yr 
species-
specific 
survival 
rates 

Higher 
build-out 

Regional- specific U.S. -
combined, 
Canada -
regional-
specific 

No 

WNS 
For current projections, we used the two Pd occurrence models (see Appendix 2) to assign a 
WNS stage to all known hibernacula. Table A-5.2 provides the current (2020) number of winter 
colonies in each of the five WNS stages. 

Table A-5.2. Number of NLEB colonies in 2020 per WNS stage under Pd occurrence 
models 1 and 2. 

Model 
Pre-
arrival Invasion Epidemic Established 

Post-
established 

Pd occurrence 
model 1 

1 
(0.1%) 0 (0%) 23 (3%) 320 (44%) 389 (53%) 

Pd occurrence 
model 2 

3 
(0.4%) 11 (2%) 60 (8%) 140 (19%) 507 (69%) 

The difference between the low and high impact scenarios is based on past year of arrival of Pd 
and future rate of Pd spread. We used Pd occurrence model 1 (Wiens et al. 2022, pp. 226–229) 
in our low impact scenario and Pd occurrence model 2 (Hefley et al. 2020, entire) in our high 
impact scenario. As Pd expands its range, we expect bat populations to be impacted similarly 
across the species’ range. Thus, we apply the same WNS impacts schedule in low and high 
impact scenarios. Each hibernaculum’s population abundance trajectory is divided into three 
segments with differing λ values: a pre-Pd-arrival λ typically ≳1, a Pd-arrival λ typically <1, and 
a post-established λ that can be less than, greater than, or approximately equal to 1. From years 
since arrival (YSA) 0 to 6, λ varied annually based on results of the status and trends model. We 
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used site specific estimates to the extent possible, although relatively few colonies had sufficient 
data from counts more than 6 YSA. Therefore, for YSA >6, λ was estimated as the average 
predicted rate of change in that time period and is held constant through YSA=15 (low impact 
scenario) and through YSA=40 (high impact scenario). Based on current information, we do not 
foresee a scenario in which Pd is eradicated from sites, and we expect the fungus will continue to 
cause disease in populations even as some individuals exhibit resistance or tolerance to it. Thus, 
we set the duration of impacts under the high impact scenario to 40 years (i.e., the time 
throughout which WNS will affect survival in the population). To understand the sensitivity of 
the results to the duration of the disease dynamic and to fully capture the uncertainty, we used 
the shortest reasonable disease dynamic duration in the low impact scenario. Based on current 
data (i.e., data from hibernacula documented with WNS in 2008 continue to show impacts of 
disease through 2021, 14-years), 15 years is the shortest duration WNS would affect populations 
after Pd arrives.  After YSA=15 (low impact) or YSA=40 (high impact), λ is assumed to return 
to pre-WNS rates (i.e., no further WNS impacts applied). 

Wind 

U.S. Current and Future Wind Capacity 

We obtained current wind capacity data for the U.S. from the USWTDB (version 3.2) (Hoen et 
al. 2018) and corrected/incorporated curtailment information based on facility-specific, 
unpublished USFWS data. For future projections, we considered projections for 2030, 2040 and 
2050 from four potential sources: (1) the U.S. Department of Energy (USDOE) April 2015 Wind 
Vision report (USDOE 2015, entire) & downloadable data for 2020; (2) the U.S. Energy 
Information Administration (USEIA) January 2020 Annual Energy Outlook (AEO) report 
(USEIA 2020, entire) and downloadable data; (3) the USFWS April 2016 Draft Midwest Wind 
Multi-Species Habitat Conservation Plan (USFWS 2016, Appendix B); and (4) the National 
Renewable Energy Laboratory (NREL)’s 2020 Standard Scenarios Report (Cole et al. 2020, 
entire) and downloadable data. 

After exploring these data sets and their stated purposes and underlying assumptions and 
consulting with experts from the USEIA, USDOE, and NREL, we ultimately decided that the 
NREL Standard Scenarios would serve best for the purposes of our analysis. According to the 
Standard Scenarios report, it is “one of a suite of National Renewable Energy Laboratory 
(NREL) products aiming to provide a consistent and timely set of technology cost and 
performance data and define a scenario framework that can be used in forward-looking 
electricity analyses by NREL and others. The long-term objective of this effort is to identify a 
range of possible futures for the U.S. electricity sector that illuminate specific energy system 
issues. This is done by defining a set of prospective scenarios that bound ranges of technology, 
market, and macroeconomic assumptions and by assessing these scenarios in NREL’s market 
models to understand the range of resulting outcomes, including energy technology deployment 
and production, energy prices, and emissions” (Cole et al. 2020, p. iii). 

In addition to a Mid-case Scenario, which uses the reference, mid-level, or default assumptions 
for all scenario inputs, represents a reference case, and provides a useful baseline for comparing 
scenarios and evaluating trends, the NREL’s 2020 report presents 46 power sector scenarios for 
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the contiguous U.S. (CONUS) that consider the present day through 2050. The NREL report 
notes, “the Standard Scenarios are not “forecasts,” and we make no claims that our scenarios 
have been or will be more indicative of actual future power sector evolution than projections 
made by others” (Cole et al. 2020, p. 1); however, our experts advised that although the NREL 
report doesn’t calculate a level of probability associated with any given scenario, the Mid-case 
Scenario is a justifiably reasonable baseline scenario for future wind deployment to use in our 
analysis. 

After further exploring the NREL Standard Scenarios data, we discussed with USDOE and 
NREL experts the option of using high and low deployment bounds rather than, or in addition to, 
a reasonable central projection (i.e., Mid-case Scenario). Our experts agreed that this approach 
would help to capture some of the uncertainty associated with modeled projections; however, we 
were cautioned not to simply use the lowest and highest deployment scenarios since some 
scenarios might best be thought of as edge cases intended to show the sensitivity of the model to 
tweaks in assumptions rather than realistic characterizations of future deployment. Instead, we 
were advised to use the High and Low Onshore Wind Cost Scenarios as a reasonable 
combination of scenarios for our SSA analysis, and ultimately decided to apply them as lower 
and upper bounds, respectively, for the U.S. projections. 

The Mid-case, High Wind Cost, and Low Wind Cost Scenarios each implement a slightly 
different set of assumptions for electricity demand, fuel prices, electricity generation and 
technology costs, financing, resource and system conditions and more. Under the High Onshore 
Wind Cost Scenario (our lower bound or “Low Build-out Scenario”), other energy technologies 
become more cost competitive compared to new wind energy facilities or repowering existing 
sites. As wind turbines reach their end of life, more are retired than are replaced with newer 
machines, condensing where wind energy is deployed to only the most optimal sites that present 
the fewest barriers and the greatest return on investment (B. Straw 2021, personal 
communication). Therefore, under this scenario, the distribution of wind turbines across the 
species’ range by 2050 is reduced compared to 2020 build-out and total wind capacity decreased 
for several regions (Table A-5.3), although total U.S. wind capacity is projected to increase 
slightly. Under the Low Onshore Wind Cost Scenario (our upper bound, or “High Build-out 
Scenario”), repowering existing wind energy facilities or installing new wind facilities is more 
cost competitive compared to other energy technologies, resulting in a broader future distribution 
of wind turbines across the U.S. and higher overall capacity compared to 2020 build-out (Table 
A-5.3, Figures 4.9–4.11). For a summary of input assumptions used in the Standard Scenarios 
see Appendix A.1 from the 2020 Standard Scenarios report (https://cambium.nrel.gov/). We 
assumed total curtailed MW per NREL grid cell would remain unchanged into the future unless 
MW capacity declined; in these cases, we reduced grid cell curtailment proportionally (e.g., if 
MW capacity is projected to decline from 10 to 1 MW and currently there is curtailment on 9 
MW, there would be 0.9 MW with curtailment and 0.1 MW without curtailment; Udell et al. 
2022, entire). 

Canada Current and Future Wind Capacity 

We obtained current wind capacity data for Canada from the Canadian Wind Turbine Database 
(CWTD) (Government of Canada 2020, entire). To obtain current and future wind capacity for 
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Canada, the SSA wind team considered current buildout and projections for 2030, 2040 and 2050 
from two sources: (1) The Canadian Wind Energy Association (CanWEA) (CanWEA undated, 
entire); and (2) The Canada Energy Regulator (CER) Canada’s Energy Future 2019 Report (CER 
2019, entire). We decided that the CanWEA data would not serve well for our analysis because 
adequate projections were lacking through the future decades (2020–2050) for most provinces as 
well as the entire country.  

The CER Canada’s Energy Future 2019 (EF 19) report is an annual report published by the 
Government of Canada starting in 2013 and presents projections for wind energy buildout and 
future capacity through 2040 through updated baseline projections from previous years. 
According to the report “the Energy Futures series explores how possible energy futures might 
unfold for Canadians over the long term. Energy Futures uses economic and energy models to 
make these projections. They are based on assumptions about future trends in technology, 
energy and climate policies, energy markets, human behavior and the structure of the economy” 
(CER 2019, p. 1). The baseline projections EF 19 are based on one future projection scenario 
called the Reference Case. According to the report, the Reference Case is “based on a current 
economic outlook, a moderate view of energy prices and technological improvements, and 
climate and energy policies announced and sufficiently detailed for modeling at the time of 
analysis” (CER 2019, p. 1). 

After we had selected the EF 2019 data for our analysis, the CER published an updated report 
(EF 20 report) in November 2020 (CER 2020, entire). Similar to previous reports, the EF 20 
report presents projections for wind energy buildout and future capacity through updated 
baseline projections from previous years. Unlike its predecessors, the EF 20 projects buildout 
scenarios through 2050, 10 years longer than previous years. Additionally, unlike previous 
reports, the EF 20 Report analyzes two buildout scenarios rather than one: the Evolving Scenario 
and the Reference (baseline) Scenario. According to the report, the Evolving Scenario “considers 
the impact of continuing the historical trend of increasing global action on climate change 
throughout the projection period. Globally, this implies lower demand for fossil fuels, which 
reduces international market prices. Advancements in low carbon technologies lead to improved 
efficiencies and lower costs. Within Canada, we assume a hypothetical suite of future domestic 
policy developments that build upon current climate and energy policies.” (CER 2020, p. 4). The 
2020 Reference Scenario “provides an update to what has traditionally been the baseline 
projection in the Energy Futures series, the Reference Scenario. The scenario considers a future 
where action to reduce GHG emissions does not develop beyond measures currently in place. 
Globally, this implies stronger demand for fossil fuels, resulting in higher international market 
prices compared to the Evolving Scenario. Low carbon technologies with existing momentum 
continue to improve, but at a slower rate than in the Evolving Scenario” (CER 2020, p. 4). 

In addition to being more up-to-date than the 2019 data, the dual buildout scenarios included in 
the 2020 Update presented an opportunity to analyze a range of scenarios rather than a single 
projection and set of assumptions. Therefore, we assigned the Evolving Scenario as an upper 
bound buildout scenario and the Reference Scenario as a lower bound scenario for our analysis. 

Table A-5.3. Wind capacity (MW) by USFWS Region and Canadian Province under 2020 
and 2050 low and high scenario build-out. 
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Location Wind Capacity (MW) 
2020 Build-out 2050 Low Build-out 2050 High Build-out 

(% change) (% change) 
Region 3 27,387 15,198 (-45%) 141,573 (+417%) 
Region 6 21,280 40,944 (+92%) 83,033 (+290%) 
Region 5 6,116 7,252 (+19%) 68,946 (+1027%) 
Region 1 7,459 1,422 (-81%) 19,102 (+156%) 
Region 8 2,466 1,414 (-43%) 20,624 (+736%) 
Region 4 240 391 (+63%) 38,083 (+15768%) 
Region 2 39,964 40,511 (+1%) 116,346 (+191%) 
U.S. Total 104,912 107,132 (+2%) 487,707 (+365%) 
Alberta 1,746 6,699 (+284%) 10,286 (+489%) 
British Columbia 732 1,252 (+71%) 1,967 (+169%) 
Manitoba 258 476 (+85%) 851 (+230%) 
Ontario 5,436 5,646 (+4%) 12,300 (+126%) 
Quebec 4,330 5,830 (+35%) 6,930 (+60%) 
Atlantic Canada 873 1,408 (+61%) 2,394 (+174%) 
Saskatchewan 221 3,256 (+1373%) 5,781 (+2516%) 
Canada Total 13,597 24,569 (+81%) 40,510 (+198%) 
U.S. + Canada 118,509 131,701 (+11%) 528,217 (+346%) 
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EXECUTIVE SUMMARY 

This report summarizes results of a species status assessment (SSA) conducted for the tricolored 
bat (TCB; Perimyotis subflavus). TCB is a widely distributed small insectivorous bat of eastern 
North America. Readily identifiable by its tricolored fur, TCB primarily roost in foliage of live 
and dead trees in the spring, summer, and fall, and hibernate in caves and other subterranean 
habitats during the winter.    

In conducting our status assessment, we first considered what TCB needs to ensure viability. We 
then considered factors that are currently influencing viability needs or expected to in the future. 
Based on the species’ viability needs and current influences on those needs, we evaluated TCB’s 
current condition. Lastly, we predicted TCB’s future condition based on its current condition and 
expected future influences on viability. 

For survival and reproduction at the individual level, TCB require suitable roosting and foraging 
habitat near abundant food and water resources in the spring, summer and fall; habitat with 
suitable microclimate conditions for prolonged bouts of torpor and shortened periods of arousal 
in the winter; and suitable habitat connectivity between summer and winter habitats. For TCB 
populations to be healthy, they require a population size and growth rate sufficient to withstand 
natural environmental fluctuations, habitat of sufficient quantity and quality to support all life 
stages, gene flow among populations, and a matrix of interconnected habitats that support spring 
migration, summer maternity colony formation, fall swarming, and winter hibernation. 

At the species level, TCB require resiliency (demographic, physically, and genetically healthy 
populations across a diversity of environmental conditions), representation (genetic and 
ecological diversity to maintain adaptive capacity), and redundancy (multiple and sufficient 
distribution of populations within areas of unique variation). Resiliency is the ability of the 
species to withstand environmental and demographic stochasticity and, in the case of TCB, is 
best measured by the number, distribution, and health of populations across the species’ range. 
Redundancy is an indicator of the ability of a species to withstand catastrophic events by 
“spreading the risk” and can be measured through the duplication and distribution of resilient 
populations across the species’ range. Representation is an indicator of the ability of a species to 
adapt to changing environmental conditions and can be measured by the number and distribution 
of healthy populations across areas of unique adaptive diversity. For TCB, we identified three 
representation units (RPUs). 

The primary factors influencing TCB’s viability which have led to its current condition include 
white-nose syndrome (WNS), wind related mortality, effects from climate change, habitat loss, 
and conservation efforts.  

• WNS is a disease of bats that is caused by the fungal pathogen Pseudogymnoascus 
destructans (Pd). Pd invades the skin of bats, initiating a cascade of physiological and 
behavioral processes that often lead to mortality.  

ii 



 
 

    
   

 
 

  
    

 
   

 
   

 
 

  

   
  

 
 

 
 

    
   

 

 
 

  
  

 
 

 
  
  

 
 

 
 

  
 
 

   
 

• Wind related mortality of TCB is also proving to be a consequential stressor at local and 
regional levels. TCB are killed at wind energy projects primarily through collisions with 
moving turbine blades. 

• Loss of roosting, foraging, and commuting habitat may lead to minor or significant 
impacts to TCB depending on the timing, location, and extent of the removal. Loss or 
modification of winter habitats may also result in negative impacts to TCB, especially 
given the species’ high site fidelity and narrow microclimate requirements for 
hibernation. Additionally, disturbance (e.g., human entry) during hibernation results in 
increased arousals in TCB, which leads to increased energy expenditure at a time when 
food and water resources are scarce or unavailable. 

• Changing climatic variables including changes in temperature and precipitation influence 
TCB’s resource needs, such as suitable summer and winter roosting habitat, foraging 
habitat, and prey availability. Although pervasive across TCB’s range, the magnitude, 
direction, and seasonality of climate change will vary geographically (e.g., some regions 
will experience more frequent droughts which may lead to reduced TCB survival or 
reproductive success; alternatively, some regions will experience heavier and more 
frequent precipitation events that may lead to decreased foraging bouts and insect 
availability). 

• Conservation efforts include multiple national and international initiatives underway in 
an attempt to reduce the impacts of WNS (to date, however, there are no proven measures 
to reduce the severity of impacts). Additionally, some wind facilities within TCB’s range 
are implementing curtailment (e.g., feathering turbine blades during low wind periods) to 
reduce bat fatalities. 

We used the best available data to assess TCB viability over time. Winter hibernacula counts 
provide the most consistent, long-term, reliable trend data, and provide the most direct measure 
of WNS impacts and thus were used to assess TCB current and future viability. The availability 
and quality of summer data substantially vary temporally and spatially but were useful for 
evaluating past population trends. We relied upon the data derived from North American Bat 
Monitoring Program (NABat) analyses of all available winter and summer data. Current 
demographic conditions based on past declines indicate TCB’s rangewide winter abundance and 
number of extant winter colonies have declined by 52% and 29%, respectively. TCB winter 
abundance has declined across all RPUs but varies spatially (24–89%). Declining trends in TCB 
occurrence and abundance is also evident from summer data: 1) TCB rangewide occupancy 
declined 28% from 2010–2019; 2) mobile acoustic detections decreased 53% from 2009–2019; 
and 3) summer mist-net captures declined 12% compared to pre-WNS capture rates. Based on 
current conditions, future projections of TCB abundance, number of hibernacula, and spatial 
extent will continue to decline. By 2030, rangewide abundance declines by 89%, the number of 
winter colonies declines by 91%, and TCB’s spatial extent declines by 65%. Projected declines 
in TCB’s abundance, number of winter colonies, and spatial extent are widespread across all 
RPUs under current conditions. 
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To assess TCB’s future viability, we determined how WNS occurrence and wind energy capacity 
is likely to change into the future. We described two scenarios that bound our uncertainty on 
WNS spread and wind energy capacity: 1) WNS spread under Hefley et al. (2020, entire) model 
and lower wind energy capacity (low impact scenario) and 2) WNS spread under Wiens et al. 
(2022, pp. 215–248) model and higher wind energy capacity (high impact scenario). Using these 
scenarios and NABat data, we projected the species’ abundance and distribution. We also 
qualitatively considered impacts from climate change, habitat loss, and conservation efforts. 
Under the future scenarios, TCB declines worsen precipitously, with rangewide and RPU-level 
declines predicted in abundance, number of winter colonies, and spatial extent. 

WNS is the primary driver (or influence) that has led to the species’ current condition and is 
predicted to continue to be the primary influence into the future. Wind energy related mortality is 
also proving, especially in light of the steep declines stemming from WNS impacts, to be a 
pervasive and consequential driver to TCB’s viability, with an estimated 3,327 TCB killed 
annually at wind facilities across the species’ range. Although we consider habitat loss pervasive 
across TCB’s range, severity has likely been low given historical abundance and spatial extent; 
however, as TCB’s spatial extent is projected to decline in the future (i.e., consolidation into 
fewer winter and summer colonies) negative impacts (e.g., loss of a hibernaculum or maternity 
colony) may be significant. Lastly, although challenging to describe for such a wide-ranging 
species, climate change will continue and negative impacts are anticipated in the future. 

In summary, TCB abundance has declined significantly and winter abundance, number of 
occupied hibernacula, spatial extent, and summer habitat occupancy are decreasing. Since the 
arrival of WNS, TCB abundance steeply declined. At these low population sizes, colonies are 
vulnerable to extirpation from stochastic events. Furthermore, TCB’s ability to recover from 
these low abundances is limited given their low reproduction output (two pups per year). 
Therefore, TCB’s resiliency is greatly compromised in its current condition and is projected to 
worsen under future stressor conditions. Additionally, because TCB’s spatial extent is projected 
to decline, TCB will become more vulnerable to catastrophic events. Lastly, the steep and 
continued declines in abundance have likely led to reductions in genetic diversity, and thereby 
reducing TCB’s ability to adapt to changes in its biological and physical environments. Further, 
the projected widespread reduction in the distribution of hibernacula will lead to losses in the 
diversity of environments and climatic conditions occupied, which will impede natural selection 
and further limit TCB’s ability to adapt. Moreover, at its current low abundance, loss of genetic 
diversity via genetic drift will likely accelerate. Consequently, limiting natural selection process 
and decreasing genetic diversity will further lessen TCB’s ability to adapt to novel changes 
(currently ongoing as well as future changes) and exacerbate declines due to continued exposure 
to WNS, mortality from wind turbines, and impacts associated with habitat loss and climate 
change. Thus, even without further WNS spread and additional wind energy development, 
TCB’s viability is likely to rapidly decline over the next 10 years. 

There is currently uncertainty associated with progression of WNS within TCB winter colonies 
at road-associated culverts used as hibernacula in the southern U.S. No Pd has been detected at 
culverts in Louisiana and although Pd has been detected since 2014 at several culverts in 
Mississippi, no disease, mortality, or population impacts have been documented. Whether 
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environmental (e.g., shorter and milder winters) or biological factors (e.g., shorter torpor bouts, 
winter foraging opportunities) contribute to the differences observed at culverts is currently 
unknown. 
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ABBREVIATIONS AND ACRONYMS 

%Sp – Percent Species Composition 
AC – Adaptive Capacity 
AEO – Annual Energy Outlook 
AWEA – American Wind Energy Association 
AWWI – American Wind Wildlife Institute 
Bfat – Bat Fatality 
BWEC – Bat Wind Energy Association 
C – Celcius 
CanWEA – Canadian Wind Energy Association 
CC – Climate Change 
CE – Catastrophic Event 
CER – Canadian Energy Regulator 
CI – Confidence Interval 
CONUS – Continental United States 
CWTD – Canada Wind Turbine Database 
DFW – Department of Fish and Wildlife 
ESA – Endangered Species Act 
F – Fahrenheit 
GRTS – Generalized Random-Tessellation Stratified 
Hibs – Hibernacula 
IUCN – International Union for Conservation of Nature 
km – Kilometers 
LBB – Little brown bat (Myotis lucifugus) 
MAST – Mean Annual Surface Temperature 
mi – Miles 
MLRC – Multi-Resolution Land Characteristics 
MW – Megawatts 
MYLU – Myotis lucifugus 
MYSE – Myotis septentrionalis 
N – Abundance 
NABat – North American Bat Monitoring Program 
NCSL – National Conference of State Legislatures 
NLCD – National Land Cover Database 
NLEB – Northern long-eared bat (Myotis septentrionalis) 
NPS – National Park Service  
NREL – National Renewable Energy Laboratory 
Pd – Pseudogymnoascus destructans 
PESU – Perimyotis subflavus 
pPg – Probability of Population Growth 
RPA – Resources Planning Act 
RPU – Representation Unit 
SSA – Species Status Assessment 
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TCB – Tricolored bat (Perimyotis subflavus) 
USDOE – U.S. Department of Energy 
USEIA – U.S. Energy Information Administration 
USFS – U.S. Forest Service 
USFWS – U.S. Fish and Wildlife Service 
USGS – U.S. Geological Survey 
USWTDB – U.S. Wind Turbine Database 
WNS – White-Nose Syndrome 
YOA – Year of Arrival 
YSA – Years since Arrival 
λ (Lambda) – Population Growth Rate 
λavg – Average Population Growth Rate 
λtot – Total Population Growth Rate 
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CHAPTER 1 – INTRODUCTION 

This report summarizes the results of a species status assessment (SSA) conducted for the 
tricolored bat (Perimyotis subflavus; TCB). It delivers the best available scientific and 
commercial information available on TCB in a transparent and defensible peer reviewed report 
for immediate and future Endangered Species Act (ESA) related decisions. Therefore, while the 
report is not a decisional document, it does serve as a synthesis of the best available information 
on the biological status, helpful in promoting the current and future conservation of the species. 
For this reason, after reviewing this document relative to all relevant laws, regulations, and 
policies, the U.S. Fish and Wildlife Service (USFWS) plans to utilize the results of this report to 
make and publish a listing determination in the Federal Register. 

This chapter describes the analytical framework and methods used to assess TCB’s viability over 
time. Chapter 2 summarizes the ecological requirements for survival and reproduction at the 
individual, population, and species levels. Chapter 3 summarizes the historical condition of TCB. 
Chapter 4 describes the key drivers that led to TCB’s current condition and the anticipated 
plausible change in the primary drivers (referred to as influences) over time. Chapter 5 
summarizes the current condition assuming no change in influences. Chapter 6 describes the 
species’ future conditions given the plausible projections of the key influences. Lastly, Chapter 7 
synthesizes the above analyses and describes how the consequent change in the number, health, 
and distribution of populations influence TCB viability over time as well as the sources of 
uncertainty and the implications of this uncertainty. Appendices 1–5 provide further information 
on uncertainty and sensitivity, supplemental methodology information, supplemental results, 
supplemental threat background information, and supplemental data. 

Analytical Framework 

Viability is the ability of a species to maintain populations in the wild over time. To assess 
viability, we use the conservation biology principles of resiliency, redundancy, and 
representation (Shaffer and Stein 2000, pp. 308–311). Meaning, to sustain populations over time, 
a species must have a sufficient number of populations distributed throughout its geographic 
range to withstand: 

(1) environmental and demographic stochasticity and disturbances (Resiliency), 
(2) catastrophes (Redundancy), and 
(3) novel changes in its biological and physical environment (Representation). 

Viability is a measure of the likelihood of sustaining populations over time. A species with a 
high degree of resiliency, representation, and redundancy (the 3Rs) is generally better able to 
adapt to future changes and to tolerate catastrophes, environmental stochasticity, and stressors, 
and thus, typically has high viability. 

Resiliency is the ability of a species to withstand environmental stochasticity (normal, year-to-
year variations in environmental conditions such as temperature and rainfall), periodic 
disturbances within the normal range of variation (fire, floods, storms), and demographic 
stochasticity (normal variation in demographic rates such as mortality and fecundity) (Redford et 
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al. 2011, p. 40). Simply stated, resiliency is the ability to sustain populations through the natural 
range of favorable and unfavorable conditions. 

Resiliency is multi-faceted. First, it requires having healthy populations demographically (robust 
survival, reproductive, and growth rates), genetically (large effective population size, high 
heterozygosity, and gene flow between populations), and physically (good body condition). 
Second, resiliency also requires having healthy populations distributed across heterogeneous 
environmental conditions (referred to as spatial heterogeneity; this includes factors such as 
temperature, precipitation, elevation, and aspect). Spatial heterogeneity is particularly important 
for species prone to spatial synchrony (regionally correlated fluctuations among populations). 
Populations can fluctuate in synchrony over broad geographical areas (Kindvall 1996, pp. 207, 
212; Oliver et al. 2010, pp. 480–482) because environmental stochasticity can operate at regional 
scales (Hanski and Gilpin 1997, p. 372). Spatial heterogeneity induces asynchronous fluctuations 
among populations, thereby guarding against concurrent population declines. Lastly, resiliency 
often requires connectivity among populations to maintain robust population-level 
heterozygosity via gene flow among populations and to foster demographic rescue following 
population decline or extinction due to stochastic events. 

Redundancy is the ability of a species to withstand catastrophes. Catastrophes are stochastic 
events that are expected to lead to population collapse regardless of population health (Mangel 
and Tier 1993, p. 1083). For all species, a minimal level of redundancy is essential for long-term 
viability (Shaffer and Stein 2000, pp. 307, 309–310; Groves et al. 2002, p. 506). Reducing the 
risk of extinction due to a single or series of catastrophic events requires having multiple 
populations widely distributed across the species’ range, with connectivity among groups of 
locally adapted populations to facilitate demographic rescue following population decline or 
extinction. Redundancy provides a margin of safety to reduce the risk of losing substantial 
portions of genetic diversity or the entire species to a single or series of catastrophic events. 

Representation is the ability of a species to adapt to both near-term and long-term novel or 
extraordinary changes in the conditions of its environment, both physical (climate conditions, 
habitat conditions, habitat structure, etc.) and biological (novel pathogens, competitors, 
predators, etc.). This ability to adapt to changing and novel conditions—referred to as adaptive 
capacity—is essential for viability as environmental conditions are continuously changing 
(Nicotra et al. 2015, p. 1269). Species adapt to novel changes in their environment by either 1) 
moving to new, suitable environments or 2) by altering (via plasticity or genetic change) their 
physical or behavioral traits (phenotypes) to match the new environmental conditions (Nicotra et 
al. 2015, p. 1270; Beever et al. 2016, p. 132). 

Maintaining a species’ ability to disperse and colonize new environments fosters adaptive 
capacity by allowing species to move from areas of unsuitable conditions to regions with more 
favorable conditions. It also fosters adaptive capacity by increasing genetic diversity via gene 
flow, which is, as discussed below, important for evolutionary adaptation (Hendry et al. 2011, p. 
173; Ofori et al. 2017, p. 1). Thus, maintaining natural levels of connectivity among populations 
is important for preserving a species’ adaptive capacity (Nicotra et al. 2015, p. 1272). 

Maintaining a species’ ability to adapt to novel and extraordinary conditions requires preserving 
the breadth of genetic variation. Species alter their physical or behavioral traits (phenotypes) to 
match new environmental conditions through either genetic change or plasticity (see Text Box 
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1.1). For adaptation to occur, whether through plasticity or evolutionary adaptation, there must 
be genetic variation upon which selection can act (Hendry et al. 2011, pp. 164–165; Lankau et al. 
2011, p. 320; Sgro et al. 2011, p. 326). Without genetic variation, the species cannot adapt and is 
more prone to extinction (Spielman et al. 2004, p. 15263; also see Text Box 1.1).  

Text Box. 1.1. Species Adaptation. Species alter their physical or behavioral traits 
(phenotypes) to match new environmental conditions through either genetic change or 
plasticity (Chevin et al. 2010, pp. 2–3; Hendry et al. 2011, pp. 162; Nicotra et al. 2015, p. 
1270). Genetic change, referred to as evolutionary adaptation or potential, involves a 
change in phenotypes via an underlying genetic change (specifically, a change in allele 
frequency) in response to novel environmental cues (Nicotra et al. 2015, p. 1271; Ofori et 
al. 2017, p. 2). Plasticity, unlike evolutionary adaptation, involves a change in phenotypes 
(phenotypic plasticity) without undergoing changes in the genetic makeup (Nicotra et al. 
2015, pp. 1271–1272). Plasticity is an important mechanism for species to adapt both in 
immediate and future time frames. In the immediate time frame, plasticity directly acts to 
allow species to persist despite novel changes in the environment. In the longer time frame, 
plasticity contributes to a species’ adaptive capacity by buying time for adaptive evolution 
to occur through genetic changes (referred to as genetic assimilation, see Ghalambor et al. 
2007, p. 395; Nicotra et al. 2015, p. 1271). Not all genetic and plastic induced changes are 
adaptive; changes must lead to improved fitness to be adaptive (Nicotra et al. 2015, pp. 
1271–1272). Importantly, however, adaptive traits can vary over space and time; what is 
adaptive in one location may not be adaptive in another, and similarly, what is adaptive 
today may not be under future conditions and vice versa (Nicotra et al. 2015, pp. 1271– 
1272). Thus, maintaining the full breadth of variation in both plastic traits and genetic 
diversity is important for preserving a species’ adaptive capacity. 

Genetic variation that is adaptive is difficult to identify for a species and represents a significant 
challenge even when there is genetic information available. To denote variation as ‘adaptive’ we 
need to identify which loci are under selection, which traits those loci control, how those traits 
relate to fitness, and what the species’ evolutionary response to selection on those traits will be 
over time (Hendry et al. 2011, pp. 162–163; Lankau et al. 2011, p. 316; Teplitsky et al. 2014, p. 
190). Although new genomic techniques are making it easier to obtain this type of information 
(see Funk et al. 2019, entire), it is lacking for most species. Fortunately, there are several proxies 
that collectively can serve as indicators of potentially underlying adaptive genetic variation: (1) 
phenotypic variation; (2) neutral genetic variation; and (3) disjunct or peripheral populations. 
One of the easiest proxies to measure is variation in biological traits (also described as 
phenotypic variation). Phenotypic variation, which on its own can be a mechanism for adapting 
to novel changes, can be due to underlying adaptive genetic variation (Crandall et al. 2000, p. 
291; Forsman 2014, p. 304; Nicotra et al. 2015, p. 3). A second proxy for adaptive genetic 
variation is neutral genetic variation, which is usually the type of genetic data first reported in 
species-specific genetic studies (see Text Box 1.2). A third, and more distant, proxy for adaptive 
genetic variation is disjunct or peripheral populations (Ruckelhaus et al. 2002, p. 322). These 
populations can be exposed to the extremes in habitat/ecological/climate conditions and thus 
harbor unique and potentially adaptive traits. Similarly, populations that occur across steep 
environmental gradients can be indicators of underlying adaptive genetic diversity because local 
adaptation is driven by environmental conditions, which are continually changing at different 
rates and scales (Sgro et al. 2011, pp. 330, 333). 
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Text Box. 1.2. Genetic diversity. Genetic variation can be partitioned into two types: adaptive and 
neutral genetic diversity. Both types are important for preserving the adaptive capacity of a 
species (Moritz 2002, p. 243), but in different ways. Genetic variation under selection underlies 
traits that are locally adaptive and that determine fitness (Holderegger et al. 2006, pp. 801, 803; 
Lankau et al. 2011, p. 316); thus, it is the variation that underpins adaptive evolution (Sgro et al. 
2011, p. 328). This type of genetic variation is referred to as adaptive genetic diversity and 
determines the capacity for populations to exhibit an adaptive evolutionary response to changing 
environmental conditions. Conversely, neutral genetic variation refers to regions of the genome 
that have no known direct effect on fitness (i.e., selectively neutral) and change over time due to 
non-deterministic processes like mutation and genetic drift (Sgro et al. 2011, p. 328). Although, 
by definition, neutral genetic variation is not under selection, it contributes to the adaptive 
capacity of a species in a couple of ways. First, neutral genetic variation that is statistically 
neutral in one environment may be under selection--and thus adaptive--in a different 
environment (Nicotra et al. 2015, pp. 1271-1272). Second, neutral markers can allow us to infer 
evolutionary lineages, which is important because distinct evolutionary lineages may harbor 
locally adaptive traits (Hendry et al. 2011, p. 167), and hence, serve as an indicator of underlying 
adaptive genetic variation. Thus, maintaining the full breadth of neutral and adaptive genetic 
diversity is important for preserving a species’ adaptive capacity. 

Lastly, preserving a species’ adaptive capacity requires maintaining the processes that allow for 
evolution to occur; namely, natural selection and gene flow (Crandall et al. 2000, pp. 290–291; 
Zackay 2007, p. 1; Sgro et al. 2011, p. 327). Natural selection is the process by which heritable 
traits can become more (selected for) or less (not selected for) common in a population via 
differential survival or reproduction (Hendry et al. 2011, p. 169). To preserve natural selection as 
a functional evolutionary force, it is necessary to maintain populations across an array of 
environments (Shaffer and Stein 2000, p. 308; Hoffmann and Sgro 2011, p. 484; Lankau et al. 
2011, p. 320; Sgro et al. 2011, p. 332). Gene flow serves as an evolutionary process by 
introducing new alleles (variant forms of genes) into a population, thereby, increasing the gene 
pool size (genetic diversity). Maintaining the natural network of genetic connections between 
populations will foster and preserve the effectiveness of gene flow as an evolutionary process 
(Crandall et al. 2000, p. 293). Preserving genetic connections among populations along with 
maintaining large effective population sizes will minimize the loss of genetic variation due to 
genetic drift (Crandall et al. 2000, p. 293). Maintaining large population abundance also fosters 
adaptive capacity as the rate of evolutionary adaptation is faster in populations with high 
diversity, which is correlated with population size (Ofori et al. 2017, p. 2). 

General Methods 

Below we describe our methods for assessing TCB viability over time. Our approach entailed: 1) 
describing the historical condition (abundance, health, and distribution of populations prior to 
2020), 2) describing the current condition (abundance, health, and distribution of populations in 
2020), 3) identifying the primary influences leading to the species’ current condition and 
projecting the future states (scope and magnitude) of these influences, 4) projecting the number, 
health, and distribution of populations given the current and future states of the influences, and 
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SCOPE (% of population decline) 
(% of range) Slight Moderate Serious Extreme 

1-10% 11 -30% 31 -70% 71 -100% 
Small (1 -10%) Low Low Low Low 
Restricted (I 1-30%) Low Low Medium Medium 
Large (31 -70%) Low Medium High High 
Pervasive (71 -100%) Low Medium High Ve1y High 

data, we applied the last observed count. We refer to this third approach as “constant 
interpolation.” 

We measured population health as abundance within hibernacula (N) and population trend (λ). 
To estimate historical N and λ, we relied upon analyses completed by Wiens et al. (2022, pp. 
231–233). Using a linear mixed effects model (henceforth, status and trends model), Wiens et al. 
(2022, pp. 231–247) estimated the yearly population abundance (N) from 1990–2020. From 
these yearly abundances, λ was estimated over time for each hibernaculum. For sites with 
insufficient data-points, Wiens et al. (2022, pp. 231–247) applied λ values from the nearest 
neighbor. To capture uncertainty in the year of arrival of Pseudogymnoascus destructans (Pd), 
they calculated yearly abundance trajectories under two different Pd occurrence models (Wiens 
et al. 2022, pp. 226–229 and Hefley et al. 2020, entire). 

Step 2. Describe Current Abundance, Health, and Distribution 

To estimate current conditions, we relied upon analyses completed by Wiens et al. (2022, pp. 
215–251) as described above. Additionally, because bats occupying a given hibernaculum 
disperse to many different locations on the summer landscape and because colony estimates are 
not available for all hibernacula, we also relied upon the results from USGS-led analyses of 
available summer capture records and acoustic records to garner additional insights on 
population trends at regional scales (see Appendix 2A). 

Step 3. Identify the Primary Drivers (Influences) 

We reviewed the available literature and sought out expert input to identify both the negative 
(threats) and positive (conservation efforts) drivers of population numbers. We identified white-
nose syndrome (WNS), wind related mortality, habitat loss, and climate change as the primary 
drivers in TCB’s abundance. 

We qualitatively assessed the scope, severity, and impact of the four stressors using an approach 
adapted from Master et al. (2012, pp. 28–35) to allow a comparison between influences. For each 
influence, we assigned a scope, severity, and impact level for both current and future states. The 
criteria used to assign levels are shown in Figure 1.2. 

Figure 1.2. Comparative threat assessment criteria and definitions (adapted from Master 
et al. 2012, pp. 28–35). 
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For WNS and wind related impacts, we quantitatively modeled the current and future severity of 
these stressors. We used an existing demographic population model (BatTool, Erickson et al. 
2014) to estimate the impacts (severity) from WNS and wind related mortality (described 
below). 

To assess the impact of WNS and wind related mortality into the future, we used published data, 
expert knowledge, and professional judgment to form plausible future scenarios. To capture the 
uncertainty in our future state projections, we identified plausible upper and lower bound 
changes for each influence. The lower and upper bounds for each influence were then combined 
to create composite plausible “lower” and “upper” impact scenarios. The future scenarios are 
described in Chapter 4. 

To calculate the impact of WNS, Wiens et al. (2022, pp. 231–247) derived the yearly effects of 
WNS, referred to as “WNS impacts schedule” from winter counts at sites upon WNS arrival (see 
Appendix 2A for further detail). Based on current information, we do not foresee a scenario in 
which Pd is eradicated from sites, and thus, we expect the fungus will continue to cause disease 
in populations even as some individuals exhibit resistance or tolerance to it. Thus, we set the 
duration of impacts to 40 years (i.e., the time throughout which WNS will affect survival in the 
population). However, to understand the sensitivity of the results to the duration of disease 
dynamic and to fully capture the uncertainty, we also incorporated a shorter disease dynamic 
duration. Based on current data (i.e., data from caves documented with WNS in 2008 continue to 
show continued impacts of disease through 2021, 14-years), 15 years is the shortest duration 
WNS would affect a population after Pd arrives. Thus, our lower impact scenario assumes a 15-
year impact duration (i.e., no further WNS impacts beyond year 15 since Pd arrival) and high 
impact scenario assumes a 40-year impact duration (i.e., the last and least severe WNS disease 
stage carries through to 2060) (see Appendix 5 for further detail). 

To calculate the impact from wind related mortality, we estimated species-specific wind fatality 
rates as: 

TCB per MW fat rate = Bfat * %Sp 

Where Bfat is the all-bat fatality rate per megawatt (MW) and %Sp is the species-specific percent 
composition of fatalities reported (see Appendix 2A for further details of how Bfat and %Sp 
were calculated). 

Step 4. Project the Number, Health, and Distribution of Populations under Current and 
Future Influences 

To project future abundance and trend given current and future state conditions for WNS and 
wind related mortality, we used the population model, BatTool (updated with TCB-specific 
demographic values). The BatTool projects hibernaculum abundance over time given starting 
abundance (N), trend (λ), environmental stochasticity, WNS stage, annual WNS impacts 
schedule, and annual wind mortality as specified by the wind capacity scenarios. Starting 
abundance (N) and trend (λ) were derived from Step 2 above. We projected abundance through 
2060 to capture the colony response to the 2050 wind energy build-out. Given the species' 
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generation time is 5–7 years, 10 years is sufficient to discern the impacts of the annual mortality 
levels associated with the 2050 wind capacity build-out. 

Using these projected abundance estimates, we calculated various hibernaculum-level and 
Representation Unit (RPU) metrics to describe the species’ historical, current, and future 
condition (number, health, and distribution of populations) given current and future influences. 
The results are summarized in chapters 3, 4, and 6. RPUs are further described in Chapter 2. 

Step 5. Assess the Current and Future Viability 

We evaluated how the change in the number, health, and distribution of populations from 
historical to present to future influences TCB’s ability to withstand stochastic events, 
catastrophes, and novel changes in its environment, i.e., the 3Rs over time. Specifically, we used 
the change in the abundance and distribution of winter colonies over time--to evaluate TCB’s 
resiliency to stochasticity, disturbances, and stressors. To assess redundancy, we qualitatively 
assessed how the current and projected abundance and distribution of colonies affect the risk of 
catastrophic losses due to extreme weather events and epizootics. To assess TCB’s ability to 
adapt to novel changes in its physical and biological environment, we characterized TCB’s 
adaptability relative to 12 recognized core adaptive capacity attributes (Thurman et al. 2020, 
entire) and assessed the likelihood of maintaining colonies across the breadth of adaptive 
diversity given geographic-specific influences and vulnerability to catastrophic events (Appendix 
2B).  

Summary of NABat Data Sources 

Our analyses relied on existing information and upon the data and analyses conducted by NABat. 
Wiens et al. (2022, entire) provided estimates of past, current, and future abundance based on 
available winter count data (NABat 2021; accessed February 10, 2021). Deeley and Ford (2022, 
entire), Stratton and Irvine 2022, entire), and Whitby et al. (2022, entire) provided estimates of 
population trend since Pd arrival based on available summer data (NABat 2020; accessed 
November 18, 2020). Udell et al. (2022, entire) estimated hibernaculum-specific wind energy 
mortality estimates. How we used these data are briefly described in Table 1.1 and Figure 1.3, 
with more detail in Appendix 2. A conceptual model of the BatTool is provided in Figure 1.4. 
Using Wiens et al. (2022, entire) data, we calculated summary statistics at rangewide and RPU 
scales over time. For ease of reading, we do not cite the source of the data within the text of 
Chapters 3–7. In several cases, contributed data could not be utilized in these range-wide 
analyses due to incompatibility with the database structure of NABat or infeasibility of 
transferring data files, e.g., New York State Department of Environmental Conservation acoustic 
data. In these cases, we reviewed any data summaries and analyses provided by the contributing 
partner and assessed them alongside analyses from NABat. 

Table 1.1. NABat analyses used in the SSA. Steps refer to the 5 steps of our analytical approach. 

Citation Data/Analyses Step in Analytical Process Chapter 
Cheng et al. 
2021 Impacts of WNS Step 3: past WNS impacts Chapter 4 
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Citation Data/Analyses Step in Analytical Process Chapter 
Cheng et al. 
2022 Winter colony count analysis 

Rangewide analysis of 
Deeley and Ford summer capture rates from 
2022 1999–2019 

Rangewide change in 
occupancy from 2010–2019 

Stratton and based on summer acoustic & 
Irvine 2022 mist-net data 

Rangewide analysis of 
relative abundance based on 

Whitby et al. summer mobile acoustic data 
2022 from 2009–2019 

Estimated wind related bat 
mortality & allocation to 

Udell et al. 2022 known hibernacula 

Wiens et al. Status & trends linear effects 
2022, pp. 231– model using winter colony 
247 count data 

Hefley et al. 
2020 Pd-occurrence model 2 

Wiens et al. 
2022, pp. 226– 
229 Pd-occurrence model 1 
Wiens et al. 
2022, pp. 236– Future projections of N via 
247 BatTool 

Step 3: past WNS impacts Chapter 4 

Step 2 - Current conditions Chapter 5 

Step 2 – Current conditions Chapter 5 
Step 3 – Characterize impact of Chapter 4 
wind 

Step 2 – Current conditions Chapter 5 
Step 3 – Characterize impact of Chapter 4 
wind 

Step 3. Define future scenarios 
for wind energy mortality Chapter 4 

Chapter 3 Steps 1 & 2 Historical & current 
abundance (N) and population 
trend (λ) over time 
Step 3 past WNS impacts, Chapters 
construct WNS impacts schedule 4, 5 
Steps 1 & 2 – feeds into status & NA 
trends model; 
Step 3 – define future low Chapter 4 
impact scenario for Pd-spread 
Steps 1 & 2 – feeds into status & NA 
trends model; 
Step 3 – define future high Chapter 4 
impact scenario for Pd-spread 

Step 4. Project abundance over Chapters 
time 5, 6 
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et al. 2022 
Hefley et al. 2020 

Step 1: Historical#, 
health, distribution of 

populations 

Step 3. Past threats 

Deeley and Ford 2022 
Stratton and Irvine 2022 
Wiens et al. 2022 
Witby et al. 2022 

Cheng et al. 2021, 2022 
Hefley et al. 2020 
Wiens et al. 2022 
Witby et al. 2022 

Step 2: Current#, health, 
distribution of populations 

--···· 

Step 3. Future 
threats 

Hefley et al. 2020 
Wiens et al. 2022 
Udell et al. 2022 

Step 4. Future#, health, 
distribution of populations 

over time 

Step 4. Future#, health, 
distribution of populations 

over time 

Step 5. Catastrophic 
events 

Step 5. Representation 
Redundancy 
Resiliency 

Step 5. Representation 
Redundancy 

Resiliency 

Step 5. catastrophic 
events 

Step 5. Current 
Extinction Risk 

Step 5. Future 
Extinction Risk 

Figure 1.3. A conceptual diagram showing where the NABat data sources are used in our analytical process. 

12 



 

 

 
     

  
    

     
    

       
   

NS spread models: 
Russell, V\liens 

W111er colooy 
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Decreas0 ad II 
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Subtract bats directly 
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Demographic and 
environment 
itoohas city 

Demographic model 
(BatTool) 

Figure 1.4. BatTool conceptual model. Top (blue boxes): raw data (winter colony) feeds into the status and trends model, which outputs current 
colony size (N) and population trend (λ) values to input into the BatTool. Middle (pink boxes): 2 Pd occurrence models give Pd year of arrival, 
which is used in both the status and trends model and BatTool. Middle (peach boxes): SSA core team derived WNS annual impacts schedule, 
which feeds into the BatTool as decreases in adult winter survival. Bottom (green boxes): SSA core team calculated species-specific bat fatality 
per MW and USGS projected allocation of this mortality are used to project colony specific mortality over time, which feeds into the BatTool as 
direct loss of adult females. Far right boxes (gray boxes): projected abundance (N) over time is the output, which is used to calculate colony and 
RPU level statistics, e.g., λ, number of extant sites, etc 
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CHAPTER 2 – SPECIES ECOLOGY AND NEEDS 

Taxonomy and Genetics 

The tricolored bat (Perimyotis subflavus; TCB) was first described by Cuvier in 1832 from 
specimens collected from the eastern U.S., likely Georgia (Fujita and Kunz 1984, p. 1). Various 
common names have been applied to TCB, including Georgian bat, pigmy bat, southern pipistrel, 
and most commonly: eastern pipistrelle (Fujita and Kunz 1984, p. 4). In addition, this species has 
been identified by different scientific names: Vespertilio subflavus, V. erythrodactylus, V. 
monticola, Vesperugo veraecrucis and Pipistrellus subflavus (Fujita and Kunz 1984, p. 1). In 
1897, Miller (pp. 90–95) placed TCB into genus Pipistrellus where it remained until recent 
phylogenetic analyses confirmed TCB do not share a recent common ancestor with other 
Pipistrellus-like bats and consequently belong in their own genus, Perimyotis (Hoofer and Van 
Den Bussche 2003, pp. 32–34; Hoofer et al. 2006, pp. 982–983). Davis (1959, entire) described 
four subspecies (Pipistrellus subflavus subflavus, P. s. clarus, P. s. floridanus, and P. s. 
veraecrucis) based on geographic variation in color, size, and cranial measurements (Figure 2.1); 
an analysis of TCB genetics across its entire range has not been conducted. Furthermore, when 
the genus reclassification from Pipistrellus to Perimyotis was completed, no separate subspecies 
were proposed. Consequently, we find this point to be more persuasive than the morphological 
information provided in Davis 1959 (entire). Therefore, for the purposes of this SSA, we 
considered TCB a valid taxon and monotypic (Hoofer and Van Den Bussche 2003, entire). 

As we mentioned above, TCB genetics information is limited. In one study, Martin (2014, entire) 
examined mitochondrial and microsatellite markers to assess genetic structure across TCB’s 
eastern and midwestern range. Mitochondrial markers separated by large geographic distances 
were more genetically distinct2 and suggest two subpopulations across the sampled range (Figure 
2.1) (Martin 2014, pp. 20 and 39). Microsatellites, however, suggested very little genetic 
differentiation (Martin 2014, p. 21). Martin (2014, p. 24) postulated this observed pattern of 
significant structure in maternally inherited markers (i.e., mitochondrial DNA) with a lack of 
structure in nuclear markers (i.e., microsatellites) may be the result of male-biased dispersal, but 
additional analyses are required. Unfortunately, large portions of TCB’s range were not sampled. 
We are unaware of additional genetic studies that analyze TCB population genetics in greater 
depth and we suggest more research is needed. 

2 One exception was TCB samples collected from Vermillion, Indiana, which were significantly genetically distinct 
from all other sites; however, there were haplotypes shared with locations in the West population supporting some 
low but non-negligible intra-regional female dispersal (Martin 2014, pp. 25–26). 
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Figure 2.1. Mitochondrial markers suggest two subpopulations across the sampled range 
(from Martin 2014, p. 39). 

Species Description 

TCB (Figure 2.2) is one of the smallest bats in eastern North America and is distinguished by its 
unique tricolored fur that appears dark at the base, lighter in the middle, and dark at the tip 
(Barbour and Davis 1969, p. 115). TCB often appear yellowish (varying from pale yellow to 
nearly orange), but may also appear silvery-gray, chocolate brown, or black (Barbour and Davis 
1969, p. 115). Males and females are colored alike, but females are consistently heavier than 
males (LaVal and LaVal 1980, p. 44). Newly volant young are much darker and grayer than 
adults (Allen 1921, p. 55). Other distinguishing characteristics include 34 teeth (compared with 
38 teeth in eastern North American Myotis spp. for which it is sometimes confused), a calcar 
(i.e., spur of cartilage arising from the inner side of the ankle) with no keel, and only the anterior 
third of the uropatagium (i.e., the membrane that stretches between the legs) is furred (Barbour 
and Davis 1969, p. 115; Hamilton and Whitaker 1979, p. 85). 
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Figure 2.2. TCB bat with young (photo credit: Christopher E. Smith, Minnesota 
Department of Transportation). 

Species Range 

TCB are known from 39 States (Alabama, Arkansas, Colorado, Connecticut, Delaware, Florida, 
Georgia, Illinois, Indiana, Iowa, Kansas, Kentucky, Louisiana, Maine, Maryland, Massachusetts, 
Michigan, Minnesota, Mississippi, Missouri, Nebraska, New Hampshire, New Jersey, New 
Mexico, New York, North Carolina, Ohio, Oklahoma, Pennsylvania, Rhode Island, South 
Carolina, South Dakota, Tennessee, Texas, Vermont, Virginia, Wisconsin, West Virginia, 
Wyoming), Washington D.C., 4 Canadian Provinces (Ontario, Quebec, New Brunswick, Nova 
Scotia), and Guatemala, Honduras, Belize, Nicaragua and Mexico (Figure 2.3). The species 
current distribution in New Mexico, Colorado, Wyoming, South Dakota and Texas is the result 
of westward range expansion in recent decades (Geluso et al. 2005, p. 406; Adams et al. 2018, 
entire; Hanttula and Valdez 2021, p. 132) as well as into the Great Lakes basin (Kurta et al. 
2007, p. 405; Slider and Kurta 2011, p. 380). This expansion is largely attributed to increases in 
trees along rivers and increases in suitable winter roosting sites, such as abandoned mines and 
other human-made structures (Benedict et al. 2000, p. 77; Geluso et al. 2005, p. 406; Slider and 
Kurta 2011, p. 380). 
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Figure 2.3. TCB range3. 

Individual-level Ecology and Needs 

Below we describe the life history and ecological needs for TCB individuals to survive and 
reproduce; life history and ecological needs are summarized in Table 2.1 and Figure 2.5. 

Longevity—The oldest TCB on record is a male captured in Illinois 14.8 years after it was 
originally banded (Walley and Jarvis 1972, p. 305). Paradiso and Greenhall (1967, pp. 251–252) 
reported an 11.2 year-old female in West Virginia and 4 additional TCB living at least 10 years. 
Based on monitoring recaptures over twelve years at two caves in West Virginia, Davis (1966, p. 
389) suggested TCB survival is low in the first year, peaks in the third year, and then decreases 
as maximum life span is approached (Davis 1966, p. 389); however, this study did not account 
for the possibility that some individuals dispersed to different hibernacula. 

Sheltering—During the spring, summer, and fall (i.e., non-hibernating seasons), TCB primarily 
roost among live and dead leaf clusters of live or recently dead deciduous hardwood trees 
(Veilleux et al. 2003, p. 1071; Perry and Thill 2007, pp. 976–977; Thames 2020, p. 32). In the 
southern and northern portions of the range, TCB will also roost in Spanish moss (Tillandsia 
usneoides) and Usnea trichodea lichen, respectively (Davis and Mumford 1962, p. 395; Poissant 
2009, p. 36; Poissant et al. 2010, p. 374). In addition, TCB have been observed roosting during 

3 Note map does not include single TCB record from northwestern Nicaragua (Medina-Fitoria et al. 2015, p. 49). 
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summer among pine needles (Perry and Thill 2007, p. 977), eastern red cedar (Juniperus 
virginiana) (Thames 2020, p. 32), within artificial roosts (e.g., barns, beneath porch roofs, 
bridges, concrete bunkers) (Jones and Pagels 1968, entire; Barbour and Davis 1969, p. 116; 
Jones and Suttkus 1973, entire; Hamilton and Whitaker 1979, p. 87; Mumford and Whitaker 
1982, p. 169; Whitaker 1998, p. 652; Feldhamer et al. 2003, p. 109; Ferrara and Leberg 2005, p. 
731; Smith 2020, pers. comm.), and rarely within caves (Humphrey et al. 1976, p. 367; Briggler 
and Prather 2003 p. 408; Damm and Geluso 2008, p. 384). Female TCB exhibit high site fidelity, 
returning year after year to the same summer roosting locations (Allen 1921, p. 54; Veilleux and 
Veilleux 2004a, p. 197). Female TCB form maternity colonies and switch roost trees regularly 
(e.g., between 1.2 days and 7 days at roost trees in Indiana) (Veilleux and Veilleux 2004a, p. 
197; Quinn and Broders 2007, p. 19; Poissant et al. 2010, p. 374). Males roost singly (Perry and 
Thill 2007, p. 977; Poissant et al. 2010, p. 374). 

During the winter, TCB hibernate (i.e., reduce their metabolic rates, body temperatures, and 
heart rate) in caves and mines, although in the southern U.S., where caves are sparse, TCB often 
hibernate in road-associated culverts (Sandel et al. 2001, p. 174; Katzenmeyer 2016, p. 32; 
Limon et al. 2018, entire; Bernard et al. 2019, p. 5; Lutsch 2019, p. 23; Meierhofer et al. 2019, p. 
1276) and sometimes tree cavities (Newman 2020, p. 14) and abandoned water wells (Sasse et al. 
2011, p. 126). TCB exhibit high site fidelity with many individuals returning year after year to 
the same hibernaculum (Davis 1966, p. 385; Jones and Pagels 1968, p. 137; Jones and Suttkus 
1973, p. 964; Sandel et al. 2001, p. 175). 

TCB are one of the first cave-hibernating species to enter hibernation in the fall and one of the 
last to leave in the spring in Missouri and Pennsylvania (LaVal and LaVal 1980, p. 29; Merritt 
1987, p. 102). In the southern U.S., hibernation length is shorter compared to northern portions 
of the range and some TCB exhibit shorter torpor bouts and remain active and feed during the 
winter (Layne 1992, pp. 43–44; Grider et al. 2016, p. 8; Limon et al. 2018, p. 219; Newman 
2020, pp. 13–17; Stevens et al. 2020, p. 528). The number of hibernating TCB does not peak at 
caves and mines until December or later, suggesting some bats stay on the landscape or in 
alternate hibernacula and only move in to caves and mines when it gets colder (Barbour and 
Davis 1969, p. 119; Vincent and Whitaker 2007, p. 61), although, in some cases, TCB may 
remain on the landscape and hibernate in rock shelters (e.g., fissures in sandstone and 
sedimentary rock) (Johnson 2021, pers. comm.). 

TCB are often found hibernating at warmer locations within caves and mines compared to other 
cave-hibernating bat species within these locations (Barbour and Davis 1969, p. 119; Raesly and 
Gates 1987, p. 17). TCB was observed hibernating at a mean temperature of 51.6 degrees 
Fahrenheit (F; 10.9 degrees Celsius (C)) (range 50.5 – 52.5 degrees F (10.3–11.4 degrees C)) at 
caves and mines in Pennsylvania, Maryland, and West Virginia (Raesly and Gates 1987, p. 18). 
TCB are also found in areas of caves and mines with high humidity (e.g., 99%; Mohr 1976, p. 
97) and were not observed in caves where relative humidity was below 80% (Ploskey and 
Sealander 1979, p. 72). 

Hibernating TCB do not typically form large clusters; most commonly roost singly, but 
sometimes in pairs, or in small clusters of both sexes away from other bats (Hall 1962, p. 29; 
Barbour and Davis 1969, p. 117; Mumford and Whitaker 1982, p. 169; Raesly and Gates 1987, 
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p. 19; Briggler and Prather 2003, p. 408; Vincent and Whitaker 2007, p. 62). TCB roost on cave 
walls (more often) and ceilings and are rarely found in cave crevices (Mumford and Whitaker 
1982, p. 169). TCB will shift roosts from one to another during the winter but arouse less 
frequently than other cave-hibernating bat species (Barbour and Davis 1969, p. 119; Mumford 
and Whitaker 1982, p. 169); consequently, sometimes water beads will collect on their fur 
making them appear almost white (Hamilton 1943, p. 86; Barbour and Davis 1969, p. 119). In 
road associated-culverts in the southern U.S., however, TCB exhibit shorter torpor bouts and 
move within and between culverts throughout the winter (Anderson et al. undated). 

TCB hibernate in more caves and mines than any other cave-hibernating bat species in eastern 
North America (Sealander and Young 1955, pp. 23–24; Barbour and Davis 1969, p. 117; Brack 
et al. 2003, p. 65). TCB may use small caves and mines that are unsuitable to other cave-
hibernating bat species (Barbour and Davis 1969, p. 117; Mumford and Whitaker 1982, p. 168; 
Hamilton and Whitaker 1979, p. 87); however, hibernating TCB have been observed in greater 
numbers in hibernacula with stable temperatures (Briggler and Prather 2003, p. 411). Raesly and 
Gates 1987 (p. 19) found TCB hibernating in 80% of the 50 locations surveyed in Pennsylvania 
versus little brown bats (Myotis lucifugus), Indiana bats (M. sodalis), northern long-eared bats 
(M. septentrionalis), and big brown bats (Eptesicus fuscus) which were found in 56%, 16%, 
16%, and 34% of potential hibernacula, respectively. Almost every cave in Indiana has contained 
at least one TCB (Mumford and Whitaker 1982, pp. 167–168); and small numbers of TCB have 
likely occupied most of Missouri’s 6,400 caves (Perry 2021, pers. comm.).  

Prior to the arrival of WNS (see Chapter 4), hibernating TCB colonies varied between 1 and 
5,300 individuals; however, 40% of hibernacula had between just 1 and 10 individuals (Figure 
2.4). The largest TCB hibernating colony (n = 5,300) was observed in Georgia in 2010 (NABat 
2021).  
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Figure 2.4. Total number of hibernating TCB observed during winter counts at 
hibernacula (n=1,236) prior to the arrival of white-nose syndrome (NABat 2021; 
accessed February 10, 2021). 
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Feeding— TCB are opportunistic feeders and consume small insects including caddisflies 
(Trichoptera), flying moths (Lepidoptera), small beetles (Coleoptera), small wasps and flying 
ants (Hymenoptera), true bugs (Homoptera), and flies (Diptera) (Whitaker 1972, p. 879; LaVal 
and LaVal 1980, p. 24; Griffith and Gates 1985, p. 453; Hanttula and Valdez 2021, p. 132). TCB 
emerge early in the evening and forage at treetop level or above (Davis and Mumford 1962, p. 
397; Barbour and Davis 1969, p. 116) but may forage closer to ground later in the evening 
(Mumford and Whitaker 1982, p. 170). TCB exhibit slow, erratic, fluttery flight while foraging 
(Fujita and Kunz 1984, p. 4) and commonly forage with eastern red bats (Lasiurus borealis) and 
silver-haired bats (Lasionycteris noctivagans) (Davis and Mumford 1962, p. 397; Mumford and 
Whitaker 1982, p. 169). TCB forage most commonly over waterways and forest edges (Barbour 
and Davis 1969, p. 116; Mumford and Whitaker 1982, pp. 170–171; Hein et al. 2009, p. 1204). 
Maximal distance traveled from roost areas to foraging grounds was 4.3 kilometers (km; 2.7 
miles) for reproductive (pregnant or lactating) adult females in Indiana (Veilleux et al. 2003, p. 
1074) and 24.4 km (15.2 miles) (mean=11.4 km; 7.1 miles) for male TCB in Tennessee (Thames 
2020, p. 61). 

Reproduction—Male and female TCB converge at cave and mine entrances between mid-
August and mid-October to swarm and mate. Adult females store sperm in their uterus during the 
winter and fertilization occurs soon after spring emergence from hibernation (Guthrie 1933, p. 
209). Females typically give birth to two young, rarely one or three between May and July (Allen 
1921, p. 55; Barbour and Davis 1969, p. 117; Cope and Humphrey 1972, p. 9). Young grow 
rapidly and begin to fly at 3 weeks of age and achieve adult-like flight and foraging ability at 4 
weeks (Lane 1946, p. 59; Whitaker 1998, pp. 653–655). Adults often abandon maternity roosts 
soon after weaning, but young remain longer (Whitaker 1998, p. 653). TCB are considered 
juveniles (i.e., subadults) when entering their first hibernation and most probably do not mate 
their first fall (Fujita and Kunz 1984, p. 3). 

Maternity colonies consist of 1 to 8 (mean = 4.4) females and pups at tree roosts in Indiana 
(Veilleux and Veilleux 2004b, p. 62). Perry and Thill 2007 (p. 977) observed an average of 6.9 
adult females and pups per colony in Arkansas (range 3 to 13). Maternity colonies include up to 
18 females in trees in Nova Scotia (Poissant et al. 2010, p. 374). Whitaker (1998, p. 652) found 
colonies in buildings averaged 15 adult females (range 7 to 29 adult females). Hoying and Kunz 
1998 (p. 19) reported the largest colony on record in a Massachusetts barn (19 adult females and 
37 young). 

Movement/Dispersal— TCB disperse from winter hibernacula to summer roosting habitat in the 
spring. Fraser et al. 2012 (p. 5) concluded that at least some TCB engage in latitudinal migration 
that is more typically associated with hoary bats (Lasiurus cinereus), eastern red bats, and silver-
haired bats, and this behavior is more common for males than for females. The maximum 
migration distance on record is a female TCB who migrated a straight-line distance of 243 km 
(151 miles) from her winter hibernaculum in southern Tennessee to a summer roost in Georgia 
(Samoray et al. 2019, p. 17). Other migration records between winter hibernacula and summer 
habitat include less than 80 km (50 miles) (Barbour and Davis 1969, p. 117), 44 km (27 miles) 
(Samoray et al. 2019, p. 18), and 137 km (85 miles) (Griffin 1940, p. 237). Hibernaculum to 
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hibernaculum movement up to 209 km (130 miles) has also been documented between two 
consecutive winters (Lutsch 2019, p. 38). 

Figure 2.5. Generalized annual life history diagram for TCB (adapted from Silvis et al. 
2016, p. 1).  
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Table 2.1. TCB individual-level needs for survival and reproduction. 

LIFE STAGE SEASON 
Pups Summer - roosting habitat with suitable conditions for lactating females and 

for pups to stay warm and protected from predators while adults are 
foraging. 

Juveniles Summer - other maternity colony members (colony dynamics, 
thermoregulation); suitable roosting and foraging habitat near abundant 
food and water resources. 

Fall - suitable roosting and foraging habitat near abundant food and water 
resources. 

Winter - habitat with suitable microclimate conditions. 

Reproductive 
Females 

Summer - other maternity colony members (colony dynamics); network of 
suitable roosts (i.e., multiple summer roosts in close proximity) near 
conspecifics and foraging habitat near abundant food and water resources. 

All Adults Spring - suitable roosting and foraging habitat near abundant food and 
water resources; habitat connectivity and open air space for safe migration 
between winter and summer habitats. 

Summer - roosts and foraging habitat near abundant food and water 
resources. 

Fall - suitable roosting and foraging habitat near abundant food and water 
resources; cave and/or mine entrances (or other similar locations, e.g., 
culvert, tunnel) for conspecifics to swarm and mate; habitat connectivity 
and open air space for safe migration between winter and summer habitats. 

Winter - habitat with suitable microclimate conditions. 

Population-level Needs 

To be self-sustaining, a population must be demographically, genetically, and physically healthy 
(see Redford et al. 2011, entire). Demographically healthy means having robust survival, 
reproductive, and growth rates. Genetically healthy populations have large effective population 
sizes (Ne), high heterozygosity, and gene flow between populations. Physically healthy means 
individuals have good body condition. The population-level ecological requirements of a healthy 
TCB population are discussed below and summarized in Figure 2.6 and Table 2.2. 

Demography 

For TCB populations to have a healthy demography, the population growth rate (lambda or λ) 
must be sufficient to withstand natural environmental fluctuations. At a minimum, λ must be at 
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least one for a population to remain stable over time. To maintain a healthy λ and Ne, TCB, are 
dependent on their ability to select environments with ample prey and appropriate conditions at 
summer and winter roosting habitat. For example, TCB winter roosts require stable 
microclimates within narrow temperature and humidity ranges, and low levels of disturbance. 
During favorable hibernating conditions, TCB survival and therefore reproductive rates are high 
(increasing λ); conversely, when environmental conditions are unfavorable, survival and 
reproductive rates are low (decreasing λ). Growth rates are not expected to vary across TCB’s 
range and population numbers generally do not experience extreme variation from year-to-year 
or successive generations. 

Habitat Quality and Quantity 

To support a strong growth rate, TCB populations benefit from large population sizes (which 
helps maintain genetic health via large Ne) and sufficient quality and quantity of habitat to 
accommodate all life stages. The required habitat quality to support healthy demographic rates 
and physical health is described under Individual-level Ecology and Needs. The quantity of 
habitat is likely to vary among populations, but will likely hinge on the availability of roosting 
habitat in the summer and suitable hibernacula in the winter. Limited research suggest the 
minimum summer roost area (not including foraging area) for individual adult female TCB 
ranges between 0.1 and 2.2 hectare (ha) (0.25 and 5.4 acre [ac]) (Veilleux and Veilleux 2004a, p. 
197). Mean foraging area for 7 adult male TCB was 2,350 ha (5,807 acres) (range 234–9,655 ha; 
578–23,858 acres) and 364 ha (899 acres) for a single non-reproductive female in Tennessee 
(Thames 2020, p. 61). Although TCB hibernate in more caves and abandoned mines than any 
other cave-hibernating bat species in eastern North America (see Individual-level Ecology and 
Needs), higher numbers of TCB have been observed in caves with stable temperatures (Briggler 
and Prather 2003, p. 411). More research is needed on the specific optimal quality of TCB 
habitat. 

Connectivity 

To support all life stages, TCB populations require a matrix of interconnected habitats that 
support spring migration, summer maternity colony formation, fall swarming, and winter 
hibernation. For these populations, movement among habitats is needed to maintain genetic 
diversity and to allow recolonization in the event of local extirpation. TCB migrate up to 243 km 
(151 miles) between winter hibernacula and summer roosting sites (Samoray et al. 2019, p. 17). 
TCB prefer landscapes with greater forest area, forest aggregation, and tree corridors and are less 
abundant among urban development (Duchamp and Swihart 2009, p. 855; Farrow and Broders 
2011, p. 177). Thus, large stretches of urban development (i.e., less suitable habitat) may 
negatively influence connectivity between summer and winter habitats. 
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Figure 2.6. Conceptual model showing the connections between resource needs and the 
physiological needs and demographic rates of a TCB population (population-level 
resiliency). 

Table 2.2. Population level requirements for a healthy population. 
Parameter Requirements 
Population growth rate, λ At a minimum, λ must be ≥1 for a population to 

remain stable over time. 

Population size, N Sufficiently large N to allow for essential colony 
dynamics and to be resilient to environmental 
fluctuations.  

Winter roosting habitat Safe and stable winter roosting sites with suitable 
microclimates. 

Migration habitat Safe space to migrate between spring/fall habitat 
and winter roost sites. 

Spring and fall roosting, foraging, and 
commuting habitat 

A matrix of habitat of sufficient quality and 
quantity to support bats as they exit hibernation 
(lowest body condition) or as they enter into 
hibernation (need to put on body fat). 

Summer roosting, foraging, and 
commuting habitat 

A matrix of habitat of sufficient quality and 
quantity to support maternity colonies. 
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Species-level Needs 

The ecological requisites at the species level include having a sufficient number and distribution 
of healthy populations to ensure TCB can withstand annual variation in its environment 
(resiliency), catastrophes (redundancy), and novel or extraordinary changes in its environment 
(representation). We describe TCB’s requirements for resiliency, redundancy, and representation 
below, and summarize the key aspects in Table 2.3. 

Resiliency 

TCB’s ability to withstand stochastic events requires maintaining healthy populations across 
spatially heterogeneous conditions. Healthy populations—demographically, genetically, or 
physically robust—are better able to withstand and recover from environmental and 
demographic variability and stochastic perturbations. The greater the number of healthy 
populations, the more likely TCB will withstand perturbations and natural variation, and hence, 
have greater resiliency. Additionally, occupying a diversity of environmental conditions and 
being widely distributed helps guard against populations fluctuating in synchrony (i.e., being 
exposed to adverse conditions concurrently). Asynchronous dynamics among populations 
minimizes the chances of concurrent losses, and thus, provides species’ resiliency. Lastly, 
maintaining the natural patterns and levels of connectivity between populations also contributes 
to TCB’s resiliency by facilitating population-level heterozygosity via gene flow and 
demographic rescue following population decline or extinction due to stochastic events. 

Redundancy 

TCB’s ability to withstand catastrophic events requires having multiple, widely distributed 
populations relative to the spatial occurrence of catastrophic events. In addition to guarding 
against population extirpation, redundancy is important to protect against losses in TCB’s 
adaptive capacity. Multiple, widely distributed populations within areas of unique diversity will 
guard against losses of adaptive capacity due to catastrophic events, such as extreme winter 
events, epizootics, and hurricanes. 

Representation 

TCB’s ability to withstand ongoing and future novel changes is influenced by its capacity to 
adapt (referred to as adaptive capacity). TCB may adapt to novel changes by either moving to 
new, suitable environments or by altering (via plasticity or genetic change) its physical or 
behavioral traits to match the new environmental conditions. There are multiple intrinsic factors 
that limit the species ability to adapt to a rapidly changing environment (see Appendix 2B). 
Below we describe TCB’s ability to colonize new areas and to alter its physical traits. 

TCB’s capacity to colonize new areas (or track suitable conditions) is a function of its physical 
capability and behavioral tendencies to disperse. TCB flight capabilities and behavior allows for 
TCB to shift their summer locales in response to local novel changes. Also, dispersal ability will 
hinge on the availability of suitable summer and winter roosting habitat. TCB primarily roost in 
foliage during the summer (see Individual-level Ecology and Needs), so TCB need landscapes 
with forest habitat and tree corridors likely promote movement between forested patches. TCB is 
found in more hibernacula than any other North American cave-hibernating bat species (see 
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Individual-level Ecology and Needs) and are able to exploit human-made structures (e.g., road-
associated culverts). As previously discussed above (see Species Range), in recent decades, TCB 
distribution has expanded westward and into the Great Lakes basin. This expansion signifies 
TCB’s ability to disperse when increases in suitable summer habitat (e.g., forested areas) and 
suitable winter roosting sites (e.g., human-made structures) are available. Maintaining suitable 
habitat within local home ranges and beyond likely enables TCB to shift their range to track 
suitable conditions. However, despite their capacity to fly long distances, females show limited 
capacity to make large, abrupt shifts. Their limits are likely owing to the energetic demands of 
migration and reproduction at a point when their fat reserves are at their lowest after hibernation 
and strong philopatry (i.e., tending to return to or remain near a particular area) to both winter 
and summer locales. Thus, TCB adapt to changing conditions via small, local shifts but are 
unlikely to possess the capacity for rapid, large shifts in response to broad-scale novel changes. 

TCB’s capacity to alter its physical or behavioral traits (phenotypes) to match the new 
environmental conditions is driven by the breadth of adaptive genetic variation. Thus, 
maintaining populations across the breadth of variation preserves TCB’s capacity to adapt to 
ongoing and future changes. 

In addition to preserving the breadth of variation, it is also necessary to maintain the key 
evolutionary processes through which adaptation occurs, namely, natural selection, gene flow, 
and genetic drift. Maintaining healthy TCB populations across a diversity of environments and 
climatic conditions as well as keeping natural networks of genetic connections between 
populations allows for such adaptation, via natural selection or gene flow; and preserving large 
effective population abundances, ensures genetic drift does not act unduly upon the species (see 
Chapter 1 for further explanation). 

For reasons explained in Chapter 1, we rely on proxies to identify species’ adaptive genetic 
variation. We identified and delineated the genetic variation across TCB’s range into 
geographical representation units using the following proxies: variation in biological traits, 
neutral genetic diversity, peripheral populations, habitat niche diversity, and steep environmental 
gradients. These representation units (RPUs) are described below and illustrated in Figure 2.7. 
Bailey’s Eco-Divisions (Bailey 2016, entire) were overlayed on these proxies to identify 
approximate boundaries due to the associated climatic differences (i.e., precipitation levels, 
patterns and temperatures) that may be influential in driving the species’ adaptive ability. By 
establishing these RPUs (a combination of proxies and Bailey’s Eco-Divisions) the underlying 
adaptive variation of TCB (at a broad scale) is preserved. 

26 



 

 

  
   
 

   

  
 

   

  

   
    

 
  

  
  

 

  
  

 
  

r_;~ ,P-

<'·-...... _ .... .t'C~------

Representation Units 

ILU<j Northern 

D Eastern 

~ Southern 

Figure 2.7. Range of TCB organized into three Representation Units. 

1. Eastern RPU: 

Eastern TCB are identified as a RPU because they contribute unique genetic variation 
and behavioral traits and occupy unique ecological conditions. 

Eastern TCB have unique mitochondrial genetic variability that differentiates this 
population from other populations (Martin 2014, entire). The Appalachian Mountain 
range separates the Eastern and Northern RPUs and may serve as a barrier (although 
permeable) to maternal gene flow (Martin 2014, p. 26; Miller-Butterworth 2014, p. 361). 
The more robust investigation of little brown bats supports this concept. Miller-
Butterworth et al. (2014, entire) found that the Allegheny front (i.e., escarpment along the 
eastern edge of the Appalachian plateau) likely influences movements of female little 
brown bats in Pennsylvania and West Virginia. They found that mitochondrial DNA was 
significantly different in hibernating little brown bats at three of five hibernacula west of 
the Allegheny front versus those hibernating east of the front and concluded that 
topography plays an important role in limiting female movements and maternal gene flow 
(Miller-Butterworth 2014, p. 361). In addition, to determine whether this pattern of 
population substructure extended beyond Pennsylvania and West Virginia, Miller-
Butterworth et al. (2014, p. 360) analyzed genetic samples from a hibernating little brown 
bat colony in Vermont. They found that despite the geographic distance (up to 840 km 
(522 miles)), mitochondrial DNA was not significantly different from the bat colony in 
Vermont and colonies east of the Allegheny front in Pennsylvania and West Virginia. 
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The pattern of WNS (see Chapter 4) spread also supports the observed maternal gene 
flow patterns reported in Martin (2014, entire) and Miller-Butterworth et al. (2014, 
entire). The pattern and timing of spread of WNS may be partially explained by female 
latitudinal movements that are unobstructed by landscape features (Miller-Butterworth et 
al. 2014, p. 362). The initial spread of WNS between 2007 and 2009 followed the 
Appalachian Mountains through Pennsylvania, Maryland, Virginia, and West Virginia 
(Figure 4.3). All the Pennsylvania hibernacula infected with WNS during or prior to 2009 
were located to the east of the Allegheny front (see Figure 1 in Miller-Butterworth et al. 
2014, p. 356). Consequently, it took another 1 to 2 years for WNS to spread to 
hibernacula on the western side of the Allegheny front (Miller-Butterworth et al. 2014, p. 
355).    

The southern reach of the Eastern RPU is predominantly marked by hot summers, cool 
winters, and deciduous forests. The northern reach is predominantly marked by warm 
summers, cold winters, and coniferous forests. During the summer, Eastern TCB 
predominantly roost in foliage of live or recently dead deciduous hardwood trees; 
however, TCB in Nova Scotia are unique in their exclusive selection of Usnea trichodea 
lichen as summer roosting habitat (Poissant et al. 2010, p. 374).  

2. Northern RPU: 
Northern TCB are identified as a RPU because they contribute unique genetic variation 
and behavioral traits and occupy unique ecological conditions. 

Northern TCB have unique mitochondrial genetic variability that differentiates this 
population from other populations (Martin 2014, entire; see Eastern Unit above for 
further discussion). The Northern RPU is predominantly marked by hot summers, cool or 
cold winters, deciduous forests to the east, prairies to the west, and coniferous forests to 
the north. Cooler winters have led Northern TCB to exhibit longer hibernation periods. 
Northern TCB generally emerge from hibernation between April and May, compared to 
Southern TCB who emerge from hibernation as early as March (USFWS unpublished 
data). 

3. Southern RPU: 
Southern TCB are identified as a RPU because they contribute unique behavioral traits 
that include shorter hibernation duration, increased winter activity, and exploitation of 
road-associated culverts as hibernacula.  

Southern TCB exhibit shorter hibernation lengths and some remain active and feed year 
round (Grider et al. 2016, p. 8; Newman 2020, pp. 13–17). The Southern RPU is 
predominantly marked by subtropical climate conditions, high humidity (especially in 
summer), and the absence of harsh cold winters. Southern TCB may benefit from reduced 
physiological pressures associated with maintaining torpor during long harsh winters and 
in turn have higher survival rate (Fraser et al. 2012, p. 6). Southern TCB are also unique 
in their frequent exploitation of road-associated culverts as winter hibernacula in the 
southern U.S. As discussed in Individual-level Ecology and Needs, culverts account for 
the majority of hibernacula documented in Mississippi, Georgia, and Louisiana (Limon et 
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al. 2018, entire; NABat 2021). Researchers have hypothesized that utilizing culverts 
coupled with sub-tropical climate conditions will lead to TCB exhibiting frequent arousal 
and foraging events during winter (Castleberry et al. 2019, p. 2). If TCB utilizing culverts 
are exhibiting increased winter activity related to foraging or otherwise, these euthermic 
bouts could significantly reduce their susceptibility to WNS (Cornelison et al. 2019, p. 3). 

During the summer, Southern TCB predominantly roost in foliage of live or recently dead 
deciduous hardwood trees (see Individual-level Ecology and Needs); however, TCB will 
also roost in Spanish moss (Davis and Mumford 1962, p. 395). Note, TCB are considered 
rare and local in southeast Mexico and Central America (Reid 1997, p. 154; Medina-
Fitoria et al. 2015, p. 49; Turcios-Casco et al. 2020, p. 532; Turcios-Casco et al. 2021, p. 
10); consequently, given limited data from this region, we were unable to include 
Guatemala, Honduras, Belize, Nicaragua, and Mexico in our analysis.  

Table 2.3. Species-level ecology: Requisites for long-term viability (ability to maintain 
self-sustaining populations over a biologically meaningful timeframe). 
3 Rs Requisites Long-term 

Viability 
Description 

Resiliency (populations 
able to withstand 
stochastic events) 

Demographic, physically, and 
genetically healthy 
populations across a diversity 
of environmental conditions 

Self-sustaining populations are 
demographically, genetically, and 
physiologically robust, have 
sufficient quantity of suitable habitat 

Redundancy 
(number & distribution of 
populations to withstand 
catastrophic events) 

Multiple and sufficient 
distribution of populations 
within areas of unique 
variation, i.e., Representation 
units 

Sufficient number and distribution to guard 
against population losses and losses in 
species adaptive diversity, i.e., reduce 
covariance among populations; spread out 
geographically but also ecologically 

Representation (genetic & 
ecological diversity to 
maintain adaptive 
potential) 

Maintain adaptive diversity of 
the species; Maintain 
evolutionary processes 

Populations maintained across breadth of 
behavioral, physiological, ecological, and 
environmental diversity; Maintain 
evolutionary drivers--gene flow, natural 
selection--to mimic historical patterns 
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CHAPTER 3 – HISTORICAL CONDITION 

This chapter describes the number, health, and distribution of TCB populations up to the present 
day. The historical condition provides the baseline condition from which we evaluated changes 
in TCB viability over time (Figure 3.1). 

Figure 3.1. Highlighting (blue rectangle) the current step in our analytical framework.  

Prior to 2006 (i.e., before WNS was first documented; see Chapter 4), TCB was highly abundant 
and widespread, with over 140,000 bats4 observed hibernating in 1,951 known hibernacula 
spread across >1 billion acres in 34 states and 1 Canadian province (Figure 3.2, Table A-3A1). 
TCB numbers vary temporally and spatially, but abundance and occurrence on the landscape 
were generally stable (Cheng et al. 2022, pp. 204–205; Wiens et al. 2022, pp. 231–233). 
Although the majority of winter colony sizes were small (<100 individuals), the vast majority of 
individuals included in our dataset occupied a small subset of hibernacula; for example, in 2000, 
32% (n=508) of the known winter colonies contained 90% of total known winter abundance 
(Figure 3.2). 

Historically, of the known hibernacula, the Northern RPU contained approximately 58% of 
winter hibernacula (n=1,124) and 66% of the total TCB abundance. The Southern RPU 
contained approximately 32% of winter hibernacula (n=616) and 22% of the total abundance and 
the Eastern RPU was the smallest, comprising approximately 11% of winter hibernacula (n=211) 
and 11% of the total abundance (Table A-3A2). 

TCB’s range encompasses 39 states, 4 Canadian provinces, and Guatemala, Honduras, Belize, 
Nicaragua, and Mexico (Figure 2.3). In this SSA, we include occurrence records (i.e., TCB 
acoustic calls, captures, and hibernacula records) from 38 States, the District of Columbia, and 2 
Canadian Provinces (Figure 3.3). 

4 This number only represents TCB that were observed during internal winter hibernacula surveys submitted to 
NABat for use in this SSA; we acknowledge historical TCB abundance and the number of hibernacula were higher. 
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Figure 3.2. All known hibernacula and winter abundances for TCB in 2000. Point color 
and size corresponds to maximum number of TCB observed at a hibernaculum. 

Figure 3.3. Documented range of TCB (blue dots), as known from available records 
(acoustic calls, captures, and hibernacula records) in the U.S. and Canada (Map credit: 
B. Udell, U.S. Geological Survey, Fort Collins Science Center. Disclaimer: Provisional 
information is subject to revision). This map shows data provided to the SSA for TCB and 
does not replace the species range (Figure. 2.3). 
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CHAPTER 4 – PRIMARY INFLUENCES ON VIABILITY 

Recognizing there are myriad influences operating on TCB, this chapter describes the primary 
threats that have most likely led to its current condition: WNS, wind related mortality, effects 
from climate change, and habitat loss (Figures 4.1 and 4.2). We similarly describe the primary 
past and ongoing conservation efforts that may be ameliorating these threats. Lastly, for WNS 
and wind related mortality, we describe the plausible future condition for each threat. To capture 
the uncertainty in our future projections, we identified the lowest plausible and highest plausible 
state for each primary threat. These lower and upper impact states for each threat were then 
combined to create composite plausible “low impact” and “high impact” scenarios. For climate 
change and habitat loss we provide qualitative assessments. 

Figure 4.1. Visual diagram showing relationships between the primary threats and 
population needs. 

Threats 

Figure 4.2. Highlighting (blue rectangle) the current step in our analytical framework.  
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White-nose Syndrome 

For over a decade, WNS has been the foremost stressor on TCB. WNS is a disease of bats that is 
caused by the fungal pathogen Pd (Blehert et al. 2009, entire; Turner and Reeder 2009, entire; 
Lorch et al, 2011, entire; Coleman and Reichard 2014, entire; Frick et al. 2017, entire; Bernard et 
al. 2020, entire; Hoyt et al. 2021, entire). The disease and pathogen were first discovered in 
eastern New York in 2007 (with photographs showing presence since 2006) (Meteyer et al. 2009, 
p. 411), and since then have spread to 39 states and 7 provinces in North America (Figure 
4.3). Pd invades the skin of bats, initiating a cascade of physiological and behavioral processes 
that often lead to mortality (Warnecke et al, 2013, p. 3; Verant et al. 2014, pp. 3–6). Infection 
leads to increases in the frequency and duration of arousals during hibernation and raises 
energetic costs during torpor bouts, both of which cause premature depletion of critical fat 
reserves needed to survive winter (Turner et al. 2011, p. 15; Reeder et al. 2012, p. 5; Carr et al. 
2014, p. 21; McGuire et al. 2017, p. 682; Cheng et al. 2019, p. 2). Bats that do not succumb to 
starvation in hibernacula often seek riskier roosting locations near entrances to roosts or emerge 
from roosts altogether, where they face exposure to winter conditions and scarce prey resources 
on the landscape (Langwig et al. 2012, p. 2). The weeks following emergence from hibernation 
also mark a critical period because prey availability is still limited, energetic costs of healing 
from WNS are high, and the potential for immune reconstitution inflammatory syndrome that 
can lead directly to mortality or impact reproductive success (Reichard and Kunz 2009, p. 461; 
Francl et al. 2012, pp. 35–36; Meteyer et al. 2012, p. 3; Field et al. 2015, p. 20; Reynolds et al. 
2016, pp. 199–200; Fuller et al. 2020, pp. 7–8). As of May 2021, WNS has been confirmed in 12 
species in North America, including TCB, and numerous other species in Europe and Asia 
(www.whitenosesyndrome.org, accessed online May 13, 2021; Hoyt et al. 2021, Suppl. 
material). 
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Figure 4.3. Occurrence of Pd and WNS in North America based on surveillance efforts in 
the U.S. and Canada: disease confirmed (color-coded), suspected (stripes), Pd 
detected but not confirmed (solid circles), and Pd detected but inconclusive lab results 
(open circles). Pd and WNS occurrence records generally reflect locations of winter 
roosts and are not representative of the summer distribution of affected bats 
(www.whitenosesyndrome.org, accessed online: May 13, 2021). 

The fungal pathogen is spread primarily via bat-bat and bat-environment-bat movement and 
interactions (Lindner et al. 2011, p. 246; Langwig et al. 2012, p. 1055). With the arrival of Pd 
(year 0) to a new location, WNS progresses through “stages” similarly to many emerging 
infectious diseases: pre-invasion, invasion, epidemic, and establishment (Langwig et al. 2015a, 
p. 196; Cheng et al. 2021, p. 5). During invasion (years 0–1), the fungus arrives on a few bats 
and spreads through the colony as a result of swarming and roosting interactions until most 
individuals are exposed to the pathogen. Such interactions may occur in hibernacula or at nearby 
roosts where conspecifics engage in mating activity (Neubaum and Siemers, 2021, p. 2). As the 
amount of Pd on bats and in the environmental reservoir increases, the epidemic (years 2–4) 
proceeds with high occurrence of disease and mortality. By the fifth year after arrival of Pd, the 
pathogen is established (years 5–7), and 8 years after its arrival, Pd is determined to be endemic 
in a population (Langwig et al. 2015a, p. 196; Cheng et al. 2021, p. 5). 

The effect of WNS on TCB has been extreme, such that most summer and winter colonies 
experienced severe declines following the arrival of WNS. Just 4 years after the discovery of 
WNS, for example, Turner et al. (2011, pp. 18–19) estimated that TCB experienced a 75% 
decline in winter counts across 42 sites in Vermont, New York and Pennsylvania. Similarly, 
Frick et al. (2015, p. 5) estimated the arrival of WNS led to a 10–fold decrease in TCB colony 
size. Most recently, Cheng et al. (2021, p. 7) used data from 27 states and 2 provinces to 
conclude WNS caused estimated population declines of 90–100% across 59% of TCB range. 
Although variation exists among sites, the arrival of Pd caused marked decreases in populations 
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during invasion, epidemic, and established stages of the disease (Figure 4.4), and lambda 
estimates less than 1 after the arrival of Pd, with few exceptions (Figure 4.5). 

Figure 4.4. Percent change in TCB winter colony counts by disease stage relative to 
predicted median count prior to arrival of Pd (with 95% credible interval) (Cheng et al. 
2022, Fig. D4). 
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Figure 4.5. Estimated TCB weighted lambda (function of growth rate and colony size) by 
year (left) and by year since arrival of Pd (right) (Cheng et al. 2022, Fig. D3). 

Building off work of Cheng et al. (2022, entire), Wiens et al. (2022, entire used available data 
from hibernacula surveys to estimate the annual impacts of WNS relative to the year of arrival of 
Pd, adding additional analysis of an endemic stage. Their analysis applied two models of Pd 
occurrence to interpolate WNS occurrence to all documented hibernacula. The analysis predicted 
Pd is present at 85–100% of documented TCB hibernacula (see Table A-5.2 for current WNS 
stage by hibernacula). Although variation exists among sites, an overwhelming majority of 
hibernating colonies of TCB have developed WNS and experienced serious impacts within 2–3 
years after the arrival of Pd (Cheng et al. 2021, p. 8; Wiens et al. 2022, pp. 231–247) (Figures 
4.4 and 4.6). 

With respect to road-associated culverts used as hibernacula in the southern U.S., there is 
uncertainty associated with progression of WNS within these TCB winter colonies (Sandel et al. 
2001, p. 174; Katzenmeyer 2016, p. 32; Bernard et al. 2019, p. 5; Lutsch 2019, p. 23; Meierhofer 
et al. 2019, p. 1276). For example, Pd has been detected in several culverts that house 
overwintering TCB in Mississippi. Although Pd was first detected at these sites in 2014, no 
disease, mortality, or population impact has been documented (Cross 2019, entire). A variety of 
environmental and biological factors may contribute to the differences observed in culverts. 
Year-round temperature profiles may affect the environmental reservoir of Pd, thus reducing the 
source of reinfection when bats return to the locations each fall, which would be more likely to 
delay than preclude infection (Hoyt et al. 2020, pp. 7257–7258). However, it is important to 
acknowledge that bats likely encounter multiple subterranean environments during swarming 
activity, during which they can encounter reservoirs of Pd (Neubaum and Siemers, 2021, pp. 3– 
4). Winter length and climate may also affect the behavior and physiology of hibernating bats 
using culverts (e.g., shorter torpor bouts) or offer foraging opportunities that make it possible for 
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them to avoid more serious infections, but these mechanisms have not been tested (Hayman et al. 
2016, p. 5). Regardless, the vast majority of TCB colonies exposed to Pd have developed and are 
expected to continue to develop WNS and experience impacts from the disease (Cheng et al. 
2021, Appendix S3; Wiens et al. 2022, pp. 231–247) (Figure 4.6). 

Caves and cave-like hibernacula in this region do not appear to have the same uncertainty as 
culverts, although winter length and foraging opportunities may be similar to those experienced 
by colonies in culverts. Where Pd has been detected in caves and tunnels in the Southern RPU, 
these colonies have exhibited declines more in line with those documented farther north. Black 
Diamond Tunnel in northern Georgia declined from a high count of over 5,000 TCB in 2013 to 
about 200 TCB 3 years later, after WNS was confirmed there. Carleton Cave in Alabama had a 
max count of 1,794 TCB in 2013 and declined to 54 in 2018. There is also evidence of declines 
that are not associated with known arrival of Pd. For example, in Florida, Smith et al. (2021, p. 
21) found TCB declined 73.9% at caves between 2015 and 2020, even though Pd has not been 
detected. Whether these losses represent bats contracting WNS at swarming sites and dying 
elsewhere is unknown, but current evidence does not support that being the case and 
consequently, the reason behind these declines is currently unknown. It is also plausible that 
changes in these colonies are the result of bats relocating to other hibernacula, many of which 
may not be counted. 

Figure 4.6. Percentage of winter colonies with increasing (blue) and decreasing (red), 
colony trend relative to WNS pre-arrival stage for invasion, epidemic, and established 
stages (Cheng et al. 2021, Appendix S3). 

37 



 

 

    
 

  
 

 
 

   
  

  

  

 
 

 

   
 

 
  

  
 

        

   
     

 
 

  
 

 
 

 
  

 

 
    

 

There are multiple national and international initiatives underway in an attempt to reduce the 
impacts of WNS. To date, there are no proven measures to reduce the severity of impacts. See 
Appendix 4A for more information regarding WNS impacts. 

Wind Related Mortality 

Wind related mortality, overshadowed by the disproportionate impacts to tree bats and by the 
enormity of WNS, is also proving to be a consequential stressor at local and RPU levels. Wind 
power is a rapidly growing portion of North America's energy portfolio in part due to changes in 
State energy goals (NCSL 2021, web) and recent technological advancements (Berkeley Lab 
2020, web) and declining costs (Wiser et al. 2021, entire), allowing turbines to be placed in less 
windy areas. As of 2019, wind power was the largest source of renewable energy in the country, 
providing 7.2% of U.S. energy (American Wind Energy Association (AWEA) 2020, p. 1). 
Modern utility-scale wind power installations (wind facilities) often encompass tens or hundreds 
of turbines, generating hundreds of MW of energy each year. Installed wind capacity in the U.S. 
as of 2020 was 104,628 MW (Hoen et al. 2018, entire; USFWS unpublished data). 

The remarkable potential for bat mortality at wind facilities became known around 2003, when 
post-construction studies at the Buffalo Mountain, Tennessee, and Mountaineer, West Virginia, 
wind projects documented the highest bat mortalities reported at the time5 (31.4 bats/MW and 
31.7 bats/MW, respectively; Kerns and Kerlinger 2004, p. 15; Nicholson et al. 2005, p. 27). Bat 
fatalities continue to be documented at wind power installations across North America and 
Europe. We describe mechanisms leading to bat fatalities in Appendix 4B. 

Bat fatality varies across facilities, between seasons, and among species. Consistently, three 
species–hoary bats (Lasiurus cinereus), silver-haired bats (Lasionycteris noctivagans), and 
eastern red bats (Lasiurus borealis)–comprise the majority of all known bat fatalities at wind 
facilities (e.g., 74–90%). The disproportionate amount of fatalities involving these species has 
resulted in less attention and concern for other non-listed bat species. However, there is notable 
spatial overlap between TCB occurrences and wind facilities (Figure 4.7) and notable TCB 
mortality documented. Based on October 2020 installed MW capacity (Hoen et al. 2018, entire; 
USFWS unpublished data), we estimated 3,227 TCB are killed annually at wind facilities (Table 
4.1; Figure A-2A6; Udell et al. 2022, pp. 265–266). Analyses using data from Wiens et al. (2022, 
pp 236–247) and analyses by Whitby et al. (2022, entire) suggest that the impact of wind related 
mortality is discernible in the ongoing decline of TCB. Based on data from Wiens et al. (2022, 
pp. 236–247) comparing a no wind baseline scenario to current and future wind scenarios, the 
projected abundance decreases 19–21% by 2030 under the current wind scenario and up to 38% 
by 2060 under the future high impact wind scenario (Tables A-3D1 and A-3D2). Whitby et al. 
(2022, pp. 151–153) found a decline in the predicted relative abundance of TCB as wind energy 
risk index increased. To reduce bat fatalities, some facilities “feather” turbine blades (i.e., pitch 
turbine blades parallel with the prevailing wind direction to slow rotation speeds) at low wind 
speeds when bats are more at risk (Hein and Straw 2021, p. 28). The wind speed at which the 
turbine blades begin to generate electricity is known as the "cut-in speed," and this can be set at 
the manufacturer's speed or at a higher threshold, typically referred to as curtailment. The 

5 Higher wind fatality rates have since been reported (e.g., Schirmacher et al. 2018, p. 52; USFWS 2019, pp. 32 and 
69). 
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effectiveness of feathering below various cut-in speeds (i.e., when turbine blades start rotating 
and generating power) differs among sites and years (Arnett et al. 2013, entire; Berthinussen et 
al. 2021, pp. 94–106); nonetheless, most studies have shown all-bat fatality reductions of >50% 
associated with feathering below wind speeds of 4.0–6.5 meters per second (m/s) (Arnett et al. 
2013, entire; USFWS unpublished data). The effectiveness of curtailment at reducing species-
specific fatality rates for TCB, however, has not been documented. Hereafter, we refer to 
feathering below the manufacturer’s cut-in speed or higher wind speeds collectively as 
curtailment. 

Figure 4.7. Estimated total annual TCB mortality at wind facilities in 2020. Mortality is 
shown at U.S. wind turbines as summed by 11x11-km NREL grid cell within the 
migratory range of extant NLEB hibernacula. Note that because MW were summed by 
Province centroid in Canada (and none were within the migratory range of hibernacula), 
the only TCB mortality that was allocated to Canadian hibernacula (Quebec) was that 
occurring at U.S. turbines within the migratory range. See Udell et al. 2022 pp. 265–266 
and Appendix 2 for details on the wind mortality analysis. 
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Table 4.1. Estimated annual TCB mortality from wind facilities by USFWS Region 
(Figure A-2A6) and Canada, based on installed MW capacity in October 2020 (Udell et 
al. 2022, pp. 265–266). 

Location Mean Annual Mortality (n) Lower CI Upper CI 
Region 2 912 301 929 
Region 3 936 302 1,139 
Region 4 159 48 197 
Region 5 1,186 357 1,476 
Region 6 30 12 31 
Quebec 4 1 6 
Total 3,227 1,021 3,778 

There are many ongoing efforts to improve our understanding of bat interactions with wind 
turbines and explore additional strategies for reducing bat mortality at wind facilities. To date, 
operational strategies (e.g., feathering turbine blades when bats are most likely to be active) are 
the only broadly proven and accepted measures to reduce the severity of impacts. See Appendix 
4B for more information. 

Climate Change 

There is growing concern about impacts to bat populations in response to climate change (Jones 
et al. 2009, entire; Jones and Rebelo 2013, entire; O’Shea et al. 2016, p. 9). Jones et al. (2009, p. 
94) identified several climate change factors that may impact bats, including changes in 
hibernation, mortality from extreme drought, cold, or excessive rainfall, cyclones, loss of roosts 
from sea level rise, and impacts from human responses to climate change (e.g., wind turbines). 
Sherwin et al. (2013, entire) reviewed and discussed potential impacts of climate change, 
including effects to bat foraging, roosting, reproduction, and biogeography. Climate change is 
also likely to influence disease dynamics as temperature, humidity, phenology and other factors 
affect the interactions between Pd and hibernating bats (Hayman et al. 2016, p. 5; McClure et al. 
2020, p. 2; Hoyt et al. 2021, p. 8). However, the impact of climate change is unknown for most 
species (Hammerson et al. 2017, p. 150). Climate change may impact these bats in ways that are 
more difficult to measure. This may include phenological mismatch (e.g., timing of various 
insect hatches not aligning with key life history periods of spring emergence, pregnancy, 
lactation, or fall swarming). In addition, there may be shifts in distribution of forest communities, 
invasive plants, invasive forest pest species, or insect prey. Long-term increases in global 
temperatures are correlated with shifts in butterfly ranges (Parmesan et al. 1999, entire; Wilson et 
al. 2007, p. 1880; Breed et al. 2013, p. 142) and similar responses are anticipated in moths and 
other insect prey. Milder winters may result in range expansions of insects or pathogens with a 
distribution currently limited by cold temperatures (e.g., hemlock woolly adelgid (Adelges 
tsugae), southern pine beetle (Dendroctonus frontalis)) (Haavik 2019). 

While there are a number of changing climatic variables, our analysis focused solely on changes 
in temperature and precipitation. These variables influence TCB’s resource needs, such as 
suitable roosting habitat (all seasons), foraging habitat, and prey availability (Figure 4.1). Global 
average temperature has increased by 1.7 degrees F (0.9 degrees C) between 1901 and 2016 
(Hayhoe et al. 2018, p. 76). Over the contiguous U.S., average annual temperature has increased 
by 1.2 degrees F (0.7 degrees C) for the period of 1986–2016 relative to 1901–1960 (Hayhoe et 
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al. 2018, p. 86). Temperatures increased during that time at a regional scale as well, with the 
largest changes (average increases of more than 1.5 degrees F (0.8 degrees C) in Alaska, the 
Northwest, the Southwest and the Northern Great Plains and the least change in the Southeast 
(increase of 0.46 degrees F (0.26 degrees C) (Vose et al. 2017, pp. 186–187; Hayhoe et al. 2018, 
p. 86). Average annual precipitation has increased by 4% since 1901 across the entire U.S. with 
increases over the Northeast, Midwest and Great Plains and decreases over parts of the West, 
Southwest and Southeast (Hayhoe et al. 2018, p. 88). The frequency and intensity of heavy 
precipitation events across the U.S. have increased more than the increases in average 
precipitation (Hayhoe et al. 2018, p. 88). 

TCB risk of exposure to changes in the climate is rangewide. However, the magnitude, direction, 
and seasonality of climate variable changes is not consistent rangewide. In addition, the 
resiliency of populations and inherent differences (e.g., genetics) among populations may result 
in differing ability for TCB to respond to the same types of changes across the range. Therefore, 
the overall impact of climate change for such a wide-ranging species is challenging to describe. 
Although there may be some benefit to TCB from a changing climate, overall negative impacts 
are anticipated. Although we lack species-specific observations for TCB, observed impacts to 
date for other insectivorous bats, such as little brown bat, include reduced reproduction due to 
drought conditions leading to decreased availability of drinking water (Adams 2010, pp. 2440– 
2442) and reduced adult survival during dry years (drought) (Frick et al. 2010, pp. 131–133). 
While sufficient moisture is important, too much precipitation during the spring can also result in 
negative consequences to insectivorous bats. During the anticipated heavier precipitation events 
there may be decreased insect availability and reduced echolocation ability (Geipel et al. 2019, p. 
4) resulting in decreased foraging success. Precipitation also wets bat fur, reducing its insulating 
value (Webb and King 1984, p. 190; Burles et al. 2009, p. 132) and increasing a bat’s metabolic 
rate (Voigt et al. 2011, pp. 794–795), which may be especially important for bats like TCB that 
roost in foliage rather than inside more protected shelters. Bats are likely to reduce their foraging 
bouts during heavy rain events and reduced reproduction of insectivorous bats has been observed 
during cooler, wetter springs (Grindal et al. 1992, pp. 342–343; Burles et al. 2009, p. 136). 
Responses will vary throughout TCB’s range based on the extent of annual temperature rise in 
the future. For additional information on climate change see Appendix 4C. 

Habitat Loss 

Roosting/Foraging/Commuting Habitat Loss 

As discussed in Chapter 2, TCB require suitable habitat for roosting and foraging, and 
commuting between those habitats during spring, summer, and fall. Forest is a primary 
component of roosting, foraging, and commuting habitat. Wetlands and water features are 
important foraging and drinking water sources. Loss of these habitats influences survival and 
reproduction of TCB colonies. 

We reviewed changes in various NLCD landcover classes within each RPU from 2006–2016 in 
the continental U.S. Deciduous forest landcover decreased across all RPUs by 768,903 ha 
(1,900,000 ac) for an average loss of 76,890 ha (190,000 ac) per year. Other cover types that 
provide foraging opportunities such as emergent wetland cover types decreased across all RPUs 
by 687,966 ha (1,700,000 ac). See Appendix 4D for additional information. 
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These changes in landcover may be associated with losses in suitable roosting or foraging 
habitat, longer flights between suitable roosting and foraging habitats due to habitat 
fragmentation, fragmentation of maternity colonies, and direct injury or mortality. While 
temporary or permanent habitat loss may occur throughout the species’ range, impacts to TCB 
and its habitat typically occur at a more local-scale (i.e., individuals and potentially colonies). 
Impacts to TCB from loss of habitat vary depending on the timing, location, and extent of the 
removal. Impacts from forest habitat removal may range from minor (e.g., removal of a small 
portion of foraging habitat in largely forested landscapes with robust TCB populations) to 
significant (e.g., removal of roosting habitat in highly fragmented landscapes with small, 
disconnected populations). Adverse impacts are more likely in areas with little forest or highly 
fragmented forests (e.g., western U.S. and central Midwestern states), as there is a higher 
probability of removing roosts or causing loss of connectivity between roosting and foraging 
habitat. There are a variety of conservation measures that can either serve to reduce effects from 
habitat loss or help maintain or enhance habitat. See Appendix 4D for examples. 

Winter Roost Loss and Disturbance 

As discussed in Chapter 2, TCB require hibernation sites with specific microclimates and TCB 
exhibit high interannual fidelity to their hibernacula. Therefore, the complete loss of or 
modification of winter roosts (such that the site is no longer suitable) can result in impacts to 
individuals or at the population level. In addition, disturbance within hibernacula can render a 
site unsuitable or can pose harm to individuals using the site. 

Modifications to bat hibernacula (e.g., erecting physical barriers to control cave and mine access, 
intentional or accidental filling or sealing of entries, or creation of new openings) can alter a 
bat’s ability to access hibernacula (Spanjer and Fenton 2005, p. 1110) or can affect the airflow 
and alter microclimate of the subterranean habitat, and thus the ability of the cave or mine to 
support hibernating bats, such as TCB. These well-documented effects on cave-hibernating bat 
species were discussed in the USFWS’s Indiana Bat Draft Recovery Plan (USFWS 2007, pp. 
71–74). In addition to altering the thermal or humidity regime and ability of the site to support 
hibernating bats, bats present during any excavation or filling can be crushed or suffocated. 
Sources of these stressors include fill from adjacent activities, mining, and intentional closures of 
abandoned mines or cave openings to restrict access. 

Human entry or other disturbance to hibernating bats results in additional arousals from 
hibernation which require an increase in total energy expenditure at a time when food and water 
resources are scarce or unavailable. This is even more important for hibernacula where a species 
is impacted by WNS because more frequent arousals from torpor increases the probability of 
mortality in bats with limited fat stores (Boyles and Willis 2010, p. 96). 

There are many conservation efforts and protections (e.g., bat-friendly gates, closure of caves to 
exclude humans during hibernation, conservation easements) in place that attempt to reduce the 
risk of modifications to hibernacula and disturbance to overwintering bats. See Appendix 4D for 
more information. 
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Conservation Efforts 

Conservation efforts associated with reducing the effects of WNS, wind related mortality, and 
habitat loss are mentioned above and discussed further within associated appendices. In addition 
to those efforts, below we highlight the regulatory protections afforded to TCB in parts of its 
range. 

Federal, State, Provincial Protection 

TCB was listed as endangered on Schedule 1 of Canada’s Species at Risk Act in 2014. This 
provided the TCB protection from being killed, harmed, harassed, captured, or taken in Canada. 
Environment and Climate Change Canada finalized a recovery strategy for the little brown bat, 
northern long-eared bat, and TCB in 2018 (Environment and Climate Change Canada 2018, 
entire). 

In addition, TCB receives varying degrees of protection through State laws as it is State-listed 
endangered in Connecticut, Indiana, Massachusetts, New Hampshire, Ohio, Pennsylvania, 
Vermont, and Virginia; State-threatened in Tennessee and Wisconsin; and special concern in 
Alabama, Georgia, Iowa, Maine, Michigan, Minnesota, Missouri, South Carolina, and West 
Virginia. 

Synopsis of Current Threats 

To provide a comparative and semi-qualitative assessment of the primary influences, we 
summarize the scope, severity, and impact of each of the four influences using criteria defined by 
Master et al. (2012, pp. 28–35; Table 4.2). Currently, WNS is the greatest threat to TCB (High 
Impact), with extreme population level declines (90–100%) over a large (59%) portion of its 
range (Cheng et al. 2021, p. 7). Wind energy related mortality has the next highest level of 
impact (Medium Impact), with moderate (19–21%, see Table A-3D1) population-level declines 
over a large (53%) portion of its range. Both habitat loss and climate change are pervasive across 
TCB’s range, while severity of population level declines are considered slight; therefore, we 
assigned Low Impact level for both habitat loss and climate change given current state 
conditions. While confidence in impact to TCB from WNS and wind were “high” due to 
availability of quantitative data, our confidence in our impact analysis of habitat loss and climate 
change are “low” to “moderate” due to limited data. See Appendix 3D for additional details. 

Table 4.2 Assessment of current impact to TCB from primary threats (adapted from 
Master et al. 2012). See Chapter 1 for definitions of the criteria (Figure 1.2). 

Criteria WNS Wind Mortality Habitat Loss Climate Change 
Scope Large Large Pervasive Pervasive 
Severity Extreme Moderate Slight Slight 
Impact High Medium Low Low 
Confidence Level High High Moderate Low 
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to pre-WNS survival rates for the remainder of the simulation (i.e., no WNS impacts applied 
after 15 years since Pd arrival). Return to pre-WNS growth rates at YOA 15 is the earliest year 
we can reasonably assume (given data show impacts continue occurring 14 years since the first 
detection in New York). For the high impact scenario, we used Pd occurrence model 2 for 
predicted YOA and assumed that WNS impacts continue through 2060 (i.e., after YOA 0 to 6, 
survival rates remain in the endemic phase). 

Wind Related Mortality 

To project future installed wind capacity, we relied upon National Renewable Energy 
Laboratory's (NREL; Cole et al. 2020) and Canadian Energy Regulator’s (CER) (CER 2020) 
projections for the U.S. and Canada, respectively (Figure 4.9). Our low impact scenario (i.e., 
lower wind build-out) was based on NREL’s High Wind Cost scenario and CER’s Reference 
Scenario (Figure 4.10). Our high impact scenario (i.e., higher wind build-out) was based on 
NREL’s Low Wind Cost scenario and CER’s Evolving Scenario (Figure 4.11). For both 
scenarios, we calculated TCB fatalities per MW using the species composition approach (see 
Chapter 1 methods and Appendix 2A for additional detail). We applied the reduced species 
composition rate observed after Pd arrival. The annual mortality associated with the future low 
and high impact scenarios by Year 2050 is provided in Table 4.4. 

We selected NREL’s scenarios per consultation with the USDOE’s Wind Energy Technology 
Office (Gilman 2020, pers. comm.). The NREL scenarios model future deployment levels based 
on projected trends in electricity demand, technology cost trajectories, and existing Federal and 
state energy policies Cole et al. 2020, p. iii; see Appendix 5 for details). NREL’s 2020 (Cole et 
al. 2020, entire) report presents 45 power sector scenarios that consider present day through 
2050. We chose the High Wind Cost and Low Wind Cost scenarios as reasonable lower and 
upper bounds of future wind build-out, respectively. NREL agreed that use of the High Wind 
Cost and Low Wind Cost scenarios provides a reasonable range of future wind build-out (Cole 
2020, pers. comm.). 

CER’s Canada’s Energy Future report is published annually and provides up-to-date projections 
for wind build-out in Canada. CER uses economic and energy models to project future scenarios 
“based on assumptions about trends in technology, energy and climate policies, energy markets, 
human behavior and the structure of the economy” (CER 2019, p. 1). Annual wind build-out 
projections are produced at the province/territory level and data are continually refined based on 
current trends. We chose the Reference Scenario as our lower-impact scenario (i.e., lower wind 
build-out) and the Evolving Scenario as our higher-impact scenario (i.e., higher wind build out; 
see Appendix 5 for details). 
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Figure 4.9. Wind build-out as of October 2020 for the U.S. and Canada (Udell et al. 
2022, entire). U.S. capacity is summed by 11x11-km NREL grid cell and Canadian 
capacity by Province. 
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Figure 4.10. Projected wind build-out for the year 2050 per low build-out scenarios for 
the U.S. and Canada (NREL 2020; CER 2020; Udell et al. 2022, entire). U.S. future 
capacity is summed by 11x11-km grid cell and Canadian future capacity by Province. 
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Figure 4.11. Projected wind build-out for the year 2050 per high build-out scenarios for 
the U.S. and Canada (NREL 2020; CER 2020; Udell et al. 2022, entire). U.S. future 
capacity is summed by 11x11-km NREL grid cell and Canadian future capacity by 
Province. 

Table 4.4. Predicted mean annual TCB mortality6 (25th-75th percentile) by USFWS 
Region and Canada, based on projected 2050 installed wind capacity under low and high 
build-out scenarios (Udell et al. 2022, entire). 
Location Low Build-out Mortality High Build-out Mortality 
Region 2 861 (284–877) 2,183 (720–2,233) 
Region 3 458 (148–555) 9,546 (2,985–11,743) 
Region 4 218 (66–269) 19,590 (5,924–24,332) 
Region 5 1,681 (507–2,092) 25,699 (7,750–31,983) 
Region 6 90 (37–93) 153 (62–158) 
Quebec 4 (1–5) 20 (6–25) 
Total 3,312 (1,043–3,891) 57,191 (17,447–70,474) 

6 Mortality levels are based on pre and post Pd arrival % species composition estimates (see Appendix 2). It is likely 
that % composition will decline as the species declines over time. To capture insights on the sensitivity of the results 
to wind energy mortality, we ran scenarios with zero and 50% reduction in wind energy mortality (see Appendix 
1B). 
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Climate Change 

Over the next few decades, average annual temperature over the contiguous U.S. is projected to 
increase by about 2.2 degrees F (1.2 degrees C) relative to 1985–2015, regardless of any 
currently used representative concentration pathway (RCP-2.6 to RCP-8.5) (Hayhoe et al. 2018, 
p. 86). Larger increases are projected by late century of 2.3–6.7 degrees F (1.3–3.7 degrees C) 
under RCP4.5 and 5.4–11.0 degrees F (3.0–6.1 degrees C) and 5.4–11.0 degrees F (3.0–6.1 
degrees C) under RCP8.5, relative to 1986–2015 (Hayhoe et al. 2018, p. 86). 

For the period of 2070–2099 relative to 1986–2015, precipitation increases of up to 20% are 
projected in winter and spring for northcentral U.S., with decreases by 20% or more in the 
Southwest in spring (Hayhoe et al. 2018, p. 88). The frequency and intensity of heavy 
precipitation events are expected to continue to increase across the U.S., with the largest 
increases in the Northeast and Midwest (Hayhoe et al. 2018, p. 88). Projections show large 
declines in snowpack in the western U.S. and shifts of snow to rain in many parts of the central 
and eastern U.S. (Hayhoe et al. 2018, p. 91). 

TCB’s responses to these changes are expected to be similar to what has already been observed 
in North American insectivorous bats, such as little brown bat (see above and Appendix 4C). 
This includes reduced reproduction due to drought conditions leading to declines in available 
drinking water (Adams 2010, pp. 2440–2442) and reduced adult survival during dry years in the 
Northeast (Frick et al. 2010, pp. 131–133) or reduced reproduction during cooler, wetter spring 
in the Northwest (Grindal et al. 1992, pp. 342–343; Burles et al. 2009, p. 136). Magnitudes of 
responses will vary depending throughout the ranges of the species’ and on how much the annual 
temperature actually rises in the future. 

Habitat Loss 

The 2010 Resources Planning Act (RPA) Assessment (USFS 2012, entire) and 2016 RPA 
Update (USFS 2016, entire) summarized findings related to the status, trends, and projected 
future of U.S. forests and rangeland resources. This assessment was influenced by a set of future 
scenarios with varying assumptions regarding global and U.S. population, economic growth, 
climate change, wood energy consumption, and land use change from 2010–2060 (USFS 2012, 
p. xiii). The 2010 Assessment projected (2010–2060) forest losses of 6.5–13.8 million ha (16–34 
million ac or 4–8% of 2007 forest area) across the conterminous U.S., and forest loss is expected 
to be concentrated in the southern U.S., with losses of 3.6–8.5 million ha (9–21 million ac) 
(USFS 2012, p. 12). The 2010 Assessment projected limited climate effects to forest lands 
spread throughout the U.S. during the projection period, but effects were more noticeable in the 
western U.S. The projections were dominated by conversions of forested areas to urban and 
developed land cover (USFS 2012, p. 59). The 2016 Update incorporated several scenarios 
including increasing forest lands through 2022 and then leveling off or declines of forest lands 
(USFS 2016, p. 8-7). In addition, TCB is not uniformly distributed across the landscape. While 
past and projected forest loss and forest regeneration rates can provide a coarse assessment of 
long-term trends, they are not particularly meaningful for determining the magnitude of impact 
unless overlaid where the species actually occurs. In addition, forest lands also may remain in 
that classification (i.e., not converted to other land cover types) while roosts are annually 
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harvested. Loss of essential population needs of roosts and foraging and commuting habitat 
within TCB’s home range where they remain is the issue. Furthermore, loss of summer roosting 
and foraging habitat and/or winter hibernacula compounds the impacts from WNS (see Appendix 
4D). 

Synopsis of Future Threats 

Using the available data and information summarized above and in Chapters 5 and 6, for each of 
the primary influences, we assigned the scope, severity, and impact to TCB given the projected 
future state conditions (Table 4.5). WNS is predicted to continue to be the primary influence 
(Very High Impact), reaching 100% of TCB’s range in the U.S. by 2025 (Wiens et al. 2022, pp. 
226–229) and causing extreme population declines. Regardless of future low or high-build out, 
wind energy related mortality maintains the next highest level of impact (Medium Impact to High 
Impact) due to its large to pervasive scope (impacting 37–74% of TCB’s range) and causing 
moderate to serious population declines up to 38% by 2060 (Table A-3D2). Both habitat loss and 
climate change are forecasted to remain pervasive across the species’ range, while the severity of 
population level declines are predicted to increase from current state conditions. Given TCB’s 
spatial extent is projected to decline in the future (i.e., consolidation into fewer hibernacula and 
fewer summer colonies), the severity of habitat loss at occupied sites will vary between slight 
(e.g., limited tree removal within summer habitat) to extreme (e.g., loss of a hibernaculum or 
maternity colony). Therefore, impacts from habitat loss in the future may vary between Low 
Impact and Very High Impact. Lastly, increasing incidence of climatic extremes (e.g., drought, 
excessive summer precipitation) will likely increase in the future leading to increased negative 
effects to TCB (e.g., increased mortality, reduced reproductive success); therefore, our impact 
analysis predicts Medium Impact from climate change under future state conditions. While 
confidence in the level of impact to TCB from WNS and wind were “high” due to availability of 
quantitative data, our confidence in our impact analysis of habitat loss and climate change 
remain “low” to “moderate” due to limited data. See Appendix 3D for additional details. 

Table 4.5 Assessment of future impact from primary threats (adapted from Master et al. 
2012 and Cheng et al. 2021, p. 5). See criteria definitions in Chapter 1 (Figure 1.2). 

Criteria WNS Wind Mortality Habitat Loss Climate Change 
Scope Pervasive Large-Pervasive Pervasive Pervasive 
Severity Extreme Moderate-Serious Slight-Extreme Moderate 
Impact Very High Medium 

to High 
Low to 

Very High 
Medium 

Confidence Level High High Moderate Low 
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19%, 16%, and 12%, in the Eastern RPU, Northern RPU, and Southern RPU, respectively (Table 
A-3B4). 

Future projections based on current conditions - Collectively, these data indicate TCB has 
declined and given the declining trajectories, will continue to decline. Future projections from 
the BatTool, assuming no further WNS spread nor increases in wind capacity (current stressor 
conditions), show continued declines in rangewide abundance, number of hibernacula, and 
spatial extent in the future.  

• By 2030 (~ 1 bat generation), rangewide abundance declines by 89% (CI 81–94%) 
(Figure 5.2; Table A-3B1). 

• The number of winter colonies (i.e., occupied hibernacula) declines by 91%, with only 
171 of 1,951 historical hibernacula occupied by 2030 (Figure 5.5) and only 49 extant 
hibernacula by 2040 (Table A-3B1). 

• The colony size also declines, with the number of large hibernacula (≥100 bats) declining 
from 127 to 21 (83% decline) between 2020 and 2030 (Figure 5.3). 

• Subsequent to declines in the number of hibernacula, TCB’s range declines by 65% and 
winter occurrence becomes more concentrated (Table A-3B1), with 53 hibernacula 
containing 90% of individuals by 2030. 

The projected declines are widespread across RPUs. Abundance declines in all RPUs through 
2040, though afterward, there is a modest increase in TCB abundance projected in the Northern 
and Southern RPUs (Figure 5.4). Despite these projected increases in abundance, however, 
TCB’s spatial extent and number of extant hibernacula will continue to decrease across all RPUs 
under the current scenario (Table A-3B1, Table A-3B2).   

• In the Eastern RPU, abundance and the number of extant hibernacula decline by 99% by 
year 2030. Of the 211 historical sites, TCB will persist in only 3 hibernacula (Table A-
3B2) and there is 0 probability that >500 bats will persist (Figure 5.6). 

• In the Northern RPU, abundance declines by 94% and the number of extant hibernacula 
by 91% by year 2030. Of the 1,124 historical sites, TCB will persist in only 97 
hibernacula (Table A-3B2) and only 7 will be large (≥100 individuals) (Figure 5.3). 

• In the Southern RPU, abundance declines by 66% and the number of extant hibernacula 
by 88% by year 2030. Of the 616 historical sites, TCB will persist in 71 hibernacula 
(Table A-3B2) and only 14 will be large (≥100 individuals) (Figure 5.3). 
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Figure 5.2. Median projected rangewide abundance (black line) and 90% CI (gray 
shading) given CURRENT state conditions (current abundance, growth rate, WNS 
occurrence, and installed wind energy capacity). Abundance from 1990–2020 derived 
from winter colony count data (black dots) using a) constant interpolation (yellow dots), 
b) status and trend model informed by Pd occurrence model 1 (blue line) and c) status 
and trend model informed by Pd occurrence model 2 (pink line). 
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Figure 5.4. Median projected RPU abundance (black line) and 90% CI (gray) under 
CURRENT state conditions (current abundance, growth rate, WNS occurrence, and 
installed wind energy capacity for the three RPUs. Abundance from 1990–2020 derived 
from winter colony count data using a) constant interpolation (red line), b) status and 
trend model informed by Pd occurrence model 1 (green line) and c) status and trend 
model informed by Pd occurrence model 2 (blue line). 
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Figure 5.5. TCB extant hibernacula in 2000 (left) and projected 2030 (right) given CURRENT state conditions. Point color 
and size corresponds to maximum number of TCB observed at a hibernaculum. 
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Figure 5.6. Probability of RPU-abundance remaining above X individuals given 
CURRENT state conditions, x= 2 bats (red), x=500 bats (blue), and b) x=1000 bats 
(green). 
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Figure 5.7. Predicted percent decline in probability of occupancy (top) and probability of 
TCB summer occupancy in 2010 (bottom left) and 2019 (bottom right) based on data 
collected from stationary and mobile transect acoustic monitoring and capture records 
summarized at the 10km x 10km NABat grid cell (Stratton and Irvine 2022, entire). 
Dotted boundaries correspond to representation units. Cooler colors represent lower 
percent declines (top panel) or higher probability of occupancy (bottom panels). 
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CHAPTER 6—FUTURE CONDITION 

Future viability is the ability of TCB to sustain healthy populations into the future given its 
current demographic condition and future condition of the influences (Figure 6.1). To assess 
TCB future viability, we again used the BatTool to project hibernaculum abundance over time 
given projected Pd occurrence and wind energy build-out (see Chapter 4, Future Scenarios, for 
further description). Projection of future number, distribution, and health of populations is 
needed to understand TCB’s future ability to withstand normal stochasticity, stressors, 
catastrophic events, and novel environmental changes (i.e., its viability under future influences). 
In this chapter, we describe the projected number, health, and distribution of TCB given 
FUTURE state conditions (i.e., future Pd occurrence and future installed wind energy capacity) 
and describe the viability implications under future influences in Chapter 7. 

Figure 6.1. Highlighting (blue rectangles) the current step in our analytical framework. 

Under the future scenarios, TCB declines worsen precipitously.  
• Median rangewide abundance declines 93% (CI 91–94%) by 2030 and 95% by 2040 

(Figure 6.2). Under the future scenarios, the decline trajectory halts after year 2040 and 
slowly grows (Table A-3C1).   

• The number of extant hibernacula decline 94% by 2030 and decline 100% (CI 89–100%) 
by 2060, whereby, only 9 (CI 2–214) hibernacula remain (Figure 6.3, Table A-3C1). 

• The colony size also declines, with the number of large hibernacula (≥100 bats) 
declining from 127 to 11 (91% decline) between 2020 and 2030 (Figure 6.4). 

• Subsequent to declines in the number of hibernacula, TCB’s range declines by 70% and 
winter occurrence becomes more concentrated (Table A-3C1), with 42 hibernacula 
containing 90% of individuals by 2030.  

Similar to projections under current conditions, declines under the future scenarios are 
widespread across RPUs (Figure 6.5, Table A-3C2).  

• In the Eastern RPU, median abundance and number of extant hibernacula both decline by 
99% by year 2030. Of the 211 historical sites, TCB will persist in only 2 hibernacula 
(Table A-3C2) and there is 0 probability that >500 bats will persist (Figure 6.6). 

• In the Northern RPU, median abundance and number of extant hibernacula decline by 
95% and 93%, respectively, by year 2030. Of the remaining 81 extant hibernacula (out of 
1,124 historical sites), only 7 will be large (≥100 individuals) by year 2030 (Figure 6.4).  
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• In the Southern RPU, median abundance and number of extant hibernacula decline by 
84% and 93%, respectively, by year 2030. Of the remaining 41 extant hibernacula (out of 
616 historical sites), only 14 will be large (≥100 individuals) by 2030 (Figure 6.4). 

Figure 6.2. Projected median rangewide abundance (black line) and 90% CI (gray 
shading) under FUTURE state conditions. Abundance from 1990–2020 derived from raw 
data (black dots) using a) constant interpolation (yellow dots), b) status and trend model 
informed by Pd occurrence model 1 (blue line) and c) status and trend model informed by 
Pd occurrence model 2 (pink line). 
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Figure 6.3. TCB extant hibernacula in 2000 (left) and projected 2030 (upper right) and 2060 (bottom right) given FUTURE 
state conditions. Point color and size corresponds to maximum number of TCB observed at a hibernaculum. 
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Figure 6.4. The number of hibernacula in each colony abundance category under 
FUTURE state conditions. 
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Figure 6.5. Projected median (black line) and 90% CI (gray shading) for RPU 
abundance under FUTURE state conditions for the three RPUs. Abundance from 1990– 
2020 derived from raw data using a) constant interpolation (red line), b) status and trend 
model informed by Pd occurrence model 1 (green line) and c) status and trend model 
informed by Pd occurrence model 2 (blue line). 
. 
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Figure 6.6. Probability of RPU-abundance remaining above X individuals given 
FUTURE state conditions, x= 2 bats (red), x=500 bats (blue), and b) x=1000 bats 
(green). 

Habitat Loss and Climate Change 

As discussed previously, we did not incorporate habitat loss and the effects of climate change 
into our quantitative modeling efforts (i.e., not included in the projections depicted in Figures 
6.2–6.5). Ongoing effects from habitat loss and climate change likely continue into the future 
and may even be exacerbated based on reduced abundance and distribution anticipated under our 
current and future scenarios. See Table 4.5 for a description of the scope, severity, and impact of 
future habitat loss and climate change impacts. Additionally, future impacts from habitat loss and 
climate change are discussed more thoroughly in the Appendix 4. 
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CHAPTER 7—SPECIES VIABILITY 

This chapter synthesizes the results from our historical, current, and future analyses and 
discusses the consequences for TCB viability (Figure 7.1). TCB viability is influenced by 
the number, health, and distribution of populations. Across the range and within all RPUs, TCB 
abundance and distribution has decreased. Multiple data types and analyses indicate downward 
trends in TCB population abundance and distribution (Table 7.1), and we found little evidence to 
suggest that this downward trend will change in the future (Figure 7.2). Like all species status 
assessments we do not have perfect information on TCB’s occurrence, but the best available data 
suggest that bats at unknown hibernacula will undergo similar declines observed at known winter 
colonies. We outline the key uncertainties in our analyses and our resolution of them in 
Appendix 1.   

Figure 7.1. Highlighting (blue rectangle) the current step in our analytical framework.  

Table 7.1. Summary of recent TCB population trends from multiple data types and 
analyses. Winter Colony analysis – derived from Wiens et al. (2022, entire) data; 
Summer Occupancy analysis – Stratton and Irvine (2022, entire); Summer Capture 
analysis – Deeley and Ford (2022, entire); and Summer Mobile Acoustic analysis – 
Whitby et al. (2022, entire). 

Scale Winter Colony 
Summer 

Occupancy 
Summer 
Capture 

Summer Mobile 
Acoustic 

Eastern -89% -17% -19% -38% 
Northern -57% -17% -16% -86% 
Southern -24% -37% -12% -65% 
Rangewide -52% -28% -12% to -19% -53% 
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Figure 7.2. The projected TCB abundance over time given current (blue) Pd occurrence 
and installed wind capacity and plausible future scenarios (pink) for Pd occurrence and 
increased installed wind energy capacity. The solid, black lines represent the median 
abundance under current and future scenarios, respectively. Historical abundance from 
1990–2020 derived from a) constant interpolation (red line), b) status and trend model 
informed by Pd occurrence model 1 (green line) and c) status and trend model informed 
by Pd occurrence model 2 (blue line). 

The viability of a species depends upon its ability to sustain populations in the face of normal 
environmental and demographic stochasticity, catastrophes, and novel changes in its 
environment. For example, demographically and physically healthy populations better withstand 
and recover from environmental variability and disturbances. Additionally, populations spread 
across heterogeneous conditions are unlikely to be exposed at the same time to poor 
environmental conditions, thereby guarding against synchronous population losses. Similarly, 
species with genetically healthy populations (large Ne, which begets genetic diversity) spread 
across the breadth of genetic and phenotypic diversity preserve a species’ adaptive capacity, 
which is essential for adapting to their continuously changing environment (Nicotra et al. 2015, 
p. 1269). Without such variation, species are less responsive to change and more prone to 
extinction (Spielman et al. 2004, p. 15263). Lastly, having multiple healthy populations widely 
distributed guards against losses of adaptive diversity and RPU-level extirpation in the face of 
catastrophic events. 

We quantitatively assessed TCB’s current viability by projecting the species’ abundance and 
distribution given current WNS occurrence (no further spread) and current installed wind energy 
capacity, and future viability given future plausible scenarios of further WNS spread and 
increased wind energy capacity. We also qualitatively considered impacts from climate change, 
habitat loss, and conservation efforts. All existing data and our qualitative and quantitative 
analyses suggest that TCB viability has and will continue to steeply decline over time under the 
current and plausible future conditions. 
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WNS is the primary driver (or influence) that has led to the species’ current condition and is 
predicted to continue to be the primary influence into the future (Table 7.2). Currently, WNS 
occurs across 59% of TCB’s range (Cheng et al. 2021, p. 7) and is estimated to be impacting 85– 
100% of hibernacula (Wiens et al. 2022, pp. 231–247). In addition, WNS is predicted to reach 
100% of the species’ range in the U.S. by 2025 (Wiens et al. 2022, pp. 226–229; Figure A-2B4). 
Prior to WNS, TCB was abundant and widespread, and abundance and occupancy were 
generally stable (Cheng et al. 2022, p. 205). WNS impacts have resulted in most winter colonies 
experiencing a 90–100% decline in abundance compared to historical conditions (Cheng et al. 
2021, p. 7). 

Wind energy related mortality is proving to be a pervasive and consequential driver to TCB’s 
viability (Table 7.2). Based on 2020 wind build-out, an estimated 1,021 to 3,778 (mean = 3,327) 
TCB are killed annually at wind facilities and annual mortality is projected to increase to 3,312 
to 57,191 individuals by 2050 under the future low and high build-out scenarios, respectively 
(Figures 4.10 and 4.11). Wind related mortality is discernible, even with ongoing declines from 
WNS (Figure A-1B2; see also Whitby et al. 2022, pp. 151–153). TCB abundance is projected to 
decline between 19–21% by 2030 and up to 35% by 2060 from current wind related mortality 
alone and up to 38% under the future scenarios (Tables A-3D1 and A-3D2). Consequently, 
mortality from wind turbines will continue to cause detectable declines in TCB abundance. 

Although we consider habitat loss pervasive across TCB’s range, impacts to TCB and its habitat 
are often realized at the individual or colony level. Loss of hibernation sites (or modifications 
such that the site is no longer suitable) can result in impacts to winter colonies. Impacts from 
forest loss (e.g., roosting or foraging habitat) vary depending on the timing, location, and extent 
of the removal. Given how common and wide-ranging TCB was prior to the arrival of WNS, we 
assume the rangewide magnitude of impact from habitat loss was low. However, as TCB’s 
spatial extent is projected to decline in the future (i.e., consolidation into fewer hibernacula and 
fewer summer colonies) and remaining populations are anticipated to be less resilient, habitat 
loss at occupied sites will vary from slight (e.g., limited tree removal within summer habitat) to 
extreme (e.g., loss of a hibernaculum or maternity colony). Therefore, impacts from habitat loss 
in the future may vary between low to very high (Table 7.2).  

Climate change impacts are challenging to describe for wide-ranging species, such as TCB. The 
changing climate has had and will likely continue to have a multitude of impacts on species 
throughout North America (Foden et al. 2018, p. 9). Despite being pervasive, however, we 
believe the rangewide magnitude of impact is currently low (Table 7.2). In addition, there are 
questions about whether some negative effects are currently offset by other positive effects, 
whether population losses in one part of a species' range will be offset by gains in other regions, 
and the degree to which bats can adapt by adjusting their ecological and phenological 
characteristics (Hammerson et al. 2017, p. 150). Although there may be some offsetting of 
effects under current climate conditions, increasing negative impacts are anticipated in the future 
(Table 7.2). Increasing incidence of climatic extremes (e.g., drought, excessive summer 
precipitation) will likely increase, leading to increased TCB mortality and reduced reproductive 
success. As mentioned above, as TCB’s spatial extent is projected to decline in the future (i.e., 
consolidation into fewer hibernacula and fewer summer colonies) and populations are anticipated 
to be less resilient, effects from climate change may be more impactful. 
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Table 7.2. Threat (impact) level for the primary influences currently and projected future 
low and high impact scenarios. 

WNS Wind Mortality Habitat Loss Climate Change 
Current High Medium Low  Low 
Low Impact Very High Medium Low Medium 
High Impact Very High High Very High Medium 

While we focused our analyses on ongoing and anticipated effects from WNS, wind, climate 
change and habitat loss, we also recognize that novel threats (e.g., new disease or invasive 
species) may emerge for TCB. TCB’s mobility and roost-shifting behaviors provide mechanisms 
for individual bats to respond to changes in temperature, prey availability and roost suitability. 
However, as discussed in Chapter 2 and Appendix 2B, temperate zone insectivorous bats 
including TCB have several inherent traits that limit their ability to respond to changes in the 
environment, especially to rapid changes. These include their high site fidelity (winter and 
summer), concentration of individuals in both winter and summer, and specialized winter habitat 
requirements and summer roost needs. We have already observed the extremely limited ability 
for TCB to respond to the novel threat WNS. Most exposed to WNS have died and many 
individual bats that survive a year of exposure continue to return to infected hibernacula. 

Viability under Current Conditions 

Under current conditions, TCB abundance, number of occupied hibernacula, spatial extent, 
probability of persistence, summer habitat occupancy (measured by bat captures and acoustic 
recordings) across the range and within all RPUs are decreasing (Chapter 5 and Table 7.1). Since 
the arrival of WNS, TCB abundance steeply declined, with most (93%) winter colonies having 
fewer than 100 individuals. At these low population sizes, colonies are vulnerable to extirpation 
from stochastic events. Furthermore, TCB’s ability to recover from these low abundances is 
limited given their low reproduction output (two pups per year). Therefore, TCB’s resiliency is 
greatly compromised in its current condition. Additionally, TCB’s spatial extent is projected to 
decline, with 65% reduction by 2030. As TCB’s abundance and spatial extent decline, TCB will 
also become more vulnerable to catastrophic events. 

In addition to reduced redundancy and resiliency, TCB’s representation has also been reduced. 
As explained above, TCB’s capacity to adapt is constrained by its life history and the level of its 
intraspecific diversity (e.g., genetic, phenotypic, behavioral, ecological variability). The steep 
and continued declines in abundance have likely led to reductions in genetic diversity, and 
thereby reduced TCB adaptive capacity. Further, the projected widespread reduction in the 
distribution of hibernacula will lead to losses in the diversity of environments and climatic 
conditions occupied, which will impede natural selection and further limit TCB’s ability to 
adapt. Moreover, at its current low abundance, loss of genetic diversity via genetic drift will 
likely accelerate. Consequently, limiting natural selection process and decreasing genetic 
diversity will further lessen TCB’s ability to adapt to novel changes (currently ongoing as well as 
future changes) and exacerbate declines due to continued exposure to WNS, mortality from wind 
turbines, and impacts associated with habitat loss and climate change. Thus, even without further 
WNS spread and additional wind energy development, TCB’s viability is likely to rapidly 
decline over the next 10 years (Figures 7.2 and 7.3). 
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Viability under Future Scenarios 

Under the projected range of plausible future scenarios, WNS spread reaches 100% of TCB’s 
range (Wiens et al. 2022, pp. 226–229) and wind energy related mortality increases by 66% to 
more than 2000% (Udell et al. 2022, entire; see Table 4.4). By 2060, TCB abundance declines by 
92% (Figure 7.1) and the number of extant hibernacula declines by 100% (CI 89–100%) (Figure 
7.3). Under the future scenario, by 2060, 0 out of 211 hibernacula remain in the Eastern RPU and 
only 6 out of 1,124 and 3 out of 616 hibernacula remain in the Northern and Southern RPUs, 
respectively (Figure 7.3). Given the projected low abundance, the few number and restricted 
distribution of winter colonies, TCB’s currently impaired ability to withstand stochasticity, 
catastrophic events, and novel changes will worsen under the range of plausible future scenarios. 

Uncertainty remains with regards to WNS impacts to hibernating TCB at road-associated 
culverts in the southern U.S. As discussed in Individual-level Ecology and Needs, culverts 
account for the majority of hibernacula documented in Louisiana and Mississippi. No Pd has 
been detected at culverts in Louisiana (Limon et al. 2018; entire) and although Pd has been 
detected since 2014 at several culverts that house overwintering TCB in Mississippi, no disease, 
mortality, or population impacts have been documented (Cross 2019, entire). A variety of 
environmental and biological factors may contribute to the differences observed in culverts (e.g., 
year-round temperature profiles may affect the environmental reservoir of Pd and shorter winters 
and milder climates may affect TCB hibernating behavior and physiology). TCB in the Southern 
RPU exhibit shorter torpor bouts and remain active and feed during the winter (see Chapter 2), 
and TCB winter movements within and among culverts has been documented (Anderson et al. 
undated). Consequently, there is uncertainty associated with progression of WNS within these 
TCB winter colonies. Regardless, TCB summer occupancy, summer captures, and summer 
mobile acoustic detections have declined 37%, 12%, and 65% in the Southern RPU, respectively 
(Table 7.1). And, TCB winter colonies at caves and cave-like hibernacula in the Southern RPU 
have declined, regardless of similar winter length and climates shared with bats hibernating at 
culverts (Chapter 4). 
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Figure 7.3. Projected change in TCB winter distribution over time: 2000 (far left), 2030 under CURRENT state conditions (top 
right) and 2060 under FUTURE state conditions (bottom right). Point color and size corresponds to maximum number of TCB 
observed at a hibernaculum. 
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Appendix 1: Key Uncertainties, Wind Energy Mortality Sensitivity Analyses, and State-of-
the-Knowledge 

A. Key Uncertainties 

Our analysis includes both aleatory (i.e., inherent, irreducible) and epistemic (i.e., ignorance, 
reducible) uncertainty that we address by developing a range of future scenarios, adding 
environmental stochasticity to our model, and making reasonable assumptions. The key 
uncertainties are listed in Table A-1.1 and are described below. 

Table A-1.1. A list of key uncertainties addressed in the analysis.  
Current Abundance 
and Trend 

White-nose 
Syndrome Impacts 

Wind Energy 
Related Mortality 

Climate Change and 
Habitat Loss 

Imperfect abundance 
data over time and 
space 

Pd rate of spread* Future wind energy 
capacity* 

Response to climate 
change 

WNS impact 
schedule 

Fatality rates Response to habitat 
loss 

Duration of WNS 
impact* 

Fatality risk over 
time and space 

Bat response where 
WNS not yet arrived 
Unknown 
hibernacula 

*Uncertainties are addressed directly in our high and low impact future scenarios (see Appendix 
5). 

Abundance and Population Trend 

We do not have perfect knowledge of current colony abundance and population 
trend because hibernacula are not surveyed every year nor concurrently, and there are likely 
many undocumented hibernacula. Furthermore, TCB can be hidden in inaccessible locations 
within surveyed hibernacula and may be difficult to identify accurately. We address this 
uncertainty by using predictive models developed by Cheng et al. (2021, entire) and Wiens et al. 
(2022, pp. 231–247a) to predict current abundance and population growth rate (trend) for each 
known hibernaculum. Cheng et al. (2021, entire) explained that using a statistical model rather 
than inferring from data summaries is preferred because it can account for site-to-site variation, 
year-to-year variation, and survey effort, thereby allowing evaluation of the main effects of 
counts over time and the impacts of WNS on counts. Further, statistical methods allow for 
objectively quantifying the relationships between variables while also quantifying the amount of 
uncertainty around those results. We summarized the state-of-the-knowledge (raw data 
summaries) that inform these statistical methods in Appendix 1-B. 

The statistical models are constructed from the raw data available (i.e., 6,341 TCB winter 
observations). These data represent the core of the species’ known historical and current 
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abundances, and thus are representative of the species’ overall condition. Further, while the 
imminent threats (i.e., WNS, wind, habitat loss, and climate change) may vary temporally, the 
spatial distribution and overall severity of these threats are not likely to differ markedly (see 
WNS impacts assumptions below). Coupling this assumption with information concerning the 
narrow range of optimal conditions for hibernation, we believe these data provide the best 
available and reliable dataset to assess the current and future viability of the species. 

Regarding bats in general, estimating population abundance and trends is challenging due to their 
cryptic nature, wide ranging habits, and variable detectability. A variety of methods have been 
developed and continue to be improved to fulfil this important information need, including 
winter and summer colony counts, mist-netting, acoustic monitoring, and mark-recapture studies. 
However, these efforts are often limited in scope or have been inconsistently applied across 
species’ ranges. For several federally protected hibernating bats (e.g., Indiana bat, Virginia big-
eared bat (Corynorhinus townsendii virginianus), and gray bat (Myotis grisescens), successful 
population monitoring has been achieved through coordinated survey efforts at winter and 
summer roosts in caves. Fortunately, non-listed species have benefitted from these coordinated 
survey efforts and monitoring expertise where they overlap with either state or federally listed 
species. For this reason, estimates of overwintering colony abundance of TCB are available 
through a substantial portion of their range over recent decades. Winter survey efforts for TCB 
and other hibernating species also increased when concerns about WNS were first raised in 
North America over 10 years ago. Other sources of data, to date, are more sporadic spatially and 
temporally but are still useful to inform population status. 

We also do not have perfect knowledge of every hibernacula throughout the range of TCB 
(unknown hibernacula).TCB hibernate in more caves (or cave-like subterranean habitats) than 
any other cave-hibernating bat species in eastern North America (Sealander and Young 1955, pp. 
23–24; Barbour and Davis 1969, p. 117; Brack et al. 2003, p. 65). Almost every cave in Indiana 
has contained at least one TCB (Mumford and Whitaker 1982, pp. 167–168); and small numbers 
of TCB have likely occupied most of Missouri’s 6,400 caves (Perry 2021, pers. comm.). 
Hibernating TCB do not typically form large clusters and most commonly roost singly (see 
Individual-level Ecology and Needs); therefore, many TCB (if not the majority) may be 
distributed in numerous small (and often unidentified) hibernacula during winter (Johnson 2021, 
pers. comm.; Perry 2021, pers. comm.). 

Despite the expectation that many hibernating TCB remain unobserved during winter, abundance 
estimates based on winter counts represent a sound estimate of the site-specific abundances, 
relative abundances, or at least population trends. Importantly, although these surveys do not 
produce a true census of the populations, they provide an estimate (or index) of abundance 
during winter when both sexes are roosting together. Summer roost counts are possible but much 
less feasible for TCB due to their roost preferences and frequent roost switching. Mist-netting 
efforts to estimate capture per unit effort is another method for assessing trends, but these efforts 
are labor intensive and not commonly available. Finally, acoustic monitoring can be used to 
estimate occupancy or indices of abundance that are useful to estimate relative changes in 
populations but are very difficult to interpret as estimates of abundance. For these reasons, winter 
colony counts produce the most direct, representative, and feasible method for estimating TCB 
abundance, even if these data only represent minimum estimates of abundance. 
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Furthermore, WNS is typically detected and causes mortality either during winter or in spring 
after sick bats emerge from hibernation. Thus, estimating the impacts of this disease is best 
achieved by evaluating changes in winter colonies, where possible, in response to the arrival of 
the fungal pathogen. This approach allows for analyses that specify the year of arrival of the 
fungal pathogen and subsequent changes in population sizes. While winter counts provide the 
most direct method for estimating the impacts of WNS, additional data streams are used to verify 
the patterns observed in winter. Analyses of mobile acoustic monitoring and capture efforts 
provide estimates of changes in relative abundance, while stationary acoustic monitoring 
produces indices of bat activity. All of these together are also used in occupancy modelling to 
determine changes in occurrence on the landscape over time. While none of these methods 
provides a perfect estimate of population abundance, together they improve our understanding of 
TCB status. 

White-nose Syndrome Impacts 

To capture the uncertainty in the rate of spread of Pd we used two different Pd occurrence 
models, a faster spread rate (Pd occurrence model 1, Wiens et al. 2022, pp. 226–229) based on 
spread rates observed and annual changes in the occurrence of Pd and a slower spread rate (Pd 
occurrence model 2, Hefley et al. 2020, entire) that incorporates historic occurrence and multiple 
habitat covariates (Appendices 2A and 5). Both models rely on the same WNS surveillance 
dataset but each model performs differently in different geographic regions of North America 
based on the models’ parameters. Thus, these two predictions provide a plausible range of the 
timing of Pd spread into the future. 

Although we have empirical information on population-level impacts associated with WNS 
disease progression (on average, 97% decline by the endemic stage, Cheng et al. 2021, entire), 
there is variability among sites. We identified sites that trended differently (i.e., better) than most 
and assumed they do not experience further WNS impacts. Wiens et al. (2022, pp. 231–235) 
used random draws from the impact distribution for each year (Appendix 2A). For all remaining 
sites, we assumed they would follow the empirically derived yearly impacts schedule. 

Another source of uncertainty is the duration of WNS impacts. We captured the full breadth of 
uncertainty in our future scenarios. For all scenarios, WNS impacts ameliorate 6 years after the 
arrival of Pd, forming an endemic stage (see Appendix 2A). Under the low impact scenario, we 
assumed a 9-year endemic stage and thus yielding a 15-year WNS impacts duration in total. This 
is the shortest conceivable timeframe based on our analysis of the data available. Under the high 
impact scenario, we assumed a 34-year endemic stage, thus yielding a 40-year WNS impacts 
duration in total (Appendix 5). Figure A-1A1 shows results assuming no further WNS impacts 
beginning in 2020, a 25-year impacts duration, and a 40-year impacts duration.  
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Year Year Year 

Figure A-1A1. Projected median rangewide abundance (median [black line], 90% CI 
[gray shading]) over time under no future WNS impacts (left), a 25-year impacts 
duration (middle), and a 40-year impacts duration (right). Abundance from 1990–2020 
derived from winter colony count data (black dots) using a) constant interpolation 
(yellow dots), b) status and trend model informed by Pd occurrence model 1 (blue line) 
and c) status and trend model informed by Pd occurrence model 2 (pink line). 

Other sources of uncertainty include the species’ response to WNS in areas where WNS has not 
yet been detected and our imperfect knowledge of every hibernacula throughout the range of the 
species (unknown hibernacula). This is particularly important in the southern portions of the 
range where TCB commonly overwinter in small colonies or individually, roost in numerous 
road-associated culverts, and may be active through much of the winter.   

Where disease dynamics of WNS have been observed (primarily, but not solely in the eastern 
half of North America and in cave-like hibernacula), very few TCB colonies have avoided severe 
impacts of the disease. A variety of site characteristics including colony size, temperature, and 
humidity may explain some of the variability that is observed in the degree of impact caused by 
WNS. Wilder et al. (2011) predicted that larger colonies will experience impacts of WNS sooner 
than smaller colonies. Further, Langwig et al. (2012, p. 6) determined that smaller colonies of 
TCB may experience less severe impacts than larger colonies during the initial stages of the 
disease. TCB colonies approached stabilization at low numbers (~ 6 bats) only after significant 
declines in larger colonies and not as a result of initial small colonies avoiding impacts (Langwig 
et al. 2012, p. 4). Similarly, Frick et al. (2015, p. 6) found that TCB colonies with smaller pre-
WNS counts had a higher risk of local extinction due to WNS than larger ones.  

Environmental conditions may also influence impacts of disease. While it has been determined 
that colder roosts may reduce WNS infections, mortality from WNS has been documented at a 
wide range of temperatures, including sites with winter temperature approaching 0°C (Langwig 
et al. 2012, p. 6). Low humidity conditions may also lessen the severity of infection, at least for 
some species. For example, Indiana bats in drier hibernacula have shown to have less severe 
impacts from WNS, but this pattern was not observed in TCB (Langwig et al. 2012, p. 6). 

Physiological demands of hibernation limit the ranges of temperature and humidity in which bats 
can hibernate successfully, although these limits or preferences differ among species. 
Hibernacula temperatures that are too low present a risk of freezing or raise the energetic cost of 
torpor. Similarly, hibernacula that are too dry lead to dehydration or frequent arousal from torpor 
that will consume limited fat reserves. Thus, although these factors may delay or reduce the 
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impacts of WNS, none of them would prevent the arrival of Pd or avoid impacts of WNS 
altogether. Because their winter roosts must be cold and humid to allow for successful 
hibernation and these conditions are also conducive to growth of Pd, it is valid to presume WNS 
impacts will be similar throughout the portions of the species’ range where bats hibernate for 
extended periods, regardless of whether these hibernacula are unknown or human inaccessible. 

Wind Energy Related Mortality 

We do not know the future build-out of wind energy capacity in the U.S. and Canada. We 
relied on the National Renewable Energy Laboratory's (NREL) (Cole et al. 2020, entire) and 
Canadian Energy Regulator’s (CER) (CER 2020, entire) projections for the U.S. and Canada, 
respectively. To capture the uncertainty associated with these projections, we incorporated lower 
and upper bound capacity projections into our future scenarios. Our low impact scenario (i.e., 
lower wind build-out) was based on NREL’s High Wind Cost scenario and CER’s Reference 
Scenario. Our high impact scenario (i.e., higher wind build-out) was based on NREL’s Low 
Wind Cost scenario and CER’s Evolving Scenario (Chapter 4 and Appendix 5). These build-out 
scenarios provide reasonable bounds for future expectation of wind capacity in both the U.S. and 
Canada. 

Fatality Rates vary across species, range, and seasons. We used regional specific data garnered 
from postconstruction monitoring efforts. We obtained nearly 300 reports spanning 20 states and 
4 USFWS Regions. We calculated the mean fatality rate for the species within each USFWS 
Region using currently accepted methods to account for spatial variability (see Appendix 2). 
We also are uncertain about how fatality risk varies over time and space. Although it is logical 
to assume fatality risk declines with decreasing abundance, the functional relationship is 
unknown. We evaluated fatality rates pre- and post-WNS arrival to discern a relationship 
between abundance and fatality risk. Where applicable, we applied pre- and post Pd fatality rates 
to account for the uncertainty in fatality risk as abundance changes over time (see Appendix 2). 
Additionally, we are uncertain of where bats killed at wind facilities originate. To address this 
uncertainty, we relied on the analysis completed by Udell et al. (2022, entire). Briefly, Udell et 
al. (2022, entire) created a distance decay function to allocate total wind mortality per 11x11-km 
NREL grid cell among hibernacula within the known average maximum migration distance, 
relative to the size of the hibernating populations as well as the distance from the grid cell 
centroids (i.e., hibernacula with larger colony counts and those closer to grid cell centroids were 
assigned higher proportions of the overall mortality). However, the analysis did not account for 
the possibility that some bats may originate from additional unknown hibernacula within the 
maximum recorded migration distance, or that bats may be migrating farther than previously 
documented. To look at how this latter uncertainty may affect the results, we ran a scenario in 
which wind mortality is 50% of what is projected under the high capacity scenario. The additive 
effect of wind energy mortality is discernible as seen when comparing a no wind to a wind 
scenario (Figure A-1B2); although from a viability perspective, the results do not appear 
sensitive to the range of uncertainty in future mortality levels (i.e., no marked changes in the 
overall trend in abundance). 
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Climate change 

As we detail further in Chapter 4 and Appendix 4, both habitat loss and climate change are 
pervasive across the species’ range and severity of population level declines are assumed to be 
slight (recognizing varying impacts by population). Thus, we believe overall climate change 
impacts are currently low. While there is uncertainty about the magnitude of future temperature 
increases and any associated changes in precipitation (e.g., regional changes, rate and intensity of 
extreme weather events), we have high confidence in the precipitation and temperature changes 
observed to date, and that minimal projected temperature increases (2.2 degrees F, relative to 
baseline) will occur. Similarly, we have high certainty in observed species responses to changes 
in temperature and precipitation (which vary geographically). However, we have less certainty 
about species responses that have not been observed, such as: death of individuals or alteration of 
hibernacula use due to increased risk of flooding from sea level rise or extreme weather events; 
reduced reproduction or survival due to increased habitat loss in wildfire prone areas; changes in 
phenology of bats and their prey; and changes in bat distribution. Lastly, we have uncertainty 
about possible beneficial impacts from climate change in portions of TCB’s range. While 
possible, beneficial impacts (e.g., warmer temperatures may lead to shorter hibernation periods, 
which in turn may decrease the Pd exposure duration and thus reduce impacts) are more 
speculative, at least relative to the observed negative impacts reported in the literature. For this 
reason, our assessment of effects from climate change likely underestimates risk to the species. 

Habitat Loss 

We have high confidence of prior impacts to winter hibernacula and hibernating bats. We have 
high confidence that changes in vegetation cover types occur throughout TCB’s range. We also 
have high confidence that these changes in landcover may be associated with losses of suitable 
roosting or foraging habitat, longer flights between suitable roosting and foraging habitats due to 
habitat fragmentation, fragmentation of maternity colony networks, and direct injury or mortality 
(during active season tree removal). Despite this knowledge, we have uncertainty about how 
much forest removal must occur within a home range before impacts associated with winter tree 
removal are realized. We also have imperfect knowledge of where roosts (summer and winter) 
for TCB occur. Therefore, we have uncertainty about which colonies (summer and winter) are at 
greatest risk of impacts associated with habitat loss. 

B. Wind Energy Mortality Sensitivity Analysis 

To discern the sensitivity of our results to uncertainty regarding wind energy related mortality, 
we ran various mortality scenarios. We compared four scenarios: 1) no wind energy related 
mortality, 2) current predicted mortality, 3) 50% of mortality corresponding to the future high 
impact scenario, and 4) full projected level of mortality corresponding to the high impact 
scenario. Clearly, WNS is the driving force in the future trajectory of the species (see Figure A-
1A1, comparing no WNS impacts to WNS impact scenarios), thus it is not surprising that the 
general trend in abundance is unaffected by wind energy mortality (Figure A-1B1). The additive 
effect of wind energy mortality is discernible as seen when controlling for WNS impacts and 
comparing no wind to wind scenarios under current wind conditions but not under future wind 
conditions (Figure A-1B2, see bar 1 vs 2 for current conditions and bar 3 vs 4 and 5 for future). 
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A likely explanation for this is as Pd spreads across the range over time, the results are less 
sensitive among the wind mortality scenarios because WNS impacts are severe and dominate the 
dynamics (Figure A-1B2, bars 3–5). 

A) Pd model 2 (future spread), no wind energy mortality B ) Pd model 2 (current spread), current wind energy mortality 

D) High impact scenario C) 50% of high impact scenario 

Figure A-1B1. TCB projected abundance under various wind mortality levels: (A) Pd 
model 2 (future spread), no future wind energy mortality, (B) Pd model 2 (current 
spread), current wind energy mortality, (C) 50% of the future wind energy mortality 
under the high impact scenario, and (D) high impact scenario mortality. Abundance from 
1990–2020 derived from winter colony count data (black dots) using a) constant 
interpolation (yellow dots), b) status and trend model informed by Pd occurrence model 1 
(blue line) and c) status and trend model informed by Pd occurrence model 2 (pink line). 
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Figure A-1B2. TCB projected median 2060 abundance under five wind energy related 
mortality levels: (A) Pd model 2 (future spread), no future wind energy mortality, (B) Pd 
model 2 (current spread), current wind energy mortality, (C) future mortality under low 
impact scenario, (D) 50% of the future mortality under the high impact scenario, and (E) 
future mortality under the high impact scenario 

C. State-of-the-Knowledge 

For reasons articulated in subsection A above, we relied upon statistical methods rather than raw 
data alone to assess the species’ current status. We summarize the data underlying these methods 
here. 

• We have 6,341 records from 1,951 hibernacula (58% of the sites are from the Northern 
RPU). 

• Based on these raw data: 
o Number of hibernacula with “Last observed = 0”: 165 (1990–2020), 3 (2006– 

2009), 51 (2010–2015), 108 (2016–2020); the ratio (proportion) of extirpated to 
extant sites increased since WNS discovered in 2006 (Figure A-1C1) 

o Of the 1,786 potentially extant sites, 43 to 71% have uncertain status (768–1,267 
sites do not have ≥ 1 record from 2017–2020 and 2019–2020, respectively) 
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Figure A-1C1. The proportion of sites reported to NABat with 0 as the “last observed 
count.” The proportion is number of hibernacula with 0 counts divided by the total 
number of hibernacula surveyed. 

• As of May 2021, 580 counties across 40 states and 7 Canadian provinces have presumed or 
confirmed Pd/WNS (485 are confirmed WNS/Pd) (www.whitenosesyndrome.org, accessed 
May 13, 2021). WNS/Pd suspected/confirmed from Nova Scotia southward to South 
Carolina, westward to Texas, New Mexico, Wyoming, Montana, and Washington (Figure A-
1C2).  

Figure A-1C2. WNS occurrence as of 5/12/2021 (www.whitenosesyndrome.org, accessed 
May 13, 2021). 
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• The number of TCB hibernacula with suspected or confirmed WNS is not available; 
WNS has been confirmed in every RPU. Most of these are from northern portion of the 
range, and data are scant in non-cave hibernacula in the southern portion of the range. 

o As of May 2021, there are 148 TCB events. Events are winter or summer sites 
with suspected/confirmed WNS/Pd reported on the species of interest (i.e., a 
species event is recorded only when the species has Pd/WNS, even if the 
WNS/Pd confirmed/suspected on other species or the site, 
www.whitenosesyndrome.org, accessed May 13, 2021). 

• Where WNS is present, severe declines have occurred, except in a few (2%) hibernacula. 
On average, TCB colonies declined by mean 93% (95% CI 90-100%) by the endemic 
stage of WNS progression (Cheng et al. 2021, p. 7). 

• Declines are discernible in summer data as well. Data availability vary among the data 
type (mobile acoustic, stationary acoustic, and mist-net capture data), however, we 
incorporated all available data into the analyses. 

• Using mobile transect acoustic data, Whitby et al. (2022, entire) found that 
relative abundance declined 38% (Eastern RPU) to 86% (Northern RPU) from 
2009 to 2019. 

• Using mist-net capture data, Deeley and Ford (2022, entire) found significant 
decreases in mean capture rate from 1999 to 2019. Estimates derived from their 
data found 12% (Southern RPU) to 19% (Eastern RPU) declines in mean capture 
rates post-WNS arrival. 

• Using all three data types (mobile transect acoustic, stationary acoustic, and mist-
net capture), Stratton and Irvine (2022, entire) looked at changes in probability of 
occupancy across the range of the species. Their results showed a decline in TCB 
occupancy across all RPUs (Stratton and Irvine 2022, entire). Estimates derived 
from their results found declines in the probability of occupancy ranging from 
17% (Eastern and Northern RPUs) and 37% (Southern RPU) from 2010 to 2019. 
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Appendix 2: Supplemental Methodology 

A: Analytical Framework 

Below we describe our methods for assessing a species viability over time. Our approach 
entailed: 1) describing the historical condition (abundance, health, and distribution of 
populations prior to 2020), 2) describing the current condition (abundance, health, and 
distribution of populations in 2020), 3) identifying the primary influences leading to the species’ 
current condition and projecting the future states (scope and magnitude) of these influences, 4) 
projecting the number, health, and distribution of populations given the current and future states 
of the influences, and 5) assessing the implications of the projected changes in the number, 
health, and distribution of populations for the species’ viability (Figure A-2A1). Because of the 
difficulty of delineating individual populations for bat species, we used winter colonies 
(hibernacula) to track the change in number, health, and distribution of populations over time. 
The terms populations, winter colonies, and hibernacula are used interchangeably. 

Figure A-2A1. Simplified conceptual diagram depicting the analytical framework for assessing 
bat viability over time. 

Step 1. Historical Abundance, Health, and Distribution 

We reached out to partners (Tribal, Federal, state and other) across the range to garner summer 
(capture data and stationary and mobile acoustic) and winter occurrence (hibernacula counts) 
data. Most of these data are maintained in the North American Bat Monitoring Program (NABat) 
database7, unless otherwise requested by the data contributor or the data was not provided in a 
format that could be accepted by the database. These efforts yielded thousands of records across 
the range (Figure A-2A2) and one of the largest bat data repositories we are aware of. 
Hibernacula counts were available for much of the range of TCB, although occurrence 
information is extremely scarce for the species in Mexico and Central America (Reid 1997, p. 
154; Medina-Fitoria et al. 2015, p. 49; Turcios-Casco et al. 2020, p. 532; Turcios-Casco et al. 
2021, p. 10). Consistent with the species’ biology, we assumed that TCB employs hibernation in 
cold, humid roosts even when these roosting locations are not observed by data collectors. Using 
this information, we compiled a list of all known hibernacula and associated yearly winter counts 
(winter hibernacula surveys; NABat 2021). 

7 Colony count data from North American Bat Monitoring Program Database v5.4.3: U.S. Geological Survey. 
Accessed 2021-02-10. NABat Request Number 12. batmonitoring.org / https://sciencebase.usgs.gov/nabat/#/home 
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Figure A-2A2. Documented range of TCB (blue dots), as known from available records 
(acoustic calls, mist-net captures, and hibernacula records) in the U.S. and Canada (Map 
credit: B. Udell, U.S. Geological Survey, Fort Collins Science Center). Disclaimer: 
Provisional information is subject to revision. This map shows data provided to the SSA 
for TCB and does not replace the species range (Figure. 2.3). 

One way we measure population health was hibernacula abundance (N) and population trend (λ). 
Despite the thousands of winter counts, data are not available for all years and not necessarily 
both pre and post WNS arrival. Thus, to estimate historical TCB N and λ, we relied upon 
analyses completed by Wiens et al. (2022, pp. 231–233). For TCB sites with more than 5 data-
points (n=462; Table A-2A1), they fit the data using a statistical linear mixed effects model 
(henceforth referred to as Status/Trends model) to estimate the yearly abundance for each 
hibernaculum from 1990 through 2020. For sites with fewer than 5 colony counts (n=1,489), 
they used last observed count and used the λ from closest hibernaculum or complex of 
hibernacula. The Status/Trends model relies upon WNS year of arrival, thus, N and λ estimates 
vary with the occurrence of Pd. Wiens et al. (2022, pp. 231–233) used two projections of Pd 
occurrence (referred to as Pd occurrence Model 1 and 2) to identify year of arrival for 
hibernacula lacking data (see Current and Future Primary Drivers subsection below) to capture 
uncertainty in the presence and spread rate of Pd at unknown and uncontaminated sites. Both 
models use available disease surveillance data documenting past detection of Pd and surveillance 
effort but use different parameters to estimate occurrence of Pd beyond those detections. Hence, 
we have two estimates for yearly historical colony N and λ. See Appendix 5 for further details on 
the Status/Trends model. 
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Table A-2A1. Number of hibernacula by State/Province used to estimate historical TCB 
N and λ. 

State/Province # of 
hibernacula 

Alabama 5 
Arkansas 39 
Connecticut 3 
Delaware 1 
Florida 9 
Georgia 8 
Illinois 13 
Indiana 18 
Iowa 1 
Kentucky 40 
Maryland 6 
Massachusetts 4 
Michigan 12 
Minnesota 5 
Mississippi 37 
Missouri 2 
New Hampshire 5 
New Jersey 1 
New York 16 
North Carolina 27 
Ohio 2 
Oklahoma 11 
Pennsylvania 41 
Quebec 1 
Rhode Island 1 
South Carolina 3 
Tennessee 44 
Vermont 7 
Virginia 13 
West Virginia 33 
Wisconsin 54 
TOTAL 462 

Step 2. Describe Current Abundance, Health, and Distribution 
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SCOPE (% of population decline) 
(% of range) Slight Moderate Serious Extreme 

1-10% 11-30% 31 -70% 71 -100% 
Small (1-10%) Low Low Low Low 
Restricted (11 -30%) Low Low Medium Medium 
Large (31 -70%) Low Medium High High 
Pervasive (71 -100%) Low Medium High Ve1y High 

To estimate current conditions, we relied upon analyses completed by Wiens et al. (2022, pp. 
231–233) as described above. Additionally, because colony estimates are not available for all 
hibernacula and because bats occupying a given hibernaculum disperse to many different 
locations on the summer landscape, we also relied upon the results from USGS-led summer 
capture records and acoustic records analyses to garner insights on population trends at regional 
scales (see Summer Data Analyses subsection below). 

Step 3. Identify Current and Future Primary Influences 

We reviewed the available literature and sought out expert input to identify both the negative 
(threats) and positive (conservation efforts) influences of population numbers. We identified 
WNS, wind related mortality, habitat loss, and climate change as the primary influences on the 
species’ abundance. We also identified several other potential influences but based on available 
information were either too local in scale or lacking data to assess species response. 

Qualitative/Comparative Threat Analysis - We assessed the impact of the four influences using 
an approach adapted from Master et al. (2012, entire) to allow a comparison between influences. 
For each influence, we assigned a scope, severity, and impact level for both current and future 
states. Briefly, scope is the proportion of the populations that can be reasonably expected to be 
affected by the threat within 10 years (current). Severity is the level of damage to the species 
from the threat. Impact is the degree to which the species is directly or indirectly threatened 
based on the interaction between the scope and severity values. The criteria used to assign levels 
are shown in Figure A-2B3. 

Figure A-2A3. Comparative threat assessment criteria and definitions (adapted from 
Master et al. 2012, entire). Impact level (Low to Very High) is based upon the scope and 
severity assigned. 

Quantitative Threat Analysis – We sought to model the impact of the four primary drivers, 
however, we did not have the time to rigorously determine the species response to changes in 
climate change and habitat loss. Although we have information on ongoing effects to North 
American insectivorous bats associated with climate change in specific geographic areas, given 
the differences in types and magnitude of climate change, the large range of TCB, and the fact 
that we had finite time and resources, we were unable to reliably quantify TCB’s response in a 
manner that could be included in the population model (e.g., what specific changes to which 
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specific demographic parameters should we include in response to projected changes in 
temperature or precipitation). Similarly, habitat loss or alteration can lead to locally 
consequential effects, especially with the compounding effects of WNS. We considered 
information on loss or alteration of hibernacula as well as information on changes in landcover 
types across TCB’s range; however, given our finite time and resources we were unable to 
project rangewide future landcover changes or TCB’s associated response in a manner that could 
be included in the BatTool (e.g., what specific landcover changes would result in changes to 
demographic parameters). Instead we provided a narrative on the spatial extent and magnitude of 
impact from these two stressors. 

To assess the current and plausible future state conditions (magnitude and severity) for WNS and 
wind related mortality, we used published data, expert knowledge, and professional judgment. 
To capture the uncertainty in our future state projections, we identified plausible upper and lower 
bound changes for each influence. The lower and upper bounds for each influence were then 
combined to create composite plausible “low” and “high” impact scenarios. These scenarios 
were used as inputs to a population-specific demographic model (BatTool, Erickson et al. 2014, 
entire; explained Step 4 below) to project abundance given specified WNS and wind mortality 
scenarios. 

WNS – To assess the current and future severity of WNS, we calculated disease-induced fatality 
rates from data gathered from winter colonies following Pd arrival (referred to as “WNS impacts 
schedule”, see below). We assumed that the WNS impacts schedule (severity) will not change 
into the future, and hence, the only difference between the current and future WNS scenarios is 
the rate of spread (scope) of WNS. To estimate the current and future occurrence of WNS, we 
relied on two models (several others are available with similar predictions), Wiens et al. (2022, 
pp. 226–229) and Hefley et al. (2020, entire). We refer to these projections as “Pd occurrence 
model 1 and 2.” Both models rely on the same WNS surveillance dataset but allowed us to 
capture uncertainty in spread rates. Additionally, each model performs differently in different 
geographic regions of the country, making one model better than the other in a certain area of the 
country and vice-versa. 

Since 2007, collection and management of surveillance data for WNS and Pd on bats or in the 
environment has been coordinated by the National Response to WNS, led by USFWS. State 
agencies or other appropriate land-management entities conduct most sample collection for 
disease surveillance and are responsible for reporting county level-determinations 
of Pd status. WNS is confirmed by histopathological observation of lesions characteristic of the 
disease (Meteyer et al. 2009, entire), molecular detection of the fungus (Muller et al. 2013, 
entire), or characteristic field signs associated with WNS Case Definitions determined by USGS, 
National Wildlife Health Center. Year of arrival of WNS or Pd at a location is documented at a 
county-level resolution (available at www.whitenosesyndrome.org). 

Wiens et al. (2022, pp. 226–229) used a Gaussian interpolation and projection using linear 
movement estimates based on observed rates of spread of Pd (see Appendix 5). Hefley et al. 
(2020, entire) used a diffusion and growth model, which estimates the prevalence (similar to 
abundance) of Pd at a location. In their model, prevalence is influenced by proximity to known 
occurrences and environmental covariates of percent canopy cover, terrain ruggedness index, 
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waterways, locations of mines, and karst geology. Year of arrival of Pd at a location is assigned 
to the year in which prevalence exceeds 0.25 (this level was chosen by the SSA Core Team 
based on the prevalence value observed at a subset of sites where Pd has already been detected). 
Separate parameters were calculated to estimate current and future distribution of Pd in the 
Pacific Northwest, where the fungus is expected to have initiated a second epicenter after 
“jumping” from the nearest known previous occurrence (Lorch et al. 2016, p. 4). Using their 
estimates of spread rates, future distribution of Pd was projected on an annual scale for every 10 
km x 10 km grid cell until Pd was predicted to be present throughout the entirety of the species’ 
range (Wiens et al. 2022, pp. 226–229) or until statistical confidence interval in the model 
projection was too great for the value to be reliable (Hefley et al. 2020, entire). The projected Pd 
spread under the two models is shown in Figure A-2B4. 

A B 

Figure A-2A4. Two models of Pd occurrence in North America since 2007 and into the 
future. A) A Gaussian interpolation map using spatial relationships and direct 
observations of Pd occurrence (Wiens et al. 2022, pp. 226–229). B) A diffusion and 
growth model using observed Pd prevalence in diagnostic samples to predict 
environmental prevalence of Pd based on spatial and environmental covariates (Hefley et 
al. 2020, entire). 

To estimate current and future WNS impact (fatality rates), we relied on Wiens et al. (2022, pp. 
233–235) derived “WNS impacts schedule”; a distribution of annual-specific changes to survival 
rates. They used data collected during winter hibernacula surveys from 1990–2020 and 
calculated the proportional change in size of the colony between calendar years and between 
years since arrival of Pd. Assuming that change in the estimated colony size was the result of 
WNS-induced mortality, these estimates of percent change in colony size were translated into 
changes in adult over-winter survival rate (a parameter in the BatTool). Lastly, they collated 
these site-specific over-winter survival rates to create annual distributions, i.e., WNS impacts 
schedule (Figure A-2A5.). This WNS impacts schedule was used in the BatTool to apply WNS 
impacts to hibernacula over time. For a few sites, the severity of WNS impact has deviated from 
the norm; for these exceptions, a colony-specific WNS impacts schedule was derived (see Wiens 
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et al. 2022, pp. 231–247). See Appendix 5 for additional information and further description of 
future scenarios. 

Figure A-2A5. Adult winter survival decreases annually after Pd detection for little 
brown bat (MYLU), northern long-eared bay (MYSE), and tricolored bat (PESU). These 
data were used to create the WNS impacts schedule. The data depicted for 6 years since 
detection of Pd include all years since detection ≥ 6. 

Wind - To assess the current and future magnitude and severity of current and future wind energy 
development, we 1) estimated species-specific wind fatality rates (bats per megawatt (MW) per 
year), 2) applied current and projected future wind capacity within the species’ range, and 3) 
applied species-specific fatality rates to current and future wind capacity to estimate wind related 
mortality for known hibernating populations. We assumed the only difference between the 
current and future wind scenarios is the amount of installed wind capacity and the proportion of 
curtailed turbines. We did, however, use different fatality rates for pre- and post-WNS as the data 
indicated different percent species compositions before and after WNS arrival. 

To estimate wind fatality rates (severity), we reached out to the public, states, USFWS 
Ecological Services field offices, and other partners to request data from wind post-construction 
bat fatality monitoring at wind projects within the ranges of TCB, little brown bat, and northern 
long-eared bat. We obtained 287 reports for wind projects in 20 states within USFWS Legacy 
Regions (Regions) 3, 4, 5, and 6 (Figure A-2A6). 
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Figure A-2A6. U.S. Fish and Wildlife Service Regions. 

For a subset (n = 155) of these reports (those that met our inclusion criteria, described 
below) we calculated species-specific per MW fatality rate using the following equation: 

TCB per MW fat rate = Bfat * %Sp 

Where Bfat is the all-bat fatality rate per MW and %Sp is the species-specific percent 
composition of fatalities reported. Bfat was calculated for each Region by deriving annual all-
bat per MW fatality rates for each study in our subset, applying corrections for unsearched 
areas and portions of the year as needed, and then averaging the corrected all-bat fatality rates 
across the studies in each Region. %Sp was calculated by dividing the total number of each 
species’ carcasses reported in our subset of studies by the total number of bat carcasses. 

To maximize consistency and comparability across studies in our database, we applied the 
following inclusion criteria:  

1. Study must report a bats/megawatts (MW) or bats/turbine fatality rate, corrected for 
searcher efficiency (SE) and carcass persistence (CP). If bats/turbines is the only reported 
fatality rate, the report must also include the number of turbines and MW at the site in 
order to calculate bats/MW. 

2. Turbines were operated without curtailment (i.e., no feathering below manufacturer’s or 
other cut-in speeds) during the study period. In a few instances where studies tested 
certain cut-in speeds in a subset of turbines and reported separate fatality rates for 
curtailed versus control (uncurtailed) turbines, the control turbine fatality rate was used. 

3. The study search interval was seven days or less. 
4. The study provided the range of dates when carcass searches were performed. 
5. The study provided the search area (i.e., plot) dimensions.      

For the U.S., we assessed our species composition rates by USFWS Region. We had insufficient 
data to generate TCB percent composition rates for Regions 2, 4, and 6. We used American 
Wind Wildlife Institute’s (AWWI) (2020, p. 19) TCB composition rates for Region 2 (AWWI 
2020, p. 19), but they did not report values for Regions 4 and 6. For Region 4, along with the 
southern portion of Region 5, we observed significantly higher TCB fatalities compared to TCB 

105 



 

 
 

    
  

 
    

   
   

 
  

 
 

 
 

  
 

  
  

   
    

 
 

 
 

  
     

   
    

  
  

    
 

 
   

 

 
 

 
 

 

fatality rates in the northern portion of Region 5, likely due to higher TCB abundance in the 
southern extent of its range. Therefore, we calculated separate TCB composition rates for the 
northern and southern portions of Region 5, incorporating Region 4 data with Region 5 South. 
We combined Region 3 and Region 6 data to calculate a Region 3/6 percent species composition 
rate. For Canada, we used species composition rates (%Sp) reported in Bird Studies Canada et al. 
(2018, pp. 17–18). Additionally, we found differences in %Sp following Pd arrival, and thus, 
applied post-Pd arrival %Sp rates as suggested by the data. 

It should be noted that reported fatality rates in our USFWS database were derived using a 
variety of estimators with differing, imperfect assumptions and biases toward underestimating or 
overestimating mortality (i.e., see Rabie et al. 2021, entire). Additionally, a recent study by Huso 
et al. (2021, entire) found that bird and bat fatality rates were relatively constant per unit energy 
produced by turbines under similar environmental conditions regardless of their size, suggesting 
that the relative amount of energy produced, rather than simply the size, spacing, or nameplate 
capacity of turbines, determines the relative all-bat fatality rate. However, bat fatalities per 
turbine generally increased with turbine size or MW capacity (Huso et al. 2021, p. 4). Lacking 
information about the capacity factor (total energy produced relative to the theoretical maximum, 
or nameplate capacity), for all the turbines in our database, we relied on reported bats/MW 
fatality rates. As such, our averaged fatality rates may overestimate mortality for facilities with 
high capacity but low energy production (low capacity factor) or vice versa, but are more robust 
than bats/turbine fatality rates. Moreover, because they are averages across many facilities and 
states, they should capture the general capacity factor trends across regions, at least for built 
facilities as of October 2020. 

To determine current and future wind capacity (magnitude), we obtained current wind capacity 
data from the U.S. Wind Turbine Database (USWTDB version 3.2; Hoen et al. 2018, entire) and 
corrected/incorporated facility-specific curtailment information (USFWS, unpublished data). For 
future projections, we used—at the counsel of experts at USDOE and NREL—the 2020 NREL 
High and Low Onshore Wind Cost Scenarios data (Cole et al. 2020, p. 26) as reasonable lower 
and upper bounds of future U.S. wind capacity by state. For Canada, we used Canada Energy 
Regulator’s (CER) (CER 2020, pp. 5, 22–23, 56–57) Evolving and Reference (baseline) 
scenarios as our upper and lower bounds, respectively (see Appendix 4 for further description of 
future scenarios). 

Lastly, to calculate hibernacula-specific wind mortality, we relied upon the analysis by Udell et 
al. (2022, entire). Briefly, Udell et al. (2022, entire) summed wind capacity under the lower and 
upper bound scenarios for each 11x11 km NREL grid cell centroid and calculated a grid cell-
specific mortality estimate. They then created a distance decay function to allocate the total 
mortality per 11x11 km grid cell among hibernacula, relative to the size of the hibernating 
populations and distance of hibernacula (within the known average maximum migration 
distance) from the grid cell centroid (i.e., hibernacula with larger colony counts and those closer 
to grid cell centroids were assigned higher proportions of the overall mortality). To account for 
mortality reductions associated with feathering below the manufacturer’s cut-in speed or higher, 
we applied a 50 percent mortality reduction to turbines implementing any level of curtailment 
during the fall or summer seasons, per our 2020 data (USFWS unpublished data). We then 
multiplied this 50% mortality reduction by the relative proportion of all-bat mortality reported by 
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season in our post-construction mortality database (USFWS, unpublished data; Table A-2A2). 
Based on these proportions, we applied an overall mortality reduction of 50 percent to turbines 
curtailing in both summer and fall and a 34 percent reduction to turbines curtailing in fall only 
(Table A-2A3). 

Table A-2A2. Proportion of all-bat mortality by season (USFWS, unpublished data). 
Season Date Range Proportion of All-bat 

Mortality 
Spring March – May 31 0.065 
Summer June 1 – July 30 0.252 
Fall August 1 – November 30 0.68 
Summer + Fall June 1 – November 30 1.0 

Table A-2A3. Curtailment categories by season and associated fatality reductions 
applied to turbine MW. 
Category Curtailment Total Mortality 

Season Reduction Applied* 
No Curtailment None N/A 
Fall Only Fall, Fall + Spring 0.34 
Summer + Fall Summer + Fall, 0.50 

Summer + Fall + Spring 
*Reflects 50% mortality reduction for curtailment multiplied by seasonal proportion of 
all-bat fatality (Table A-2A2). 

Step 4. Project Future Number, Health, Distribution of Populations Under Current and Future 
Influences. 

To project future abundance and trend given current and future state conditions for WNS and 
wind, we used an existing bat population tool, updated with TCB-specific demographics 
(BatTool, Erickson et al. 2014). The BatTool is a demographic model that projects hibernaculum 
abundance over time given starting abundance (N), trend (λ), environmental stochasticity, WNS 
stage, annual WNS impacts schedule, and annual wind related mortality as specified by the wind 
capacity scenarios. Starting abundance (N) and trend (λ) were derived from the Status/Trends 
model described in Step 1 above. For each hibernaculum, the model was run for 100 simulations 
projecting 40 years into the future. 

Using these projected abundance estimates, we calculated various hibernaculum-level and 
representation unit-level (RPU, described in Chapter 2) metrics to describe the species’ 
historical, current, and future number, health, and distribution of populations given current and 
future influences. Figure A-2A7 shows a simplified schematic of the purpose of the various 
models used and Figure A-2A8 provides the conceptual framework for the BatTool. 
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Figure A-2A7. Simplified schematic showing the role for each of the four mathematical models: 
two Pd prevalence models, Status and Trends model, and BatTool. 

Figure A-2A8. A schematic of the BatTool, including origins of model inputs. 

Summer Data Analyses 

Because the population of bats monitored at a given hibernaculum disperse to many different 
locations on the summer landscape and because colony estimates are not available for all 
hibernacula, we also relied upon the results from USGS-led summer capture records and acoustic 
records analyses. These studies assessed the changes in occupancy (λ) and capture rates over 
time. We briefly describe their methodologies here; refer to Appendix 5 for further details. 

Deeley and Ford (2022, entire) assessed the change in capture rates during summer surveys to 
garner insights on change in capture rates over time and to assess reproductive conditions of 
female bats, age structure, and body condition indices of male bats. Between 1999 and 2019, 
they analyzed 10,489 TCB in 3,290 sampling events in which 736 (7.0%) of records had 
sufficient information. Rates of capture per unit effort or per sampling event were calculated for 
each species on an annual timescale by year and by year since arrival of Pd based on Wiens et al. 
(2022, pp. 226–229) Pd occurrence estimates (model 1). Stratton and Irvine (2022, entire) 
assessed recent change in predicted summer occupancy using stationary and mobile acoustical 
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detector records and capture records across TCB’s range. They developed a false-positive 
occupancy model to estimate probability of occurrence, annual rate of change in summertime 
occupancy (λavg), and total change in occupancy (λtot) from 2010 to 2019. Predicted occupancy 
was calculated for each 10km by 10km grid cell in TCB’s range. The occupancy prediction used 
covariates of mean elevation, terrain ruggedness index, annual mean precipitation, annual mean 
temperature, distance to nearest wind farm, percent forest cover, and percent water cover to 
provide estimates in locations that were not sampled directly. Metrics of change were based on 
aggregating predicted occupancy between 2010 to 2019 at the RPU and rangewide scale. Whitby 
et al. (2022, entire) analyzed relative abundance of TCB annually using acoustical data collected 
during mobile transect surveys. They analyzed the number of calls detected along driving routes 
and estimated changes in abundance over the past decade relative to the arrival of WNS and 
changes in installed wind energy facilities. These analyses were used to estimate rate of change 
in populations at state and RPU scales. 

B: Adaptive Capacity Analysis 

To garner additional insights into the intrinsic (and historical) ability of these species to 
withstand stressors and adapt to novel changes in the environment, we used the framework put-
forth by Thurman et al. (2020, entire). Specifically, Thurman et al. (2020, entire) developed an 
attribute‐based framework for evaluating the adaptive capacity of a given species. Although the 
basis for the framework is climate change based, the attributes apply to other stressors and 
changes a species may be exposed to. They identified 12 “core” attributes out of their 36 
potential attributes (Figure A-2B1), which collectively provide a comprehensive means of 
assessing adaptive capacity and are generally available for many species. For each attribute, a 
species is evaluated on a 5-level “low–moderate–high” scale, with criteria specified for each 
adaptive capacity level. They do not advise a composite level as many of the attributes interact 
and some may be “so important that they may overwhelm other considerations (i.e., “deal 
makers” or “deal breakers”). Using the criteria defined in Thurman et al. (2020, supporting 
information), we categorized each species’ level of adaptive capacity for each of the 12 core 
attributes (Table A-2B1) 
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Figure A-2B1. The adaptive capacity “wheel”, depicting 36 individual attributes organized 
by ecological complexes (or themes). Twelve core attributes, representing attributes of 
particular importance and for which data are widely available, are highlighted in light blue 
(from Thurman et al. 2020, Figure 1). 

Table A-2B1. Assessment of 12 core attributes of TCB adaptive capacity (from Thurman et 
al. 2020, Supporting Information). 

Core Attribute Relative 
Level 

Evidence and Relevance 

Extent of High Broadly distributed (Davis 1959, entire; Geluso et al. 2005, p. 406; Kurta 
Occurrence et al. 2007, p. 405; Slider and Kurta 2011, p. 380; Adams et al. 2018, 

entire; Hanttula and Valdez 2021, p. 132); typically, a broader distribution 
is expected to confer higher adaptive capacity. 

Habitat Low/ Summer habitat: generalist; suitable roosting habitat includes live and dead 
Specialization Moderate leaf clusters of live or recently dead deciduous hardwood trees (Veilleux et 

al. 2003, p. 1071; Perry and Thill 2007, pp. 976–977; Thames 2020, p. 32); 
Spanish moss and Usnea trichodea lichen (Davis and Mumford 1962, p. 
395; Poissant 2009, p. 36; Poissant et al. 2010, p. 374); pine needles (Perry 
and Thill 2007, p. 977); eastern red cedar (Thames 2020, p. 32); artificial 
roosts (e.g., barns, beneath porch roofs, bridges, concrete bunkers) (Jones 
and Pagels 1968, entire; Barbour and Davis 1969, p. 116; Jones and 
Suttkus 1973, entire; Hamilton and Whitaker 1979, p. 87; Mumford and 
Whitaker 1982, p. 169; Whitaker 1998, p. 652; Feldhamer et al. 2003, p. 
109; Ferrara and Leberg 2005, p. 731; Smith 2020); and rarely within 
caves (Humphrey et al. 1976, p. 367; Briggler and Prather 2003 p. 408; 
Damm and Geluso 2008, p. 384). Specific roost requirements needed for 
successful pregnancy and recruitment likely include narrow temperature 
ranges. Exhibit high site fidelity. 
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Core Attribute Relative 
Level 

Evidence and Relevance 

Winter habitat: specialist; suitable hibernacula conducive to longer torpor 
bouts; hibernacula include caves and mines (Barbour and Davis 1969, p. 
116); road-associated culverts (Sandel et al. 2001, p. 174; Katzenmeyer 
2016, p. 32; Limon et al. 2018, entire; Bernard et al. 2019, p. 5; Lutsch 
2019, p. 23; Meierhofer et al. 2019, p. 1276); tree cavities (Newman 2020, 
p. 14); abandoned water wells (Sasse et al. 2011, p. 126); rock shelters 
(e.g., fissures in sandstone and sedimentary rock) (Johnson 2021, pers. 
comm.). Exhibit high site fidelity. 

Commensalism 
with Humans 

Moderate  Broadly distributed across human-modified landscapes, but less tolerant 
when suitable roosting sites have been eliminated (e.g., urban and 
agricultural dominated landscapes) (Duchamp and Swihart 2009, p. 855; 
Farrow and Broders 2011, p. 177). Conversely, will utilize man-made 
infrastructure as hibernation sites (e.g., abandoned mines, tunnels, road-
associated culverts) (see references above). 

Genetic 
Diversity 

Moderate Martin (2014, entire) observed significantly distinct structure in maternally 
inherited mitochondrial DNA across the sampled range. Large portions of 
the range have not been sampled and we are unaware of additional genetic 
information. 

Population Size Low Once common, populations have decreased significantly (Cheng et al. 
2021, entire); adaptive capacity may decrease with smaller populations. 

Dispersal 
Distance 

Moderate/ 
High 

Females migrate up to 243 km (151 miles) from winter to summer habitat 
(Samoray et al. 2019, entire); individuals have high site fidelity. 

Climatic Niche 
Breadth 

High Broad climatic niche breadth across range (e.g., occur from Canada to 
Central America) (see references above); may indicate a broader tolerance 
to climate change because they currently encompass a broader array of 
climate conditions. 

Physiological 
Tolerances 

Moderate If physiological tolerance reflects the degree to which a species is 
restricted to a narrow range of abiotic conditions, we assume TCB have at 
least a moderate level of physiological tolerance during the summer given 
they are found as far north as Canada and as far south as Central America. 
Physiological tolerance during hibernation, however, is narrower given 
requirement for suitable hibernacula conducive to longer torpor bouts. 

Diet Breadth High Opportunistic feeders; small insects ranging from 4–10 mm in length 
(primarily Coleoptera, Diptera, Lepidoptera, and Trichoptera) (Ross 1967, 
p. 223; Whitaker 1972, p. 879; LaVal and LaVal 1980, p. 24; Griffith and 
Gates 1985, p. 453; Hanttula and Valdez 2021, p. 132). Hibernation period 
may decrease with warming temperatures, but insect hatches may occur 
earlier. 

Reproductive 
Phenology 

Low TCB mate in the fall. Females store sperm in their uterus during the winter 
and fertilization occurs soon after spring emergence from hibernation 
(Guthrie 1933, p. 209). Females typically give birth to two young, rarely 
one or three between May and July (Allen 1921, p. 55; Barbour and Davis 
1969, p. 117; Cope and Humphrey 1972, p. 9). 
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Core Attribute Relative 
Level 

Evidence and Relevance 

Life Span Moderate/ 
Low 

The greatest longevity records are 14.8 years and 11.2 years for a male and 
female, respectively (Paradiso and Greenhall 1967, pp. 251–252; Walley 
and Jarvis 1972, p. 305). 

Fecundity Low Litter size is usually two, rarely one or three, annually (see references 
above). 
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Appendix 3: Supplemental Results 

A: Historical Condition 

Table A-3A1. The historical number of states/provinces, spatial extent (Extent of Occurrence: 
EOO), winter abundance and documented hibernacula rangewide. 
# of 
States / 
Provinces EOO (acres) 

# of known 
hibernacula Abundance (max) 

34/1 1.1 billion 1,951 140,547 

Table A-3A2. The historical number of documented hibernacula and winter abundance by RPU. 
RPU # of known 

hibernacula Abundance (max) 
Eastern 211 16,576 
Northern 1,124 95,906 
Southern 616 32,433 

B: Current Condition 

Table A-3B1. Projected yearly rangewide number of states/provinces with 2 or more bats 
persisting, spatial extent (EOO in acres), number of hibernacula (90% CI), and median 
abundance (90% CI) under current conditions. 

Year 

# of 
States / 
Provinces EOO (ac) # of hibernacula Abundance 

2020 29/1 929 million 1,378 (CI 1,317–1,378) 67,898 (CI 67,444–68,352) 
2030 15/0 383 million 171 (CI 22–734) 15,661 (CI 8,312–26,690) 
2040 8/0 262 million 49 (CI 4–464) 14,611 (CI 7,181–23,056) 
2050 6/0 205 million 30 (CI 3–379) 16,557 (CI 12,368–22,444) 
2060 5/0 136 million 23 (CI 3–340) 19,506 (CI 13,619–28,429) 

Table A-3B2. Projected RPU-level number of hibernacula and probability of population growth 
(λ)>1 (pPg) under current conditions. 

RPU Year # of hibernacula pPg 
Eastern 2020 114 0% 

2030 3 10% 
2040 0 54% 
2050 0 45% 
2060 0 41% 

Northern 2020 856 0% 
2030 97 0% 
2040 13 52% 
2050 7 66% 
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RPU Year # of hibernacula pPg 
2060 5 98% 

Southern 2020 408 0% 
2030 71 21% 
2040 36 63% 
2050 23 64% 
2060 18 58% 

Table A-3B3. Projected RPU median abundance (90% CI) under current conditions. 
RPU 2020 2030 2040 2050 2060 
Eastern 1,891 

(CI 1,786–1,996) 
103 
(CI 32–257) 

26 
(CI 0–177) 

14 
(CI 0–249) 

5 
(CI 0–509) 

Northern 41,448 
(CI 41,428– 
41,468) 

5,374 
(CI 3,667– 
6,989) 

2,733 
(CI 1,208–5,437) 

3,535 
(CI 403– 
11,141) 

3,864 
(CI 202– 
17,433) 

Southern 24,559 
(CI 23,980– 
25,138) 

11,042 
(CI 3,860– 
20,086) 

10,853 
(CI 3,565– 
20,544) 

11,810 
(CI 5,065– 
20,665) 

12,395 
(CI 5,999– 
20,594) 

Table A-3B4. Summary of recent TCB population trends from multiple data types and analyses. 
Winter Colony analysis – Wiens et al. (2022, entire); Summer Occupancy analysis – Stratton and 
Irvine (2022, entire); Summer Capture analysis – Deeley and Ford (2022, entire); and Summer 
Mobile Acoustic analysis – Whitby et al. (2022, entire). 

Scale Winter Colony 
Summer 

Occupancy 
Summer 
Capture 

Summer Mobile 
Acoustic 

Eastern -89% -17% -19% -38% 
Northern -57% -17% -16% -86% 
Southern -24% -37% -12% -65% 
Rangewide -52% -28% -12% to -19% -53% 

C: Future Condition 

Table A-3C1. Projected rangewide number of states/provinces and hibernacula with 1 or more 
bats persisting, spatial extent (EOO), number of hibernacula (90% CI) and median abundance 
(90% CI) under future scenarios. 

Year 
# of States 
/ Provinces EOO (ac) # of hibernacula Abundance 

2020 29/1 929 million 1,378 (CI 1,317–1,378) 67,898 (CI 67,444–68,352) 
2030 14/0 329 million 124 (CI 18–603) 10,138 (CI 8,053–12,519) 
2040 7/0 169 million 18 (CI 3–324) 7,225 (CI 3,604–12,520) 
2050 5/0 86 million 11 (CI 2–251) 8,495 (CI 2,524–19,690) 
2060 5/0 77 million 9 (CI 2–214) 10,955 (CI 2,194–27,292) 
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Table A-3C2. Projected RPU-level number of known hibernacula, and probability of population 
growth (λ)>1 (pPg) over time under future scenarios. 

RPU Year # of hibernacula pPg 
Eastern 2020 114 0% 

2030 2 12% 
2040 0 52% 
2050 0 50% 
2060 0 48% 

Northern 2020 856 0% 
2030 81 1% 
2040 11 54% 
2050 7 72% 
2060 6 98% 

Southern 2020 408 0% 
2030 41 11% 
2040 7 68% 
2050 4 72% 
2060 3 78% 

Table A-3C3. Projected RPU median abundance (90% CI) under future scenarios. 
RPU 2020 2030 2040 2050 2060 
Eastern 1,891 

(CI 1,786– 
1,996) 

89 
(CI 30–304) 

29 
(CI 0–183) 

16 
(CI 0–243) 

12 
(CI 0–467) 

Northern 41,448 
(CI 41,428– 
41,468) 

4,860 
(CI 3,608– 
6,541) 

2,493 
(CI 897– 
6,498) 

2,863 
(CI 271– 
10,955) 

3,876 
(CI 132– 
16,276) 

Southern 24,559 
(CI 23,980– 
25,138) 

5,144 
(CI 3,191– 
6,746) 

4,553 
(CI 1,639– 
7,654) 

5,684 
(CI 1,561– 
9,974) 

6,020 
(CI 1,579– 
12,855) 

D: Qualitative/Comparative Threat Analysis 

To estimate the proportion of TCB’s range with wind mortality risk in 2020, we took the 
following approach: 
1. Buffer extant hibernacula by avg. migration distance (126 km) 
2. Buffer summer points by avg. migration distance (126 km) 
3. Merge & dissolve buffered hibernacula and summer shapefiles into a “TCB occupied” area, 

clip TCB range by contiguous U.S. border for “TCB U.S. range”, and clip TCB occupied 
area by TCB U.S. range. 

4. Buffer and dissolve current turbines (Hoen et al. 2018, entire) by avg. migration distance for 
“wind threat” area 
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5. Clip wind threat area by TCB occupied area for “TCB wind risk” area 
6. Compare TCB wind risk area with range area in U.S.: range area (4,605,467 km2 ) and 2020 

wind risk area: 2,449,924 km2 (53% of U.S. range) (Figure A-3D1) 

Figure A-3D1. Estimated extent of TCB’s U.S. range with wind mortality risk. 

To estimate the proportion of TCB’s range with wind mortality risk in 2050 (per low and high 
build-out scenarios), we took the following approach: 
1. 2050 Low Build-out Scenario: 

a. Buffer & dissolve 2050 High Onshore Wind Cost Scenario NREL data (Cole et al. 
2020, entire) by avg. migration distance (126 km) for “future wind threat: area. Note: 
Future MW summed by 11x11-km NREL grid so does not capture actual distribution 
of turbines on landscape. 

b. Clip wind threat area by TCB occupied areas for TCB 2050 low wind risk” area 
(U.S.) 

c. Compare TCB 2050 low wind risk areas with range area in U.S: range area 
(4,605,467 km2 ) and 2050 low wind risk areas (1,720,963 km2 ) (37% of U.S. range) 
(Figure A-3D2) 

2. 2050 High Build-out Scenario: 
a. Buffer & dissolve 2050 Low Onshore Wind Cost Scenario NREL data (Cole et al. 

2020, entire) by avg. migration distance (126 km) for “future wind threat” area. Note: 
Future MW summed by 11x11-km NREL grid so does not capture actual distribution 
of turbines on landscape. 
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□ 2050 Low Wii1d Risk Arca 

b. Clip wind threat area by TCB occupied areas for “TCB 2050 high wind risk” area 
(U.S.) 

c. Compare TCB 2050 high wind risk areas with range area in U.S.: range area 
(4,605,467 km2 ) and 2050 high wind risk areas (3,414,613 km2 )(74% of U.S. range) 
(Figure A-3D3) 

Figure A-3D2. Estimated extent of TCB’s U.S. range with wind mortality risk in 2050 low 
build-out scenario. 
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PESU U.S. Range 
D 2050 High Wind Risk Area 

Figure A-3D3. Estimated extent of TCB’s U.S. range with wind mortality risk in 2050 
high build-out scenario. 

To estimate the severity of impact from wind energy related mortality, we compared scenarios to 
baseline scenarios without wind energy mortality. Results are presented in Tables A-3D1 and A-
3D2.  

Table A-3D1  Projected median rangewide abundance given CURRENT wind energy 
mortality under 4 scenarios: 1) Pd model 1 and current wind energy related mortality, 2) 
Pd model 1 and no wind energy related mortality, 3) Pd model 2 and current wind energy 
related mortality ,and 4) Pd model 2 and no wind energy related mortality (all values 
derived from Wiens et al. 2022, entire). 

Median Rangewide Abundance 
Scenario 2030 2040 2050 2060 
Pd Model 1 – Current mortality 10,623 10,355 17,379 23,657 

Pd Model 1 – No mortality 13,416 13,823 25,032 36,388 
% change -21% -25% -31% -35% 

Pd Model 2 – Current mortality 24,195 19,599 17,809 17,252 

Pd Model 2 – No mortality 29,846 24,245 22,629 21,955 

% change -19% -19% -21% -21% 
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Table A-3D2. Projected median rangewide abundance given FUTURE wind energy 
mortality under 4 scenarios: 1) Pd model 1 and future wind energy related mortality, 2) 
Pd model 1 and no wind energy related mortality, 3) Pd model 2 and future wind energy 
related mortality, 4) Pd model 2 and no wind energy related mortality (all values derived 
from Wiens et al. 2022, entire). 

Median Rangewide Abundance 
Scenario 2030 2040 2050 2060 
Pd Model 1 – low impact mortality 10,493 10,320 16,521 22,553 

Pd Model 1 – future no mortality 13,789 14,226 24,766 36,277 

% change -24% -27% -33% -38% 
Pd Model 2 – high impact mortality 10,214 5,415 4,665 4,339 

Pd Model 2 – future no mortality 14,797 7,397 5,719 4,811 

% change -31% -27% -18% -10% 

119 



 

 

  
 

  
 

 

 

 

 
   

  
   

 
 

 
 

 
 

 
   

 
 

 
 

OLUMBIA 

Vancouver 

~or and 

o E 

\!Ii 

C Llr· 

A BERTA 

IDAHO 

NEV 
UTAH 

Las ~egas 

Los~geles ARIZ 

o,~nuim:,mw.,on .. ~.....,or 

~DRalanda...,bfcctlarevi"""' 11,sm!'l"IJ 

prtM<iadlr:l.......tftn,,edlEl'knl!lybe!ltSCllttlCI! 

Thetnfcrmafalhanat-=eiYl!db'3~by 
lhaUS~s..,,,,y(USGS)andBp,0¥idnd 
Dnlhacm,dibcnl'l.lt,,....,_tlirUSGSJICl'lhaUS 

~..tialbehcfdk:ibh:lcra,,yd~ 
resul1mgfromtie:i~orun;,u~used .. _ 

Canada 

A A H W 

w o. 

NE IR 

CJlO 

N M l 
0 

co 

Mexico r ~ 

lf 

i,UAN 
JA 

Bahamas 

Haiti 
Pu@rtoRico 

.stJohn's 

~I 
~ 

•Guadelou----------'L 

Appendix 4: Supplemental Threat and Future Scenario Information 

A: WNS 

Background 

White-nose syndrome (WNS) is a disease of bats that is caused by the fungal pathogen 
Pseudogymnoascus destructans (Pd) (Blehert et al. 2009, entire; Turner et al. 2011, entire; Lorch 
et al. 2011, entire; Coleman and Reichard 2014, entire; Frick et al. 2016, entire; Bernard et al. 
2020, entire; Hoyt et al. 2021, entire). The disease and pathogen were first observed in eastern 
New York in 2007 (with photographs showing presence since 2006; Meteyer et al. 2009, p. 411), 
although it is likely the pathogen existed in North America for a short time prior to its discovery 
(Keller et al. 2021, p. 3; Thapa et al. 2021, p. 17). Since May 2021, Pd and WNS have spread to 
40 states and 7 provinces, with lesions indicative of disease confirmed in 12 species of North 
America bats, including TCB (Figure A-4A1, www.whitenosesyndrome.org; accessed online 
May 13, 2021; Hoyt et al. 2021, Suppl. Material). Pd invades the skin of bats, leading to 
significant morbidity and mortality that causes drastic declines in multiple species of hibernating 
bats. 

Figure A-4A1. Occurrence of Pd and WNS in North America based on surveillance 
efforts in the U.S. and Canada: disease confirmed (color-coded), suspected (stripes), Pd 
detected but not confirmed (solid circles), and Pd detected but inconclusive lab results 
(open circles). (www.whitenosesyndrome.org, accessed online: May 13, 2021) 

As with any disease, there are three critical elements necessary for WNS to manifest: the 
pathogen, Pd; the host, hibernating bats; and a favorable environment for them to interact, 
mainly subterranean hibernacula (Turner et al. 2011, pp. 20–21).  
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• The pathogen that causes WNS, Pseudogymnoascus destructans (Gargas et al. 2009, pp. 
151-152; Lorch et al. 2011, entire; Minnis and Lindner, 2013, p. 644) grows at cold 
temperatures ranging from 0–21 degrees C, with optimal growth temperature of 12–16 
degrees C (Verant et al. 2012, p. 3), thus it is adapted to grow in conditions characteristic 
of bat hibernacula. It grows by invading the epidermis and underlying tissues of the face, 
ears and wings of bats (Meteyer et al. 2009, entire). 

• The hosts, hibernating bats, are susceptible to infection by Pd in part because the 
physiological, physical and behavioral attributes associated with prolonged use of torpor 
present the opportunity for this cold-loving fungus to invade their tissues (Lorch et al. 
2011, p. 2; Langwig et al. 2012, p. 4; Reeder et al. 2012, p. 4). In particular, hibernating 
bats overwinter in alternating states of torpor and euthermia (i.e., arousal) to survive 
prolonged periods without eating (McNab 1982, p. 171). To use limited fat stores 
efficiently, metabolic rates are greatly reduced, along with immune functioning and other 
physiological processes (Moore et al. 2011, p. 8). 

• The environment where Pd and bats interact to cause disease is typically a winter roost 
location where bats engage in fall swarming and hibernation. The conditions of these 
locations overlap with the suitable growth requirements for Pd (Verant et al. 2012, p. 4). 
Hibernacula are often assumed to be caves and mines that provide overwinter shelter for 
large aggregations of hibernating bats, but these essential habitats take many forms and 
are used by individual bats to large, multi-species colonies. In North America, bats have 
been documented overwintering in caves, mines, rock crevices, talus, tunnels, bunkers, 
basements, bridges, aqueducts, trees, earthen burrows, leaf litter, and a variety of other 
roosts. For bats to hibernate successfully, the most important conditions are relatively 
stable- low temperatures, but generally above freezing, and high humidity (Perry 2013, p. 
28). Notably, many North American hibernating bats select winter roosts that range 
between -4 and 16 degrees C (0 degrees C to 16.7 degrees C for TCB) (summarized in 
Webb et al. 1996, p. 763). The overlap of these roost conditions and suitable growth 
conditions for Pd (reported above), combined with the behavioral and physiological 
characteristics of their torpid state, are the primary factors making hibernating bats so 
susceptible to infection by Pd. 

WNS is diagnosed histologically with the identification of “cup-like erosions” as Pd invades the 
skin tissue causing dehydration (Meteyer et al. 2009, p. 412). This fungal invasion destroys the 
protective skin tissue and disrupts water and electrolyte balance that is important to sustaining 
homeostasis through hibernation (Cryan et al. 2010, pp. 3–4; Warnecke et al. 2013, pp. 3–4). 
Likely in response to the homeostatic imbalance and irritation of the skin, Pd infection leads to 
increases in the frequency and duration of arousals during hibernation and raises energetic costs 
during torpor bouts, both of which cause premature depletion of critical fat reserves (Reeder et 
al. 2012, p. 5; McGuire et al. 2017, p. 682; Cheng et al. 2019, p. 2). As a result, WNS leads to 
starvation as sick bats run out of fat needed to support critical biological functions. 

Bats suffering from WNS may exhibit a variety of behavioral changes that can alter the course of 
morbidity from the disease. In addition to altered arousal patterns, bats have been observed 
relocating to different areas of hibernacula where conditions may be advantageous for 
hibernation or disadvantageous for Pd growth (Turner et al. 2011, p. 22; Langwig et al. 2012, p. 
2; Johnson et al. 2016, p. 189). Observed changes in clustering behavior such that a greater 
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proportion of bats in a colony are seen hibernating solitarily after WNS is present rather than 
huddled with roost mates may point to a behavioral factor that affects severity of WNS (Langwig 
et al. 2012, p. 2; Kurta and Smith 2020, p. 769), but may also be a maladaptive response to 
experiencing symptoms of WNS (Wilcox et al. 2014, p. 162). In many situations, infected bats 
have been documented exiting hibernacula earlier than usual and prior to when surface 
conditions are suitable for spring emergence. Early emergence has also been observed during 
daylight hours when diurnal predators such as hawks and ravens can take advantage of bats 
weakened by disease. It is possible that bats may find water to drink and insects to prey upon at 
this time, especially in more moderate climates, thus supplementing depleted energy reserves 
(Bernard and McCracken, 2017, p. 1492–1493), but in other areas, exposure to winter conditions 
and predation pose a significant threat to animals evacuating from hibernacula. Whether within 
the roost or on the landscape, WNS causes high rates of mortality during the hibernation season 
for multiple species including TCB (Turner et al. 2011, entire; Cheng et al. 2021, entire). 

The weeks following emergence from hibernation also mark a critical period when bats incur 
energetic costs of clearing infection and recovering from over-winter sickness (Reichard and 
Kunz 2009, p. 461; Meteyer et al. 2012, p. 3; Field et al. 2015, p. 20; Fuller et al. 2020, pp. 7–8). 
Meteyer et al. (2012, p. 3) proposed that bats with WNS can also suffer from immune 
reconstitution inflammatory syndrome, or IRIS. In this potentially fatal condition, deep or 
systemic infections that developed during hibernation while immune function was down-
regulated trigger an excessive inflammatory response as immune function is upregulated in the 
spring (Meteyer et al. 2012, p. 5). Additionally, heavily compromised wing conditions resulting 
from overwinter infections and healing processes are likely to further limit foraging efficiency as 
the integrity of flight membranes is altered (Reichard and Kunz 2009, p. 462; Fuller et al. 2012, 
p. 6). These post-emergence complications can lead directly to mortality in addition to impacting 
reproductive success as a result of energetic constraints and trade-offs (Reichard and Kunz 2009, 
p. 462; Frick et al. 2010, p. 131; Field et al. 2015, p. 20; Fuller et al. 2020, pp. 7–8). 

Transmission of Pd Among Bats 

The fungus is spread via bat-bat and bat-environment-bat movement interactions (Lindner et al. 
2011, p. 246; Langwig et al. 2012, p. 1055). Transmission occurs primarily in the fall and winter 
months when bats aggregate in hibernacula (Langwig et al. 2015b, p. 4). In spring, bats that 
survive a winter exposed to Pd can rid themselves of the fungus such that individuals are largely 
free of Pd at summer roosts (Dobony et al. 2011, p. 193; Langwig et al. 2015b, p. 4). However, it 
is not uncommon for some bats to be found carrying viable Pd later into summer (Dobony et al. 
2011, p. 193; Ineson 2020, p. 104) and Pd is capable of remaining viable in hibernacula without 
bats for extended periods (Lorch et al. 2013, p. 1298). The cool, humid conditions of hibernacula 
likely serve as environmental reservoirs for the fungal pathogen where it can survive and even 
proliferate until bats return in the fall (Reynolds et al. 2015, p. 320; Hoyt et al. 2020, p. 7259). 
Generally, bats return to winter roosts in the fall and engage in social interactions that lead to 
rapid spread of Pd from the environmental reservoir to the population (Hoyt et al. 2020, p. 7256). 
However, because hibernacula may be used throughout the year by males and nonreproductive 
females who hibernate there, as well as by other species that are more transient, including long 
distance migrants, some transmission is likely to occur year round and by other mechanisms. 

Expansion of Pd in North America 
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Since it was first detected in New York, the range of Pd in North America has increased steadily 
via bat to bat transmission, although activities of humans, including scientific research, 
recreational activity, and shipping are also likely to contribute to some short and long distance 
movements (Bernard et al. 2020, p. 5–6). Simply, Pd has spread from just a small number of 
sites in New York in 2007 to hundreds of locations across the continent in just 14 years. Several 
predictive models have identified biological, geological, climatic, ecological and behavioral 
variables which are correlated with the patterns and timing of Pd spread (Hallam and Federico, 
2012, p. 270; Maher et al. 2012, p. 3; Alves et al. 2014, p. 2; Hefley et al. 2020, pp. 10–11). 
Putative barriers to Pd expansion have been hypothesized, but these generally have provided 
very short-term delays in Pd’s steady progression into uncontaminated areas (Miller-Butterworth 
et al. 2014, p. 9; Hoyt et al. 2021 p. 3). While these obstacles to natural disease spread may delay 
arrival of Pd, when the fungus does pass to them either via dispersing bats or via inadvertent 
transport by humans, it has led to disease and continued spread of the fungus (Miller-Butterworth 
et al. 2014, p. 9; Lorch et al. 2016, p. 4). Because the above published models have fallen behind 
reality in their predictions, we used two models to describe past occurrence of Pd and to predict 
its future expansion in North America (see Figure A-2A4, methods described above). 

Establishment of Pd 

With the arrival of Pd at a new location, progression of the disease proceeds similarly to many 
emerging infectious diseases through stages of invasion, epidemic, and establishment (Langwig 
et al. 2015a, p. 196; Cheng et al. 2021, p. 5). During invasion (years 0-1), the fungus arrives on a 
few bats and spreads through the colony until most individuals are exposed to and carry Pd. As 
the amount of Pd on bats and in the environmental reservoir increases, the epidemic (years 2–4) 
proceeds with high occurrence of disease and mortality. By the fifth year after arrival of Pd, the 
pathogen is established (years 5–7) in the population. Then 8 years after its arrival, Pd is 
determined to be endemic (Langwig et al. 2015a, p. 196; Cheng et al. 2022, entire). Although 
methods for detecting Pd have changed over time, it is apparent with few exceptions that 
morbidity and mortality associated with WNS occurs within a year or two after Pd has been 
observed in a population (Frick et al. 2017, pp. 627–629; Hoyt et al. 2020 p. 7259). With the 
publication by Muller et al. (2013, entire), the use of polymerase chain reaction (PCR) to confirm 
the presence of Pd became the gold standard for diagnosing WNS. This technique provided 
greater confidence in Pd detection and improved our understanding of the disease progression.  

Langwig et al. (2015b, pp. 3–4) and Hoyt et al. (2020, p. 7257) quantified the proportion of bats 
on which Pd is detected (prevalence) and the amount of Pd on bats (load) in the years after Pd 
invades and establishes itself in a site. In general, when Pd is first detectable (by PCR), a 
relatively small number of bats carry the fungus in low loads. These values increase throughout 
the first winter at varying rates among species. By the end of the first winter, Pd is detectable 
both on bats and on surfaces of the roost. In the second year after detection, Pd loads and 
prevalence pick up near where they were the previous year; prevalence and load are at 
significantly higher levels in the fall and early winter, and prevalence approaches 1 (i.e., all bats 
are infected) by mid-winter for TCB (Frick et al. 2017, p. 627). 
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There are a few exceptions in which evidence of Pd has been detected in a site and then not 
detected at that site in subsequent years. These occurrences may represent failed invasions by Pd. 
In Iowa, for example, molecular tests revealed evidence suggestive of Pd being present, but 
WNS was not confirmed at that location for several more years. In California, Pd has not been 
detected in two subsequent years after initial evidence was detected (Osborn 2021, pers. comm.). 
There are also examples that do not fit the expected disease progression described above. At 
Tippy Dam in Michigan, Pd has been present for over 5 years without indication of WNS in little 
brown bat, although northern long-eared bat are no longer observed at this location (Kurta et al. 
2020, p. 584). The factors contributing to this atypical scenario are under investigation. It has 
also been posited that WNS may have a southern limit where disease is less likely to impact 
populations (Hallam and Federico 2012, p. 277; Hoyt et al. 2021, pp. 6–7). For example, TCB in 
the coastal and far southern portions of its range may use shallower torpor or engage in periodic 
foraging through the winter, thus avoiding severe disease (Bernard et al. 2017, p. 8; Newman, 
2020, pp. 21–22). However, Sirajuddin (2018, p. 19) found that skin temperatures of TCB in the 
south does fall within the optimal range of growth for Pd during winter. Notably, Pd has been 
detected on bats overwintering in culverts in Mississippi and WNS has not manifested in the 
colony (Cross 2019, entire). Nevertheless, the overwhelming pattern has been that WNS 
develops in a population soon after the arrival of Pd. Still, because environmental reservoirs of 
the pathogen play an important role in its transmission, hibernacula that become unsuitable for 
Pd during summer (e.g., too warm or dry) may reduce the amount of fungus in the environment 
between hibernation seasons, leading to lesser or delayed development of WNS (Hoyt et al. 
2020, pp. 7257–7258). To date, these exceptions where colonies experience less severe impacts 
from WNS compared to the majority of colonies are not predictable based on geographic or 
biological features. 

Impacts of WNS 

The impacts of white-nose syndrome are severe among species that were the first observed with 
the disease. This pattern has remained true over a large area as Pd has continued to expand its 
range affecting previously unexposed colonies of hibernating bats. Four years after the discovery 
of WNS, Turner et al. (2011) estimated total declines of 75% for TCB at WNS infected winter 
colonies in Vermont, New York, and Pennsylvania. Later, with data from six states (Vermont, 
New York, Pennsylvania, Maryland, Virginia, West Virginia), Frick et al. (2015) estimated that 
median colony size decreased by 90% and TCB was extirpated from 10% of historical 
hibernacula (Frick et al. 2015, p. 5). Hoyt et al. (2021, p. 7) summarized overall TCB declines 
from WNS to be 95% in the Northeast and 99% the Midwest. Using data from 27 states and 2 
provinces, the most complete dataset available at the time, Cheng et al. (2021, p. 7) reported 
similar patterns. They estimated that WNS has caused a 90–100% decline in TCB across 59% of 
the range (Figure 4.4.; Cheng et al. 2021, p. 7). Although there are ecological and environmental 
differences across the currently affected regions of North America, WNS has consistently caused 
significant declines in TCB populations (Figure 4.6), with very few examples of colonies that are 
avoiding impacts (Figure 4.6). 

Conservation Measures Associated with WNS 
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There are multiple national and international efforts underway in attempt to reduce the impacts 
of WNS. To date, there are no proven measures to reduce the severity of impacts.  

Efforts associated with the national response to WNS were initially aimed at determining the 
cause of the disease and reducing or slowing its spread. The response broadened and was 
formalized by the National Plan for Assisting States, Federal Agencies, and Tribes in Managing 
White-nose Syndrome in Bats which provides the strategic framework for implementation of a 
collaborative, national response to WNS by state, Federal, Tribal and non-governmental partners 
(USFWS 2011). The U.S. plan integrates closely with a sister plan for Canada, assuring a 
coordinated response across much of North America. Implementation of the WNS National Plan 
is overseen by executive and steering committees comprising representation from the 
Department of Interior, Department of Agriculture, Department of Defense, and State wildlife 
agencies under the authority of a multi-species recovery team under the ESA, with the USFWS 
serving the lead coordinating role. In 2021, the WNS National Plan is being revised to reflect 
current state of knowledge and identify key elements to continue to effectively respond to this 
disease. Goals and actions address the greatest needs and knowledge gaps to be pursued, 
including: coordinated disease surveillance and diagnostic efforts; inter-programmatic data 
management; development and implementation of disease management, conservation and 
recovery strategies; and communication and outreach among partners and with the public. These 
efforts are also supported by the North American Bat Monitoring Program (NABat), which is co-
led by USGS and USFWS, to integrate data across jurisdictional borders in support of population 
level information that supports management decisions at different scales. Actions under the 
National Plan are intended to be supported through multiple funding programs in different 
agencies. For several years, many state, Federal, Tribal, and private partners have annually 
provided funding and physical efforts or both toward WNS research. For its part, the USFWS 
supports management activities of many partners, research to address key information needs, and 
development and application of management solutions. The USFWS maintains a website 
(www.whitenosesyndrome.org) and social media accounts to address many of the 
communication needs for both internal and external audiences. 

Over 100 state and Federal agencies, Tribes, organizations and institutions are engaged in this 
collaborative work to combat WNS and conserve affected bats. Partners from all the states in 
TCB’s range, Canada, and Mexico are engaged in collaborations to conduct disease surveillance, 
population monitoring, and management actions in preparation for or response to WNS.  

B: Wind 

Background 

Wind power is a rapidly growing portion of North America’s clean energy sector due to its small 
footprint, lack of carbon emissions, changes in state’s renewable energy goals, and recent 
technological advancements in the field allowing turbines to be placed in less windy areas. As of 
2019, wind power was the largest source of renewable energy in the country, providing 7.2% of 
U.S. energy (American Wind Energy Association (AWEA) 2020, p. 1). Modern utility-scale 
wind power installations (wind facilities) often have tens or hundreds of turbines installed in a 
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given area, generating hundreds of MW of energy each year. Installed wind capacity in the U.S. 
as of October 2020 was 104,628 MW (Hoen et al. 2018, entire; USFWS unpublished data).  

Wind related mortality of TCB, while often overshadowed by the disproportionate impacts to 
tree bats and by the enormity of WNS, is also proving to be a consequential stressor at local and 
regional levels. The remarkable potential for bat mortality at wind facilities became known 
around 2003, when post-construction studies at the Buffalo Mountain, Tennessee, and 
Mountaineer, West Virginia, wind projects documented the highest bat mortalities reported at the 
time8 (31.4 bats/MW and 31.7 bats/MW, respectively; Kerns and Kerlinger 2004, p. 15; 
Nicholson et al. 2005, p. 27). Bat mortalities continue to be documented at wind power 
installations across North America. 

Mechanism Behind Bat Mortality 

Most bat mortality at wind energy projects is caused by direct collisions with moving turbine 
blades (Grodsky et al. 2011, p. 920; Rollins et al. 2012, p. 365). Barotrauma--a rapid air pressure 
change causing tissue damage to air-containing structures such as the lungs—may also contribute 
to bat mortality (Baerwald et al. 2008, pp. 695–696; Cryan and Barclay 2009, p. 1331; Rollins et 
al 2012, p. 368-369; Peste et al. 2015, p. 11), although impact trauma is likely the cause of most 
wind-related bat mortality (Lawson et al. 2020; entire). Grodsky et al. (2011, p. 924) further 
hypothesize that direct collision with turbine blades may cause delayed lethal effects (i.e., injured 
bats may leave the search area before succumbing to injuries; turbines may damage bats’ ears, 
negatively affecting their ability to echolocate, navigate, and forage), thus causing an 
underestimation of true bat mortality. 

Bats may be attracted to turbines (Solick et al. 2020, entire; Richardson et al. 2021, entire), 
though support for this is limited. Some hypotheses for bat attraction to wind turbines include the 
sound of moving blades, blade motion, insect aggregations near these structures, turbines as 
potential roost structures, and turbines as mating locations (Kunz et al. 2007, pp. 317-319, 321; 
National Research Council 2007, p. 97; Cryan and Barclay 2009, pp. 1334–1335; Cryan et al. 
2014, p. 15128). Horn et al. (2008a, p. 14; 2008b, p. 126) observed bats flying within the turbine 
blade’s rotor swept zone at wind projects in New York and West Virginia and noted that bats 
were actively feeding and foraging around moving and non-moving blades (2008b, p. 130), 
while Cryan et al. (2014, p. 15127) observed bats altering course towards turbines using thermal 
imagery. 

Bat mortality tends to exhibit a seasonal pattern, with mortality peaking generally in the late 
summer and early fall (Erickson et al. 2002, p. 39; Arnett et al. 2008, p. 65; Taucher et al. 2012, 
pp. 25–26; Bird Studies Canada et al. 2018, pp. 28, 32, 33, and 46). Based on our analysis, 6.5%, 
25.5%, and 68% of bat fatalities occur during the spring, summer, and fall periods, respectively 
(USFWS 2016, pp. 4-12–4-15). Temperature and wind speed may also indirectly influence bats 
collision risk with wind turbines. Bat activity is higher during nights of low wind speed and 
warmer temperatures (Arnett et al. 2006, p. 18), and is lower during periods of rain, low 

8 Higher wind fatality rates have since been reported (e.g., Schirmacher et al. 2018, p. 52; USFWS 2019, pp. 32 and 
69). 
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temperatures, and strong winds (Anthony et al. 1981, 154–155; Erkert 1982, pp. 201–242; 
Erickson and West 2002, p. 22; Lacki et al. 2007, p. 89).  

Bat Mortality 

Bat mortality varies across wind facilities, between seasons, and among species. Consistently, 
three species–hoary bats (Lasiurus cinereus), silver-haired bats (Lasionycteris noctivagans), and 
eastern red bats (Lasiurus borealis)–comprise most of all known bat fatalities at wind facilities 
(e.g., 74–90%). The disproportionate amount of fatalities involving these species has resulted in 
less attention and concern for other bat species. However, there is notable spatial overlap 
between TCB occurrences and wind facilities and notable TCB mortality documented (Figure 
4.7). Based on October 2020 installed MW capacity (Hoen et al. 2018, entire; USFWS 
unpublished data), we estimated 3,227 TCB are killed annually at wind facilities (Table 4.1; 
Figure A-2A6; Udell et al. 2022, pp. 265–266). Similarly, Whitby et al. (2022, entire) analyses 
suggest that the impact of wind related mortality is discernible in the ongoing decline of TCB. 
Comparing a no wind (and no WNS) baseline scenario to current and future wind (and no WNS) 
scenarios, the percent change in abundance relative to the baseline no wind scenario ranges from 
a 19–21% decrease by 2030 under the current wind scenario up to a 38% decrease by 2060 under 
the future high impact wind scenario (Tables A-3D1 and A-3D2). Whitby et al. (2022, pp. 151– 
153) found a decline in the predicted relative abundance of TCB as wind energy risk index 
increased. 

Conservation Measures 

To reduce bat fatalities, some facilities “feather” turbine blades (i.e., pitch turbine blades parallel 
with the prevailing wind direction to slow rotation speeds) at low wind speeds when bats are 
more at risk (Hein et al. 2021, p. 28). The wind speed at which the turbine blades begin to 
generate electricity is known as the "cut-in speed," and this can be set at the manufacturer's speed 
or at a higher threshold, typically referred to as curtailment. The effectiveness of feathering 
below various cut-in speeds differs among sites and years (Arnett et al. 2013, entire; 
Berthinussen et al. 2021, pp. 94–106); nonetheless, most studies have shown all-bat fatality 
reductions of >50% associated with raising cut-in speeds by 1.0–3.0 meters per second (m/s) 
above the manufacturer’s cut-in speed (Arnett et al. 2013, entire; USFWS unpublished data). The 
effectiveness of curtailment at reducing species-specific fatality rates for TCB has not been 
documented. 

Our wind threat analysis incorporated available curtailment data for existing facilities, and to a 
limited degree, accounted for future curtailment (see Appendix A-2A). Although effective, 
curtailment results in energy and revenue losses, which may limit the viability of widespread 
implementation (Hein and Straw 2021, p. 28). Based on available data (USFWS, unpublished 
data), most current curtailment is implemented as part of Habitat Conservation Plans developed 
to support Incidental Take Permits or Technical Assistance Letters pursuant to the Endangered 
Species Act and detailing methods to avoid incidental take of Indiana bat; however, these areas 
with risk to Indiana bat do not fully overlap with those where TCB and other species may be 
susceptible to mortality. 
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There are many ongoing efforts to improve our understanding of bat interactions with wind 
turbines and explore additional strategies for reducing bat mortality at wind facilities. For 
example, the use of ultrasonic acoustic bat deterrents mounted on turbine towers, blades, and 
nacelles is an emerging research field showing some promise at reducing bat fatalities (Arnett et 
al. 2013, entire; Romano et al. 2019, entire; Schirmacher et al. 2020, entire; Weaver et al. 2020, 
entire; Berthinussen et al. 2021, pp. 88–91). Acoustic-activated “smart” curtailment aims to 
focus operational curtailment when bat activity is detected in real time (e.g., Hayes et al. 2019, 
entire; Berthinussen et al. 2021, pp. 105–106; Hein and Straw 2021, pp. 29–30). Additionally, 
USGS is testing whether illuminating turbines with dim ultraviolet light may deter bats from 
approaching them (Cryan et al. 2016, entire; Berthinussen et al. 2021, p. 91; Hein and Straw 
2021, pp. 23–24). Further, researchers have tested applying a textured coating to the surface of 
the turbine to alter bats’ perception of the turbine (Bennett and Hale 2019, entire; Berthinussen et 
al. 2021, pp. 87–88; Hein and Straw 2021, p. 24). These and other methods of reducing bat 
mortality are still in the research phase, and to date, there are no broadly proven and accepted 
measures to reduce the severity of impacts beyond various operational strategies (e.g., feathering 
turbine blades when bats are most likely to be active). 

C: Climate Change 

Background 

There is growing concern about impacts to bat populations in response to climate change (Jones et 
al. 2009, entire; Jones and Rebelo 2013, entire, O’Shea et al. 2016, p. 9). Jones et al. (2009, p. 94) 
identified several climate change factors that may impact bats including changes in hibernation, 
mortality from extreme drought, cold, or rainfall, cyclones, loss of roosts from sea level rise, and 
impacts from human responses to climate change (e.g., wind turbines). Sherwin et al. (2013, 
entire) reviewed potential impacts of climate change on foraging, roosting, reproduction, and 
biogeography of bats and also discussed extreme weather events and indirect effects of climate 
change. However, the impact of climate change is unknown for most species (Hammerson et al. 
2017, p. 150). In particular, there are questions about whether some negative effects will be offset 
by other positive effects, whether population losses in one part of a species' range will be offset 
by gains in other regions, and the degree to which bats can adapt by adjusting their ecological and 
phenological characteristics (Hammerson et al. 2017, p. 150). For example, Lucan et al. (2013, p. 
157) suggested that while rising spring temperatures may have a positive effect on juvenile 
survival, increasing incidence of climatic extremes, such as excessive summer precipitation, may 
counter this effect by reducing reproductive success. While there may be a variety of ways that 
climate change directly or indirectly effects TCB, here we summarize information on the effect of 
increasing temperatures and changes in precipitation. 

Increased Annual Temperature 

Global average temperature has increased by 1.7 degrees F (0.9 degrees C) between 1901 and 
2016 (Hayhoe et al. 2018, p. 76). Over the contiguous U.S., annual average temperature has 
increased by 1.2 degrees F (0.7 degrees C) for the period of 1986 to 2016 relative to 1901 to 1960 
(Hayhoe et al. 2018, p. 86). At a regional scale, each National Climate Assessment region also 
increased in temperature during that time with the largest changes in the West with average 
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increases of more than 1.5 degrees F (0.8 degrees C) in Alaska, the Northwest, the Southwest and 
the Northern Great Plans and the least change in the Southeast (Hayhoe et al. 2018, p. 86). 

Increased annual temperatures are likely to change bat activity and phenology. For example, 
increased winter temperatures may reduce hibernation period due to longer fall activity or earlier 
spring emergence (Jones et al. 2009, p. 99). Rodenhouse et al. (2009, p. 250) suggest that 
hibernation may be shortened by 4 to 6 weeks by the end of this century. Reduced hibernation 
periods may decrease the duration that individual bats are exposed to Pd and effects from WNS 
(Langwig et al. 2015a, p. 5). 

With increasing temperatures, earlier spring emergence has been documented for cave-roosting 
bats in Virginia (Muthersbaugh et al. 2019, p. 1). After earlier arrival to summer habitat, if spring 
weather remains favorable (warm, dry and calm nights providing suitable foraging conditions for 
bats), this could result in earlier parturition (Racey and Swift 1981, pp. 123–125; Jones et al. 
2009, p. 99; Linton and MacDonald 2018, p. 1086) and increased reproductive success (Frick et 
al. 2010, p. 133; Linton and MacDonald 2018, p. 1086). However, earlier emergence increases the 
risk of exposure to lethal cold snaps in Spring (Jones et al. 2009, p. 99). 

Increased temperatures may expand the suitable window for nightly foraging opportunities, 
thereby increasing per night caloric intake. Low ambient temperatures reduce flying insect 
activity and bat foraging (Anthony et al. 1981, p. 155), while higher average temperatures may 
result in more frequent suitable foraging nights, which is particularly important during the fall 
when bats are trying to accumulate extra body fat for winter hibernation. 

Bats that hibernate in temperate regions require temperatures above freezing but cool enough to 
save energy through torpor (Perry 2013, p. 28). Increased ambient surface temperatures change 
hibernacula temperatures which then influences their ability to meet the needs of hibernating bats.  
However, increased ambient surface temperatures will not affect all hibernacula or all parts of a 
given hibernaculum equally. Hibernaculum microclimate is influenced by a variety of factors 
including the size, complexity, and location of the site (Tuttle and Stevenson 1977, pp. 109–113). 
In addition, temperatures of microsites near entrances are strongly correlated to external ambient 
temperatures compared to microsites deep within hibernacula (Dwyer 1971, p. 427; Boyles 2016, 
p. 21). Therefore, changes in ambient temperatures are anticipated to result in the greatest changes 
to portions of hibernacula nearest entrances. In Texas, external temperature had a greater 
influence on microclimate temperatures in culverts than in caves, likely as a result of culvert 
design (generally being straight, with two entrances to allow for air flow) and maintenance 
(clearing of brush around entrances), whereas not all caves have multiple entrances or may have 
additional barriers (vegetation) to reduce airflow (Leivers et al. 2019, p. 5). Overall, culverts and 
caves/mines with little complexity have greatest potential for being impacted by increasing 
external temperatures. 

In warmer regions, caves and mines that trap cold air produce beneficial conditions for 
hibernacula, while in colder regions sites that trap warm air will be more suitable (Perry 2013, p. 
33; Kurta and Smith 2014, p. 595). Consequently, a northern site that is suitable today in part for 
its ability to trap warm air while surface temperatures are very low may become unsuitable as 
mean annual surface temperature increases. 
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Indiana bats have been documented to use a wide variety of microclimates within hibernacula and 
Boyles (2016, p. 34) suggests that the most valuable caves for protection might be the ones with 
the widest variety of microclimates available. Briggler and Prather (2003, p. 411) similarly found 
that more TCB were found in caves with wide temperature gradients available. These more 
complex hibernacula will be less influenced by changes in surface ambient temperatures. 

Variations in ambient temperature increase energy expenditure of hibernating bats (Boyles and 
McKechnie 2010, p. 1645); therefore, stable microsites may be advantageous (Johnson et al. 
2021, entire). Increased ambient temperatures may reduce reliance on relatively stable 
temperatures associated with underground hibernation sites (Jones et al. 2009, p. 99). However, 
variation in ambient temperature (e.g., increased temperatures in the spring) may decrease the 
energetic costs of arousing from hibernation and serve as a signal that surface conditions are 
suitable for emergence and foraging (Boyles 2016, p. 36). 

Increased hibernacula temperatures may influence overwinter survival rates. If more frequent bat 
arousals occur, bats will burn through fat reserves more quickly. While insect abundance may 
also increase in winter, it is unknown whether they will become sufficiently abundant to offset the 
increased energetic costs associated with more frequent arousal by bats (Rodenhouse et al. 2009, 
p. 251; Jones and Rebelo 2013, p. 464). Changes to hibernacula temperatures could potentially 
alter the severity of WNS in these sites (Martínková et al. 2018, p. 1747). For example, a 
hibernaculum with temperature below the optimal growth rate for Pd could shift into the optimal 
temperature range, thus increasing infection at the site. 

Lastly, increased temperatures may result in range shifts of bats and forest communities, and 
increases in invasive species. With increasing temperatures, a poleward range expansion of 
temperate-zone species is predicted (Humphries et al. 2004, p. 154). Kuhl's pipistrelle 
(Pipistrellus kuhlii) has already undergone a substantial northward range shift over the past 15 
years (Jones et al. 2009, p. 100), and Lundy et al. (2010, entire) suggested that the migratory 
Nathusius’ pipistrelle (Pipistrellus nathusii) has expanded its range in the United Kingdom in 
response to climate change and will likely continue to expand. The ranges of European bats are 
forecasted to show considerable shifts, with species in the Boreal Zone experiencing the greatest 
change and risk of extinction (Rebelo et al. 2010, p. 568). Many species have little or no overlap 
between their current and predicted range and face enhanced extinction risk (Rebelo et al. 2010, p. 
572). 

Any northern range shifts, however, will be limited based on availability of suitable hibernacula 
and energetic requirements for hibernation and migration. Humphries et al. (2002, p. 315) 
predicted that minimum accumulated fat stores of little brown bats are currently inadequate for 
surviving hibernation throughout the northern portions of the Canadian provinces and the 
maximum possible fat stores are inadequate for most of Alaska and Canadian territories. When 
considering a predicted increase of 6 to 8 degrees C (10.8 to 14.4 degrees F), the region of 
suitable hibernation is expected to expand with a northward shift of approximately 6 km (3.7 mi) 
per year over the next 80 years (Humphries et al. 2002, pp. 315–316) (Figure A-4C1). 
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Figure A-4C1. Observed and predicted little brown bat range distributions in northern 
North America (from Humphries et al. 2002, Figure 3). 

While more northerly sites may become suitable for hibernation, there may be other constraints 
on successful recruitment at higher latitudes. The active season is shorter in higher latitudes or 
elevations which may be particularly important for juveniles. Juvenile little brown bats take 
longer than adults to gain sufficient fat stores for hibernation and shorter active seasons limit 
their capacity to grow and fatten before their first winter (Kunz et al. 1998, pp. 10–13; 
Humphries et al. 2002, p. 315). Higher elevations have similar climatic influences as higher 
latitudes and significantly fewer reproductive female little brown bats are captured at higher 
elevations in Pennsylvania, West Virginia and Virginia with a similar pattern for TCB in West 
Virginia (Brack et al. 2002, pp. 24–26).  

While bats may be more flexible than other mammals in shifting their ranges, given their ability 
to fly, the ability of individuals to reach new climatically suitable areas will be impacted by loss 
and fragmentation of habitat (Thomas et al. 2004, p. 147). The availability of suitable roosts may 
be one of the most limiting resources for bats (Scheel et al. 1996, p. 453). This may be of special 
concern for tree-dwelling bats since the rate of climate change may be too fast to allow the 
development of mature forests in the new climatically suitable areas in the north (Rebelo et al. 
2010, p. 573). 

Changes in Precipitation 

Increased temperatures interact with changes in precipitation patterns and results may differ 
regionally. Annual average precipitation has increased by 4% since 1901 across the entire U.S. 
with increases over the Northeast, Midwest and Great Plains and decreases over parts of the 
Southwest and Southeast (Easterling et al. 2017, p. 208; Hayhoe et al. 2018, p. 88) (Figure A-
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4C2). The frequency and intensity of heavy precipitation events across the U.S. have increased 
more than increases in average precipitation (Hayhoe et al. 2018, p. 88). 

Figure A-4C2. Annual and seasonal changes in precipitation over the U.S. Changes are 
the average for present-day (1986–2015) minus the average for the first half of the last 
century (1901–1960 for the contiguous U.S., 1925–1960 for Alaska and Hawaii) divided 
by the average for the first half of the century (from Easterling et al. 2017, Figure 7.1). 

In arid regions, any further reductions in water availability from human uses, reductions in 
snowpack, or droughts will amplify existing constraints. Spring snow cover extent and maximum 
snow depth has declined in North America and snow water equivalent and snowpack has 
declined in the western U.S. (Hayhoe et al. 2018, p. 90). Bats rely on access to free water for 
thermoregulation, foraging, and reproduction (Adams and Hayes 2008, pp. 1117–1119). In the 
Rocky Mountains, for example, drought and reduced standing water appears associated with 
decreased reproduction in bats (Adams 2010, entire). Years that were hotter and drier had a 
higher incidence of nonreproductive females (Adams 2010, pp. 2440–2442) (Figure A-4C3). 
While cooler and wetter springs resulted in shifts in parturition dates (Grindal et al. 1992, p. 342; 
Linton and MacDonald 2018, p. 1086), drought years resulted in an overall reduction in the 
percentage of bats that were reproductive at all (Adams 2010, p. 2442). Readily available water 
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sources appear to be particularly important during lactation (Adams and Hayes 2008, pp. 1117– 
1120). 

Figure A-4C3. Relationships between the frequency of nonreproductive females captured 
from 1996 through 2008 and (a) mean high temperature, (b) mean precipitation, and (c) 
stream discharge rate (from Adams 2010, Figure 2). 

In temperate regions, increased cumulative annual rainfall may lead to increases in the 
abundance of insects such as dipterans and lepidopterans and is correlated with higher survival 
rates for the little brown bat (Frick et al. 2010, pp. 131–133). Frick et al. (2010, p. 133) suggest 
that increased insect abundance associated with higher moisture availability was the likely driver 
and this relationship may vary based on the timing of precipitation. Drying summer conditions 
may negatively impact aquatic insect prey and therefore, bats in the northeastern U.S. 
(Rodenhouse et al. 2009, p. 250; Frick et al. 2010, p. 133). Small mammals with high energy 
demands like bats, may be particularly vulnerable to changes in food supply (Rodenhouse et al. 
2009, p. 250).  
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More precipitation has been falling as rain rather than snow in many parts of the central and 
eastern U.S. (Hayhoe et al. 2018, p. 90). For example, increased winter temperatures are 
associated with decreases in Great Lakes ice cover and increases in winter precipitation 
occurring as rain. The extent and duration of lake ice on the Great Lakes are two of the principal 
factors controlling the amount of lake-effect snow (provided the air temperatures are sufficiently 
cool). When large areas of the lakes are covered with ice, the moisture cycle that generates lake-
effect snow systems is greatly diminished (Brown and Duguay 2010, p. 692). During the first 
half of the 20th century there was an increase in snowfall in the Great Lakes Basin; however, 
recent studies have shown a decline through the latter half of the 20th and early 21st century 
(Baijnath-Rodino et al. 2018, p. 3947). Similarly, Suriano et al. (2019, pp. 4) found a reduction 
in snow depth in the Great Lakes Basin of approximately 25% from 1960–2009. Trends in 
snowfall and snow depth during this timeframe are variable by subbasin (Suriano et al. 2019, pp. 
5–6) and there was a significant increase of the number of ablation events (i.e., snow mass loss 
from melt, sublimation, or evaporation) in many areas (Suriano et al. 2019, pp. 6–7). These 
events are associated with rapid snow melt and often lead to localized flooding. Hibernacula that 
already faced periodic flooding would be expected to have an increased risk in these areas. 

While sufficient moisture is important, too much precipitation during the spring can also result in 
negative consequences to insectivorous bats. During the precipitation events there may be 
decreased insect availability and reduced echolocation ability (Geipel et al. 2019, p. 4) resulting 
in decreased foraging success. Precipitation also wets bat fur, reducing its insulating value 
(Webb and King 1984, p. 190; Burles et al. 2009, p. 132) and increasing a bat’s metabolic rate 
(Voigt et al. 2011, pp. 794–795). Given these consequences, bats are likely to reduce their 
foraging bouts during these heavy rain events. 

There is a balancing act that insectivorous bats perform, balancing the costs of flight, 
thermoregulation and reproduction versus energetic gains from foraging. When female bats 
arrive at maternity areas in the spring, they are stressed after a lengthy hibernation period, a 
potentially long migration, and the demands of early pregnancy. During this period when their 
energetic and nutritional requirements are highest, food (flying insects) is relatively scarce, due 
to cool and wet weather (Kurta 2005, p. 20). Adverse weather, such as cold spells, increases 
energetic costs for thermoregulation and decreases availability of insect prey (the available 
energy supply). Bats may respond to a negative energy balance by using daily torpor which 
conserves consumed and stored energy, and probably minimizes mortality. This has significant 
implications for their survival or reproduction. 

Also, as mentioned above, increased rainfall during pregnancy and lactation may delay 
parturition or reduce reproductive success (Racey and Swift 1981, pp. 123–125; Grindal et al. 
1992, p. 128; Burles et al. 2009, pp. 135–136; Linton and MacDonald 2018, p. 1086). Some 
females may not bear pups in years with adverse weather conditions (Barclay et al. 2004, p. 691). 
Young bats who are born and develop later in the season have less time to develop to 
successfully forage and to build the fat stores needed to meet the energy demands of migration 
and hibernation (Humphrey 1975, p. 339). Frick et al. (2010, pp. 131–132) found that little 
brown bats born even a few weeks later in the summer have significantly lower first-year 
survival rates and are significantly less likely to return to the maternity colony site to breed in 
their first year. 
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Early in the summer, females are under heavy energy requirements to supply their developing 
fetuses. After giving birth, the adult females experience increased energy needs due to the 
requirements of lactation and the need to return to the roost during night foraging times to feed 
their nonvolant pups (Murray and Kurta 2004, p. 4). 

Later in the summer as the pups become volant, these inexperienced and relatively inefficient 
flyers must expend increased levels of energy as they are growing and learning to feed. Once 
weaned, young-of-the-year bats must consume enough on their own to migrate to hibernacula 
and store sufficient fat for the coming winter. 

Interaction with WNS-affected Bats 

Regardless of the source of increased stress (e.g., reduced foraging, reduced free standing water), 
because of WNS, there are additional energetic demands for bats. Because WNS causes 
premature fat depletion, affected bats have less fat reserves than non-WNS-affected bats when 
they emerge from hibernation (Warnecke et al. 2012, pp. 2–3) and have wing damage (Meteyer 
et al. 2009, p. entire; Reichard and Kunz 2009, entire) that makes flight (migration and foraging) 
more challenging while also bringing the energetic cost of healing (Davy et al. 2017, p. 705; 
Fuller et al. 2020, p. 8; Meierhofer et al. 2018, p. 487). 

Females that migrate successfully to their summer habitat must partition energy resources 
between foraging, keeping warm, sustaining fetal development and recovering from the disease. 
Bats may use torpor to conserve energy during cold, wet weather when insect activity is reduced 
and increased energy is needed to thermoregulate. However, use of torpor reduces healing 
opportunities as immune responses are suppressed (Field et al. 2018, p. 3731). 

Dobony et al. (2011, entire) observed a little brown bat colony prior to and after onset of WNS 
impacts and found evidence of lower reproductive rates in the years immediately after WNS was 
first documented to affect the colony. Francl et al. (2012, p. 36) observed a reduction in juveniles 
captured pre- and post-WNS in West Virginia, suggesting similarly reduced reproductive rates. 
Meierhofer et al. (2018, p. 486) found higher resting metabolic rates in WNS-infected (vs. 
uninfected) little brown bats suggesting additional energy costs during spring in WNS survivors. 

Future climate conditions 

Over the next few decades, annual average temperature over the contiguous U.S. is projected to 
increase by about 2.2 degrees F (1.2 degrees C), relative to 1985–2015 regardless of future 
scenario (Hayhoe et al. 2018, p. 86; Figure A-4C4). Larger increases are projected by late 
century of 2.3–6.7 degrees F (1.3–3.7 degrees C) under RCP4.5 and 5.4–11.0 degrees F (3.0–6.1 
degrees C) and 5.4 to 11.0 degrees F (3.0–6.1 degrees C) under RCP8.5, relative to 1986–2015 
(Hayhoe et al. 2018, p. 86). For the period of 2070–2099 relative to 1986–2015, precipitation 
increases of up to 20–30% are projected in winter and spring for northcentral U.S. and Alaska, 
respectively, with decreases by 20% or more in the Southwest in spring (Hayhoe et al. 2018, p. 
88). The frequency and intensity of heavy precipitation events are expected to continue to 
increase across the U.S., with the largest increases in the Northeast and Midwest (Hayhoe et al. 
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2018, p. 88). Projections show large declines in snowpack in the western U.S. and shifts of snow 
to rain in many parts of the central and eastern U.S. (Hayhoe et al. 2018, p. 91). 

TCB’s response to these changes are expected to be similar to what has already been observed in 
North American insectivorous bats, such as the little brown bat (see above). This includes 
reduced reproduction due to drought conditions leading to declines in available drinking water 
(Adams 2010, pp. 2440–2442) and reduced adult survival during dry years in the Northeast 
(Frick et al. 2010, pp. 131–133). However, the timing of rain events is also important as reduced 
reproduction has been observed during cooler, wetter springs in the Northwest (Grindal et al. 
1992, pp. 342–343; Burles et al. 2009, p. 136). Magnitudes of responses will likely vary 
throughout TCB’s range and on how much the annual temperature actually rises in the future. 

Figure A-4C4. Observed and Projected Changes in Annual Average Temperature (from 
Hayhoe et al. 2018, Figure 2.4). 

Climate change may additionally impact TCB in ways that are more difficult to measure. This 
may include phenological mismatch (e.g., timing of various insect hatches not aligning with key 
life history periods of spring emergence, pregnancy, lactation, or fall swarming). In addition, 
there may be shifts in distribution of forest communities, invasive plants, invasive forest pest 
species, or insect prey. Long-term increases in global temperatures are correlated with shifts in 
butterfly ranges (Parmesan et al. 1999, entire; Wilson et al. 2007, p. 1880; Breed et al. 2013, p. 
142) and similar responses are anticipated in moths and other insect prey. Milder winters may 
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result in range expansions of insects or pathogens with a distribution currently limited by cold 
temperatures (e.g., hemlock woolly adelgid, southern pine beetle) (Haavik 2019). 

Climate change has also resulted in a rise of global sea level by about 7 to 8 inches (16 to 21 
centimeters) since 1993 and relative to the year 2000, sea level is very likely to rise 1 to 4 feet 
(0.3 to 1.3 meters) (Hayhoe et al. 2018, p. 83). Relative sea level rise is projected to be greater 
than the global average along the coastlines of the Northeast and western Gulf of Mexico 
(Hayhoe et al. 2018, p. 99), which may reduce access to cave roosts along low-lying coastal 
areas (Jones et al. 2009, p. 101). 

Additionally, there are questions about whether some negative effects will be offset by other 
positive effects, whether population losses in one part of TCB’s range will be offset by gains in 
other regions, and the degree to which bats can adapt by adjusting their ecological and 
phenological characteristics (Hammerson et al. 2017, p. 150). For example, Lucan et al. (2013, p. 
157) suggested that while rising spring temperatures may have a positive effect on juvenile 
survival, increasing incidence of climatic extremes, such as excessive summer precipitation, may 
counter this effect by reducing reproductive success.  

D: Habitat Loss 

Background 

As discussed in Chapter 2, TCB require suitable forest habitat for roosting, foraging, and 
commuting between those habitats during spring, summer, and fall. Wetlands and water features 
are also important for foraging and serve as drinking water sources. There are a variety of 
reasons for roosting, foraging, and commuting habitat loss within the range of TCB. Hammerson 
et al. (2017, entire) assessed the scope and severity of threats to bats and determined the highest 
projected threats included: invasive species and diseases (particularly WNS); energy production 
and mining, especially wind energy; human intrusions and disturbance of primarily cave- or 
mine-dwelling species; and biological resource use, such as forest conversion. Tree cutting and 
wetland loss can occur from a variety of sources (e.g., development, energy production and 
transmission, transportation projects). These activities leading to the loss of roosting and 
foraging habitat are increasing across TCB’s range (USFWS 2015, p. 17991; Oswalt et al. 2019, 
p. 17) and may result in impacts to TCB.  

Past and Current Habitat Loss 

The USFS (2014, p. 7) summarized U.S. forest trends and found a decline from 1850 to the early 
1900s, and a general leveling off since that time; therefore, conversion from forest to other land 
cover types has been fairly stable with conversion to forest (cropland reversion/plantings). In 
addition, the USFS reviewed U.S. forest trends through 2017 and found forest area trended 
upward from 1987–2012, but since 2012 appears to have reached a plateau (2019, p. 4). 

In addition to reviewing these reports, we examined more recent (2006–2016) changes in various 
NLCD landcover classes within each RPU in the continental U.S. Forest landcover increased 
overall (primarily based on increases in coniferous forest in the Southern RPU). However, 
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deciduous forest landcover decreased across all RPUs by 768,903 ha (1,900,000 ac) for an 
average loss of 76,890 ha (190,000 ac) per year and coniferous forest decreased in both the 
Northern and Eastern RPUs (Table A-4D1). Other cover types that provide foraging 
opportunities such as emergent wetland cover types also decreased across all RPUs by 687,966 
ha (1,700,000 ac). 

Table A-4D1. Changes in land cover types in acres (NLCD 2006-2016) by TCB RPU. 
NLCD Lower 48 2006-2016 TCB Representation Units – Δ Acres 
Land Cover Type Northern Eastern Southern All Units 
No Data 0 0 0 0 
Open Water 403201 -54478 158744 507467 
Developed, Open Space 227144 47603 328783 603530 
Developed, Low Intensity 305072 80143 493413 878628 
Developed, Medium Intensity 397935 106263 580635 1084833 
Developed, High Intensity 176968 43008 223158 443134 
Barren Land 28274 -6241 -2119 19913 
Deciduous Forest -299557 -464127 -1195633 -1959317 
Evergreen Forest -151629 -18069 1778105 1608407 
Mixed Forest 335074 -15987 140023 459110 
Shrub/Scrub 490801 386026 -1212135 -335309 
Grassland/Herbaceous -3632147 25255 -543963 -4150855 
Pasture/Hay -3257867 -253408 -1459287 -4970562 
Cultivated Crops 5070264 90132 848862 6009257 
Woody Wetlands 777936 74636 645345 1497918 
Emergent Herbaceous Wetlands -871468 -40755 -783931 -1696154 
Forest change over 10 years 661824 -423547 1367840 1606117 

Forest ownership varies widely across the species’ range in the U.S. As of 2017, private 
landowners owned approximately 60% of forests (Oswalt et al. 2019, p. 7). Private lands do not 
carry the same level of regulatory certainty as do Federal lands, a factor that must be considered 
when assessing risk of forest loss now and in the future (USFWS 2015, p. 17990). Private land 
ownership is approximately 81% in the East and 30% in the western U.S. (USFS 2014, p. 15).  

Future Habitat Loss 

The 2010 Resources Planning Act (RPA) Assessment (USFS 2012, entire) and 2016 RPA 
Update (USFS 2016, entire) summarized findings related to the status, trends, and projected 
future of U.S. forests and rangeland resources. This assessment was influenced by a set of future 
scenarios with varying assumptions with regard to global and U.S. population, economic growth, 
climate change, wood energy consumption, and land use change from 2010–2060 (USFS 2012, 
p. xiii). The 2010 Assessment projected (2010–2060) forest losses of 6.5–13.8 million ha (16–34 
million acres or 4–8% of 2007 forest area) across the conterminous U.S., and forest loss is 
expected to be concentrated in the southern U.S., with losses of 3.6–8.5 million ha (9–21 million 
acres) (USFS 2012, p. 12). The 2010 Assessment projected limited climate effects to forest lands 
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spread throughout the U.S. during the projection period, but effects were more noticeable in the 
western U.S. The projections were dominated by conversions of forested areas to urban and 
developed land cover (USFS 2012, p. 59). The 2016 Update incorporated several scenarios 
including increasing forest lands through approximately 2022 and then leveling off or declines of 
forest lands (USFS 2016, p. 8-7). However, TCB are found roosting in mature forest stands 
significantly more often than in younger stands given that regenerating young forests lack the 
structural diversity preferred by roosting TCB (e.g., broken tree branches with dead leaf clusters) 
(Veilleux et al. 2003, p. 1072; Perry and Thill 2007, p. 978; Thames 2020, pp. 32–34). In 
addition, where roosting and foraging habitat is removed, impacts are greater to the species 
where the species has been impacted by WNS. 

Impacts to bats 

Forest removal may result in the following impacts to TCB: loss of suitable roosting or foraging 
habitat, longer flights between suitable roosting and foraging due to habitat fragmentation of 
remaining forest patches, fragmentation of maternity colonies due to removal of travel corridors, 
and direct injury or mortality (during active season tree removal). 

Loss of roosts →death or injury 
TCB may be directly affected by forest habitat loss by removal of occupied roost trees (Belwood 
2002, p. 193; McAlpine et al. 2021, p. 2) or loss of roosting and foraging habitat (Farrow and 
Broders 2011, p. 177). While roosting bats can sometimes flee during tree removal, removal of 
occupied roosts is likely to result in direct injury or mortality to some bats (McAlpine et al. 2021, 
p. 2). This is particularly likely during cool spring months (when bats enter torpor) and if 
flightless pups or inexperienced flying juveniles are also present. 

Loss of roosts → colony fragmentation → smaller colonies → reduced thermoregulation, 
reduced information sharing → increased energy expenditure → 

• reduced pregnancy success 
• reduced pup survival 
• reduced adult survival 

Loss of roosts, foraging habitat, or travel corridors → displacement → increased flights → 
increased energy expenditure → 

• reduced pregnancy success 
• reduced pup survival 
• reduced adult survival 

Although loss of a roost is a natural occurrence that temperate bat species must cope with 
regularly due to the ephemeral nature of tree roosts, the loss of many roosts or an entire home 
range may result in impacts at the colony level. Bats switch roosts for a variety of reasons, 
including temperature, precipitation, predation, parasitism, sociality, and ephemeral roost sites 
(Carter and Feldhamer 2005, p. 264). TCB are known to switch roosts (Veilleux and Veilleux 
2004a, p. 197; Quinn and Broders 2007, p. 19; Poissant et al. 2010, p. 374); therefore, TCB 
likely can tolerate some loss of roosts, provided suitable alternative roosts are available (see 
Chapter 2). However, loss of central or important roosts has caused colony fragmentation in the 
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northern long-eared bat. For example, Silvis et al. (2015, pp. 6–12) found a loss of approximately 
17% of roosts may begin to cause colony fragmentation; however, we have no additional 
information specific to TCB. One of the most prominent advantages of colonial roosting is the 
thermoregulatory benefit (Humphrey et al. 1977, pp. 343–344; Kurta et al. 1996, entire). 
Therefore, smaller colonies are expected to provide fewer thermoregulatory benefits for adults in 
cool spring temperatures and for nonvolant pups at any time. 

If bats are required to search for new roosting or foraging habitat and to find the same habitats as 
the rest of their colony finds in the spring, it is reasonable to conclude that this effort places 
additional stress on pregnant females at a time when fat reserves are low or depleted and they are 
already stressed from the energy demands of migration and pregnancy. In addition, removal of 
roosting or foraging habitat may result in longer travel distances between sites used for roosting 
and foraging. The increased energetic cost of longer commuting distances may result in 
maternity colony disruption and may be particularly important for pregnant and lactating females 
(Lacki et al. 2007, p. 89) and therefore, reproductive success. TCB emerge from hibernation with 
their lowest annual fat reserves and return to their summer home ranges. Loss or alteration of 
roosting or foraging habitat puts additional stress on species with strong summer site fidelity 
(Allen 1921, p. 54; Veilleux and Veilleux 2004a, p. 197). Reproduction is one of the most 
energetically demanding periods for temperate-zone bats (Broders et al. 2013, p. 1174). Female 
TCB produce a maximum of two pups per year; therefore, loss of just two pups results in loss of 
that entire year’s recruitment for females. Limited reproductive potential severely limits the 
ability of bat populations to respond quickly to perturbations. 

Interaction with WNS-affected Bats 

Similar to climate change, there are interacting effects of habitat loss with effects from WNS. 
Regardless of the source of increased stress on bats (roost or foraging habitat removal), because 
of WNS, there are additional energetic demands for bats associated with healing (Fuller et al. 
2020, p. 7). Because WNS causes more frequent arousals (Reeder et al. 2012, pp. 6–9) and fat 
depletion, affected bats have less fat reserves than non-WNS-affected bats when they emerge 
from hibernation (Warnecke et al. 2012, p. 7001) and have wing damage (Meteyer et al. 2009, 
entire; Reichard and Kunz 2009, entire) that makes flight (migration and foraging) more 
challenging. Females that migrate successfully to their summer habitat must partition energy 
resources between foraging, keeping warm, sustaining fetal development and recovering from 
the disease. With increased flights to find suitable habitat or between roosting and foraging 
habitat comes a trade-off for sufficient energy for survival, recovering from WNS, successful 
pregnancy or successful rearing of pups. 

Roosting/Foraging/Commuting Habitat Loss Conservation Measures 

All states have active forestry programs with a variety of goals and objectives. Several states 
have established habitat protection buffers around known Indiana bat hibernacula that will also 
serve to benefit TCB by maintaining sufficient quality and quantity of swarming habitat. Some 
states conduct some of their own forest management activities in the winter within known 
federally listed endangered and/or threatened bat home ranges, as a measure that would protect 
maternity colonies and nonvolant pups during summer months. The USFWS routinely works 
with project sponsors and Federal agencies to minimize the amount of forest loss associated with 

140 



 

 

 
 

 
   

  
 

 
   

 
  

   
 

 
 

 
 

  
 

 
 

  
 

 
  

    
   

  
  

  

 
 

    
 

 
 

 

     
 

 
  
  

their projects and to provide mitigation for impacts associated with forest loss within the range of 
the federally listed Indiana bat. Examples of largescale efforts to address impacts associated with 
habitat loss include: rangewide transportation consultation for Indiana bats and northern long-
eared bat9, NiSource Habitat Conservation Plan10, and rangewide in-lieu fee program for Indiana 
bats. Many of the beneficial actions associated with these and similar efforts may benefit TCB if 
they occur in overlapping ranges.  

Depending on the type and timing of activities, forest management can be beneficial to bat 
species (e.g., maintaining or increasing suitable roosting and foraging habitat). Forest 
management that results in heterogeneous (including forest type, age, and structural 
characteristics) forest habitat appears to benefit North American tree roosting bats (Silvis et al. 
2016, p. 37). For example, creation of small canopy openings could increase solar exposure to 
roosts, leading to warmer conditions that result in more rapid development of young (Perry and 
Thill 2007, p. 224). Preserving mature forest habitats should allow for increased roosting 
opportunities (Veilleux et al. 2003, p. 1072; Perry and Thill 2007, p. 978; Thames 2020, pp. 32– 
34) which may increase survival or reproductive success. Consequently, we should continue to 
pursue tried and true management approaches, such as providing for the continual recruitment of 
mature forest in landscapes with a variety of well-connected forested habitat types.  

Summary 

In summary, U.S. forest area trends have remained relatively stable with some geographic 
regions experiencing more forest loss than others in the recent past. In the future, forest loss is 
expected to continue, whether from commercial or residential development, energy production, 
or other pressures. Impacts from forest habitat removal to individuals or colonies would be 
expected to range from minor (e.g., removal of a small portion of foraging habitat in largely 
forested landscapes with robust TCB populations) to significant (e.g., removal of roosting habitat 
in highly fragmented landscapes with small, disconnected populations). In areas with little forest 
or highly fragmented forests (e.g., western U.S. and central Midwestern states), impacts from 
forest removal would likely be higher given decreased roosting opportunities and potential loss 
of connectivity between roosting and foraging habitat. 

Winter Roost Loss and Disturbance 

As discussed in Chapter 2, TCB require hibernation sites with specific microclimates and TCB 
exhibit high interannual fidelity to their hibernacula. Therefore, the complete loss of or 
modification of winter roosts (such that the site is no longer suitable) can result in impacts to 
individuals or at the population level. In addition, disturbance within hibernacula can render a 
site unsuitable or can pose harm to individuals using the site. Human entry or other disturbance 
to hibernating bats results in additional arousals from hibernation which require an increase in 
total energy expenditure at a time when food and water resources are scarce or unavailable. 

9 https://www.fws.gov/midwest/endangered/section7/fhwa/index.html 
10 https://www.fws.gov/midwest/endangered/permits/hcp/nisource/ 
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Modifications to bat hibernacula (e.g., erecting physical barriers to control cave and mine access, 
intentional or accidental filling or sealing of entries, or creation of new openings) can alter ability 
of bats to access the site (Spanjer and Fenton 2005, p. 1110) or affect the airflow and alter 
microclimate of the subterranean habitat, and thus the ability of the cave or mine to support 
hibernating bats, such as TCB. These well-documented effects on cave-hibernating bat species 
were discussed in the USFWS’s Indiana Bat Draft Recovery Plan (USFWS 2007, pp. 71–74). In 
addition to altering the thermal or humidity regime and ability of the site to support hibernating 
bats, bats present during any excavation or filling can be crushed or suffocated. Sources of these 
stressors include fill from adjacent activities, mining, and intentional closures of abandoned 
mines or cave openings to restrict access. 

Conservation Measures Addressing Hibernacula Loss and Disturbance 

Protecting TCB from disturbance during winter is essential because increased arousals from 
hibernation require greater energy expenditures at a time when food and water resources are 
scarce or unavailable. This is even more important for hibernacula impacted by WNS because 
more frequent arousals from torpor increases the probability of mortality in bats with limited fat 
stores (Boyles and Willis 2010, p. 96). 

One method of reducing disturbance at bat hibernacula is through installation of bat-friendly 
gates that allow passage of bats while reducing disturbance from human entry as well as 
avoiding changes to the cave microclimate from air restrictions (Kilpatrick et al. 2020, p. 6). 
Many state and Federal agencies, conservation organizations, and land trusts have installed bat-
friendly gates to protect important hibernation sites. The National Park Service has proactively 
taken steps to minimize effects to underground bat habitat resulting from vandalism, recreational 
activities, and abandoned mine closures (Plumb and Budde 2011, unpublished data). Further, the 
USFS has closed hibernacula during the winter hibernation period, primarily due to the threat of 
WNS, although this will reduce disturbance to bats in general inhabiting these hibernacula 
(USFS 2013, unpaginated). Because of concern over the importance of bat roosts, including 
hibernacula, the American Society of Mammalogists developed guidelines for protection of 
roosts, many of which have been adopted by government agencies and special interest groups 
(Sheffield et al. 1992, p. 707). Also, regulations, such as the Federal Cave Resources Protection 
Act (16 U.S.C. 4301 et seq.), protects caves on Federal lands. Finally, many Indiana bat 
hibernacula have been gated and some have been permanently protected via acquisition or 
easement, which provides benefits to other bats that use these sites for hibernation. 
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Appendix 5. Supplemental Future Scenario Descriptions 

A summary of the low and high impact scenarios is described below and summarized in Table 
A-5.1. 

Table A-5.1. TCB composite plausible future scenarios.  

Plausible 
Scenario 

Pd 
Occurrence 

Model 
WNS Impact 

Duration 
Wind 

Capacity 
All-bat 

Fatality Rate 
% Species 

Composition 

Low 
impact 

Pd 
Occurrence 

Model 1 

15-yr species-
specific survival 

rates 
Lower 

build-out 
Regional-
specific 

Regional-
specific 

High 
impact 

Pd 
Occurrence 

Model 2 

40-yr species-
specific survival 

rates 
Higher 

build-out 
Regional-
specific 

Regional-
specific 

WNS 
For current projections, we used the two Pd occurrence models (see Appendix 2) to assign a 
WNS stage to all known hibernacula. Table A-5.2 provides the current (2020) number of winter 
colonies in each of the five WNS stages. 

Table A-5.2. Number of TCB colonies in 2020 per WNS stage under Pd occurrence 
models 1 and 2. 

Model 
Pre-
arrival Invasion Epidemic Established 

Post-
established 

Pd occurrence 
model 1 0 (0%) 32 (2%) 421 (22%) 756 (39%) 738 (38%) 
Pd occurrence 
model 2 286 (15%) 63 (3%) 324 (17%) 271 (14%) 997 (51%) 

The difference between the low and high impact scenarios is based on past year of arrival of Pd 
and future rate of Pd spread. We used Pd Occurrence model 1 (Wiens et al. 2022, pp. 226–229) 
in our low impact scenario and Pd Occurrence model 2 (Hefley et al. 2020, entire) in our high 
impact scenario. As Pd expands its range, we expect bat populations to be impacted similarly 
across the species’ range. Thus, we apply the same WNS impacts schedule in low and high 
impact scenarios. Each hibernaculum’s population abundance trajectory is divided into three 
segments with differing λ values: a pre-Pd-arrival λ typically ≳1, a Pd-arrival λ typically <1, and 
a post-established λ that can be less than, greater than, or approximately equal to 1. From years 
since arrival (YSA) 0–6, λ varied annually based on results of the status and trends model. We 
used site specific estimates to the extent possible, although relatively few colonies had sufficient 
data from counts more than 6 YSA. Therefore, for YSA>6, λ was estimated as the average 
predicted rate of change in that time period and is held constant through YSA=15 (low impact 
scenario) and through YSA=40 (high impact scenario). Based on current information, we do not 
foresee a scenario in which Pd is eradicated from sites, and we expect the fungus will continue to 
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cause disease in populations even as some individuals exhibit resistance or tolerance to it. Thus, 
we set the duration of impacts under the high impact scenario to 40 years (i.e., the time 
throughout which WNS will affect survival in the population). To understand the sensitivity of 
the results to the duration of the disease dynamic and to fully capture the uncertainty, we used 
the shortest reasonable disease dynamic duration in the low impact scenario. Based on current 
data (i.e., data from hibernacula documented with WNS in 2008 continue to show impacts of 
disease through 2021, 14-years), 15 years is the shortest duration WNS would affect populations 
after Pd arrives. After YSA=15 (low impact) or YSA=40 (high impact), λ is assumed to return to 
pre-WNS rates (i.e., no further WNS impacts applied). 

Wind 

U.S. Current and Future Wind Capacity 

We obtained current wind capacity data for the U.S. from the USWTDB (version 3.2; Hoen et al. 
2018, entire) and corrected/incorporated curtailment information based on facility-specific, 
unpublished USFWS data. For future projections, we considered projections for 2030, 2040 and 
2050 from 4 potential sources: (1) the U.S. Department of Energy (USDOE) April 2015 Wind 
Vision report (USDOE 2015) and downloadable data; (2) the U.S. Energy Information 
Administration (USEIA) January 2020 Annual Energy Outlook (AEO) report (USEIA 2020) and 
downloadable data; (3) the USFWS April 2016 Draft Midwest Wind Multi-Species Habitat 
Conservation Plan (USFWS 2016); and (4) the National Renewable Energy Laboratory 
(NREL)’s 2020 Standard Scenarios Report (Cole et al. 2020, entire) and downloadable data. 

After exploring these data sets and their stated purposes and underlying assumptions and 
consulting with experts from the USEIA, USDOE, and NREL, we ultimately decided that the 
NREL Standard Scenarios would serve best for the purposes of our analysis. According to the 
Standard Scenarios report, it is “one of a suite of National Renewable Energy Laboratory 
(NREL) products aiming to provide a consistent and timely set of technology cost and 
performance data and define a scenario framework that can be used in forward-looking 
electricity analyses by NREL and others. The long-term objective of this effort is to identify a 
range of possible futures for the U.S. electricity sector that illuminate specific energy system 
issues. This is done by defining a set of prospective scenarios that bound ranges of technology, 
market, and macroeconomic assumptions and by assessing these scenarios in NREL’s market 
models to understand the range of resulting outcomes, including energy technology deployment 
and production, energy prices, and emissions” (Cole et al. 2020, p. iii).    

In addition to a Mid-case Scenario, which uses the reference, mid-level, or default assumptions 
for all scenario inputs, represents a reference case, and provides a useful baseline for comparing 
scenarios and evaluating trends, the NREL’s 2020 report presents 46 power sector scenarios for 
the contiguous U.S. (CONUS) that consider the present day through 2050. The NREL report 
notes, “the Standard Scenarios are not “forecasts,” and we make no claims that our scenarios 
have been or will be more indicative of actual future power sector evolution than projections 
made by others”(Cole et al. 2020, p. 1); however, our experts advised that although the NREL 
report doesn’t calculate a level of probability associated with any given scenario, the Mid-case 
Scenario is a justifiably reasonable baseline scenario for future wind deployment to use in our 
analysis.  
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After further exploring the NREL Standard Scenarios data, we discussed with USDOE and 
NREL experts the option of using high and low deployment bounds rather than, or in addition to, 
a reasonable central projection (i.e., Mid-case Scenario). Our experts agreed that this approach 
would help to capture some of the uncertainty associated with modeled projections; however, we 
were cautioned not to simply use the lowest and highest deployment scenarios since some 
scenarios might best be thought of as edge cases intended to show the sensitivity of the model to 
tweaks in assumptions rather than realistic characterizations of future deployment. Instead, we 
were advised to use the High and Low Wind Cost Scenarios as a reasonable combination of 
scenarios for our SSA analysis, and ultimately decided to apply them as lower and upper bounds, 
respectively, for the U.S. projections. 

The Mid-case, High Wind Cost, and Low Wind Cost Scenarios each implement a slightly 
different set of assumptions for electricity demand, fuel prices, electricity generation and 
technology costs, financing, resource and system conditions and more. Under the High Wind 
Cost Scenario (our lower bound or “Low Build-out Scenario”), other energy technologies 
become more cost competitive compared to new wind energy facilities or repowering existing 
sites. As wind turbines reach their end of life, more are retired than are replaced with newer 
machines, condensing where wind energy is deployed to only the most optimal sites that present 
the fewest barriers and the greatest return on investment (Straw 2021, pers. comm.). Therefore, 
under this scenario, the distribution of wind turbines across the species’ range by 2050 is reduced 
compared to 2020 build-out and total wind capacity decreased for several regions (Table A-5.3), 
although total U.S. wind capacity is projected to increase slightly. Under the Low Wind Cost 
Scenario (our upper bound, or “High Build-out Scenario), repowering existing wind energy 
facilities or installing new wind facilities is more cost competitive compared to other energy 
technologies, resulting in a broader future distribution of wind turbines across the U.S. and 
higher overall capacity compared to 2020 build-out (Table -5.3, Figures 4.9-4.11). For a 
summary of input assumptions used in the Standard Scenarios see Appendix A.1 from the 2020 
Standard Scenarios report (https://cambium.nrel.gov/). We assumed total curtailed MW per 
NREL grid cell would remain unchanged into the future unless MW capacity declined; in these 
cases, we reduced grid cell curtailment proportionally (e.g., if MW capacity is projected to 
decline from 10 to 1 MW and currently there is curtailment on 9 MW, there would be 0.9 MW 
with curtailment and 0.1 MW without curtailment; Udell et al. 2022, entire). 

Canada Current and Future Wind Capacity 

We obtained current wind capacity data for Canada from the Canada Wind Turbine Database 
(CWTD). To obtain current and future wind capacity for Canada, the SSA wind team considered 
current buildout and projections for 2030, 2040 and 2050 from two sources: (1) The Canadian 
Wind Energy Association (CanWEA); and (2) The Canada Energy Regulator (CER) Canada’s 
Energy Future 2019 Report (CER 2019). We decided that the CanWEA data would not serve 
well for our analysis because adequate projections were lacking through the future decades 
(2020–2050) for most provinces as well as the entire country. 
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The CER Canada’s Energy Future 2019 (EF 19) report is an annual report published by the 
Government of Canada starting in 2013 and presents projections for wind energy buildout and 
future capacity through 2040 through updated baseline projections from previous years.  
According to the report “the Energy Futures series explores how possible energy futures might 
unfold for Canadians over the long term. Energy Futures uses economic and energy models to 
make these projections. They are based on assumptions about future trends in technology, 
energy and climate policies, energy markets, human behavior and the structure of the economy.” 
The baseline projections EF 19 are based on one future projection scenario called the Reference 
Case. According to the report, the Reference Case is “based on a current economic outlook, a 
moderate view of energy prices and technological improvements, and climate and energy 
policies announced and sufficiently detailed for modeling at the time of analysis” (CER 2019, p. 
1). 

After we had selected the EF 2019 data for our analysis, the CER published an updated report 
(EF 20 report) in November 2020 (CER 2020). Similar to previous reports, the EF 20 report 
presents projections for wind energy buildout and future capacity through updated baseline 
projections from previous years. Unlike its predecessors, the EF 20 projects buildout scenarios 
through 2050, ten years longer than previous years. Additionally, unlike previous reports, the EF 
20 Report analyzes two buildout scenarios rather than one: the Evolving Scenario and the 
Reference (baseline) Scenario. According to the report, the Evolving Scenario “considers the 
impact of continuing the historical trend of increasing global action on climate change 
throughout the projection period. Globally, this implies lower demand for fossil fuels, which 
reduces international market prices. Advancements in low carbon technologies lead to improved 
efficiencies and lower costs. Within Canada, we assume a hypothetical suite of future domestic 
policy developments that build upon current climate and energy policies”. The 2020 Reference 
Scenario “provides an update to what has traditionally been the baseline projection in the 
Energy Futures series, the Reference Scenario. The scenario considers a future where action to 
reduce GHG emissions does not develop beyond measures currently in place. Globally, this 
implies stronger demand for fossil fuels, resulting in higher international market prices 
compared to the Evolving Scenario. Low carbon technologies with existing momentum continue 
to improve, but at a slower rate than in the Evolving Scenario” (CER 2020, p. 4). 

In addition to being more up-to-date than the 2019 data, the dual buildout scenarios included in 
the 2020 update presented an opportunity to analyze a range of scenarios rather than a single 
projection and set of assumptions. Therefore, we assigned the Evolving Scenario as an upper 
bound buildout scenario and the Reference Scenario as a lower bound scenario for our analysis. 

Table A-5.3. Wind capacity (MW) by USFWS Region and Canadian Province under 2020 and 
2050 low and high scenario build-out. 
Location Wind Capacity (MW) 

2020 Build-out 2050 Low Build-out 2050 High Build-out 
(% change) (% change) 

Region 3 27,387 15,198 (-45%) 141,573 (+417%) 
Region 6 21,280 40,944 (+92%) 83,033 (+290%) 
Region 5 6,116 7,252 (+19%) 68,946 (+1027%) 
Region 1 7,459 1,422 (-81%) 19,102 (+156%) 
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Location Wind Capacity (MW) 
Region 8 2,466 1,414 (-43%) 20,624 (+736%) 
Region 4 240 391 (+63%) 38,083 (+15768%) 
Region 2 39,964 40,511 (+1%) 116,346 (+191%) 
U.S. Total 104,912 107,132 (+2%) 487,707 (+365%) 
Alberta 1,746 6,699 (+284%) 10,286 (+489%) 
British Columbia 732 1,252 (+71%) 1,967 (+169%) 
Manitoba 258 476 (+85%) 851 (+230%) 
Ontario 5,436 5,646 (+4%) 12,300 (+126%) 
Quebec 4,330 5,830 (+35%) 6,930 (+60%) 
Atlantic Canada 873 1,408 (+61%) 2,394 (+174%) 
Saskatchewan 221 3,256 (+1373%) 5,781 (+2516%) 
Canada Total 13,597 24,569 (+81%) 40,510 (+198%) 
U.S. + Canada 118,509 131,701 (+11%) 528,217 (+346%) 
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EXECUTIVE SUMMARY 

The Pearl River map turtle (Graptemys pearlensis) is a freshwater turtle that inhabits rivers and 

large creeks with sand and gravel bottoms in the Pearl River drainage in Mississippi and 

Louisiana.  The species was separated from the Pascagoula map turtle (Graptemys gibbonsi) in 

2010, shortly after G. gibbonsi was petitioned for federal listing.  This SSA is intended to 

provide the biological support for the decision on whether to propose to list the species as 

threatened or endangered. For the Pearl River map turtle to survive and reproduce, individuals 

need suitable habitat that supports essential life functions at all life stages. Several elements 

appear to be essential to the survival and reproduction of individuals: mainstem and tributary 

reaches within the Pearl River system that have sandbars, adequate flow, adequate supply of 

invertebrate prey items including insects and mollusks, and an abundance of emergent and 

floating basking structures of various sizes.  Threats to the species include construction of 

reservoirs and dams, sand mining, excessive levels of development and agriculture, collection for 

the pet trade, invasive species, and long-term climate impacts such as prolonged flooding, 

drought, and sea level rise. Positive influences on the species include state laws and regulations 

that protect individual turtles and their habitat, and implementation of forestry best management 

practices, such as maintenance of riparian forested cover. 

We delineated five resilience units of Pearl River map turtles based on HUC8 watersheds and in 

accordance with guidance from species experts (Upper Pearl, Middle Pearl-Silver, Middle Pearl-

Strong, Bogue Chitto, and Lower Pearl). Historically, the majority of the range of the species 

was likely connected in a single interbreeding biological population, but we used the five 

analysis units in the SSA to most accurately describe trends in resiliency, forecast future 

resiliency, and capture differences in stressors among units. A recent genetics study for the 

species showed no distinct genetic structure and no evidence of isolation by distance, thus we 

consider the entire range of the Pearl River map turtle to be a single representative unit. We 

assessed current resilience using the following population and habitat factors: occupied 

tributaries, density, water quality, water engineering projects, forested riparian cover, and 

protected areas. The conditions of each of these factors were combined to classify the resilience 

of each population as high, moderate, or low. There are currently three Pearl River map turtle 

populations with moderate resilience, and two populations with low resilience (Figure EX-1). 
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Figure EX-1-Resilience of the five units of Pearl River map turtles: low (red), moderate (orange), 

high (green). 

To assess the future condition, we projected the primary current threats of land use (agriculture 

and development), potential future water engineering projects, and sea level rise into the future 

under six plausible scenarios, out to two different time steps: 2040 (20 years) and 2070 (50 

years). The six scenarios capture the range of uncertainty in the changing human population 

footprint on the landscape, current emission models, implementation of water engineering 
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projects, and how the Pearl River map turtle will respond to these changing conditions. Based on 

these factors, there are two populations predicted to substantially decrease in resilience across 

most of the future scenarios: Lower Pearl and Middle Pearl Strong.  The Lower Pearl unit faces a 

myriad of future threats, including impacts from sea level rise in the southern portion of the unit, 

substantial increases in development and agriculture, and loss of forested cover.  For the Middle 

Pearl Strong, the magnitude of decrease is most closely tied to the One Lake project.  If the One 

Lake Project moves forward within the next 50 years, areas in and around the project site are 

anticipated to be substantially negatively impacted.  The Bogue Chitto, Middle Pearl Silver, and 

Upper Pearl units are anticipated to maintain their current resilience, or only slightly decrease, as 

the main threats assessed are not anticipated to increase markedly in the future.  One caveat for 

the Bogue Chitto unit is that there is uncertainty in levels and patterns of mining in the future, 

and this has been identified as a current threat in some portions of the unit. 

Table EX-1-Anticipated magnitude and direction of change in resilience for Pearl River map 

turtles based on land use, climate change, and future water project scenarios. 

Unit Future Resilience 
Bogue Chitto Likely to maintain moderate resilience across all scenarios 
Lower Pearl Low resilience is expected to further decrease across all scenarios 
Middle Pearl Silver Likely to maintain low resilience across all scenarios 
Middle Pearl Strong Moderate resilience likely to decrease substantially 
Upper Pearl Likely to maintain moderate resilience across all scenarios 
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CHAPTER 1 – INTRODUCTION AND ANALYTICAL FRAMEWORK 

The Pearl River map turtle (Graptemys pearlensis) inhabits rivers and large creeks with sand and 

gravel bottoms in the Pearl River drainage in Mississippi and Louisiana (Lindeman 2013, p. 

298). The species was separated from the Pascagoula map turtle (Graptemys gibbonsi) in 2010 

(Ennen et al. 2010, entire), shortly after G. gibbonsi was petitioned for federal listing under the 

Endangered Species Act of 1973, as amended (Act), as a part of the 2010 Petition to List 404 

Aquatic, Riparian and Wetland Species from the Southeastern United States by the Center for 

Biological Diversity (CBD 2010, p. 559-562). The Species Status Assessment (SSA) framework 

(USFWS 2016, entire) summarizes the information compiled and reviewed by the U.S. Fish and 

Wildlife Service (Service), incorporating the best available scientific and commercial data, in 

order to conduct an in-depth review of the species’ biology and threats, evaluate its biological 

status, and assess the resources and conditions needed to maintain long-term viability. The intent 

is for the SSA to be easily updated as new information becomes available and to support all 

functions of the Endangered Species Program from Listing to Consultations to Recovery. 

The Pearl River map turtle SSA is intended to provide the biological support for the decision on 

whether to propose to list the species as threatened or endangered and, if so, to determine 

whether it is prudent to designate critical habitat in certain areas. Importantly, the SSA Report is 

not a decisional document by the Service but provides a review of available information strictly 

related to the biological status of the Pearl River map turtle. The listing decision will be made by 

the Service after reviewing this document and all relevant laws, regulations, and policies, and the 

results of a proposed decision will be announced in the Federal Register, with appropriate 

opportunities for public input.  

For the purpose of this assessment, we generally define viability as the ability of the species to 

sustain populations in its natural systems over time. Using the SSA framework (Figure 1.1), we 

consider what the species needs to maintain viability by characterizing the status of the species in 

terms of its resiliency, redundancy, and representation (Wolf et al. 2015, entire). 
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To assess viability, we use the conservation biology principles of resiliency, redundancy, and 

representation (Shaffer and Stein 2000, pp. 308-311; Wolf et al. 2015, entire). To sustain 

populations over time, a species must have the capacity to withstand: 

(1) environmental and demographic stochasticity and disturbances (Resiliency), 

(2) catastrophes (Redundancy), and 

(3) novel changes in its biological and physical environment (Representation). 

A species with a high degree of resiliency, representation, and redundancy (the 3Rs) is better 

able to adapt to novel changes and to tolerate environmental stochasticity and catastrophes. In 

general, species viability will increase with increases in resiliency, redundancy, and 

representation (Shaffer and Stein 2000, pp. 308-311; Wolf et al. 2015, entire; Smith et al. 2018, 

p. 306). 

• Resiliency is the ability of a species to withstand environmental stochasticity (normal, 

year-to-year variations in environmental conditions such as temperature and rainfall), 

periodic disturbances within the normal range of variation (fire, floods, storms), and 

demographic stochasticity (normal variation in demographic rates such as mortality and 

fecundity) (Redford et al. 2011, p. 40). Simply stated, resiliency is the ability to sustain 

populations through the natural range of favorable and unfavorable conditions. 

We can best gauge resiliency by evaluating population level characteristics such as: 

demography (abundance and the components of population growth rate -- survival, 

reproduction, and migration), genetic health (effective population size and 

heterozygosity), connectivity (gene flow and population rescue), and habitat quantity, 

quality, configuration, and heterogeneity. Also, for species prone to spatial synchrony 

(regionally correlated fluctuations among populations), distance between populations and 

degree of spatial heterogeneity (diversity of habitat types or microclimates) are also 

important considerations. 

• Redundancy is the ability of a species to withstand catastrophes. Catastrophes are 

stochastic events that are expected to lead to population collapse regardless of population 

health and for which adaptation is unlikely (Mangal and Tier 1993, p. 1083). 
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We can best gauge redundancy by analyzing the number and distribution of populations 

relative to the scale of anticipated species-relevant catastrophic events. The analysis 

entails assessing the cumulative risk of catastrophes occurring over time. Redundancy 

can be analyzed at a population or regional scale, or for narrow-ranged species, at the 

species level. 

• Representation is the ability of a species to adapt to both near-term and long-term 

changes in its physical (climate conditions, habitat conditions, habitat structure, etc.) and 

biological (pathogens, competitors, predators, etc.) environments. This ability to adapt to 

new environments-- referred to as adaptive capacity--is essential for viability, as species 

need to continually adapt to their continuously changing environments (Nicotra et al. 

2015, p. 1269). Species adapt to novel changes in their environment by either [1] moving 

to new, suitable environments or [2] by altering their physical or behavioral traits 

(phenotypes) to match the new environmental conditions through either plasticity or 

genetic change (Beever et al. 2016, p. 132; Nicotra et al. 2015, p. 1270). The latter 

(evolution) occurs via the evolutionary processes of natural selection, gene flow, 

mutations, and genetic drift (Crandall et al. 2000, p. 290-291; Sgro et al. 2011, p. 327; 

Zackay 2007, p. 1). 

We can best gauge representation by examining the breadth of genetic, phenotypic, and 

ecological diversity found within a species and its ability to disperse and colonize new 

areas. In assessing the breadth of variation, it is important to consider both larger-scale 

variation (such as morphological, behavioral, or life history differences which might exist 

across the range and environmental or ecological variation across the range), and smaller-

scale variation (which might include measures of interpopulation genetic diversity). In 

assessing the dispersal ability, it is important to evaluate the ability and likelihood of the 

species to track suitable habitat and climate over time. Lastly, to evaluate the 

evolutionary processes that contribute to and maintain adaptive capacity, it is important 

to assess [1] natural levels and patterns of gene flow, [2] degree of ecological diversity 
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occupied, and [3] effective population size. In our species status assessments, we assess 

all three facets to the best of our ability based on available data. 

Figure 1.1. Species Status Assessment Framework 

To evaluate the biological status of the Pearl River map turtle, both currently and into the future, 

we assessed a range of conditions to allow us to consider the species’ resiliency, redundancy, and 

representation (together, the 3Rs). This SSA provides an assessment of biology and natural 

history, and assesses demographic risks, stressors, and limiting factors in the context of 

determining the viability and risks of extinction for the species. 

The format for this SSA includes: (1) Species Biology (2) Species Needs (3) Influences on 

Viability (4) Current Conditions and (5) Future Conditions. This document is a compilation of 

the best available scientific and commercial information, and a description of past, present, and 

likely future risk factors to the Pearl River map turtle. 

Pearl River Map Turtle SSA V. 1.1 4 April 2021 



 

      
 
 

     

 

   

 

   

 
 

 

  

  

 

  

  

   

   

  

 

    

   

   

  

  

    

    

 

   

 

  

    

 

    

   

CHAPTER 2 – SPECIES BIOLOGY AND INDIVIDUAL NEEDS 

In this chapter, we provide biological information about the Pearl River map turtle, including its 

taxonomic history, morphological description, historical and current distribution and range, and 

known life history. We then outline the resource needs of individuals. 

2.1 Taxonomy 

Kingdom: Animalia 

Division: Chordata 

Class: Reptilia 

Order: Testudines 

Family: Emydidae 

Genus: Graptemys 

Species: Graptemys pearlensis 

Common name: Pearl River map turtle (= Pearl map turtle) 

Before 1992, all megacephalic (big-headed) map turtles from the Pearl, Pascagoula, Mobile Bay, 

and Escambia-Conecuh river systems were recognized as the Alabama map turtle (Graptemys 

pulchra) (Baur 1893, p. 675-676; Lovich and McCoy 1992, p. 294). That changed when 

morphological features were analyzed among those river systems, resulting in the name G. 

pulchra being restricted to the Mobile Bay drainages, individuals from the Escambia-Conecuh 

River system being elevated to a new species G. ernsti (Escambia map turtle), and individuals 

from the Pascagoula and Pearl River systems being elevated to the new species G. gibbonsi 

(Pascagoula map turtle,  Lovich and McCoy 1992, pp. 296-306). A molecular systematics study 

supported the division of G. pulchra into three species, although G. gibbonsi was only 

represented in the analysis by genetic material collected from individuals in the Pearl River 

drainage (Lamb et al. 1994, p. 554-559). The Pearl River map turtle was taxonomically separated 

from the Pascagoula map turtle (G. gibbonsi) in 2010 based on morphological and genetic 

differences (Ennen et al. 2010, p. 109-110). This separation was subsequently supported with a 

molecular analysis of the phylogeny of all map turtles (Graptemys; Thomson et al. 2018, p. 65). 

In contrast to these studies, another study found G. gibbonsi and G. pearlensis genetically 
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undifferentiated, both in nuclear and in mitochondrial DNA, and that previous analyses may 

represent population level variation rather than taxonomic variation (Praschag et al. 2017, p. 680-

681). For the purposes of this assessment, the Pearl River map turtle is recognized as a separate 

species from the Pascagoula map turtle, Escambia map turtle, and Alabama map turtle, and is 

considered a valid species because of morphological and genetic (mtDNA and nuclear genes) 

support and recognition by the herpetological community (Iverson et al. 2017, p. 86; Ennen et al. 

2012, p. 889.881-889.884). 

2.2 Species Description 

Map turtles (genus Graptemys) are named for the intricate pattern on the carapace that often 

resembles a topographical map. In addition to the intricate pattern, the shape of the carapace (top 

half of shell) in map turtles is very distinctive. The carapace is keeled, and many species show 

some type of knobby projections or spikes down the vertebral scutes (located down the midline 

of the carapace). Marginal scutes (located along the edge of the carapace) are also serrated and 

this trait is most pronounced in the three species of closely-related microcephalic (small-headed) 

map turtles, including the black-knobbed map turtle (G. nigrinoda), ringed map turtle (G. 

oculifera), and yellow-blotched map turtle (G. flavimaculata). Among the megacephalic clade of 

map turtles these traits are present but less pronounced in adults (Lovich and McCoy 1992, p. 

293). The megacephalic clade of map turtles includes the Pascagoula map turtle, Barbour’s map 

turtle (G. barbouri), the Escambia map turtle, the Pearl River map turtle, and the Alabama map 

turtle. This group has the largest adult female body size and greatest degree of sexual 

dimorphism in the genus Graptemys, with adult females being over two times the carapace 

length of adult males on average. Megacephalic map turtles are defined by the following 

combination of characteristics (Lovich and McCoy 1992, p. 294). 

1. Large female size reaching 29.5 – 33.0 centimeters (cm) (11.6 – 13.0 inches (in)) in 

maximum carapace length; 

2. Extreme sexual dimorphism in adults, SDI ([sexual dimorphism index], size of larger sex 

divided by size of smaller sex, Gibbons and Lovich 1990, p. 2-3) is 2.42 – 2.58; 

3. Head is broad, particularly in adult females, with greatly expanded alveolar surfaces 

(flattened surfaces for crushing; turtles do not have teeth) of jaws; 
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4. Head pattern consists of an interorbital blotch (between the eyes on the dorsal surface of 

the head) and large postorbital blotches (posterior to the eye); and 

5. Vertebral scutes with salient spines. 

Credit: Peter Lindeman 

Figure 2.1. A mature male Pearl River map turtle (Graptemys pearlensis). 

Distinguishing among the Pearl River map turtle (Figure 2.1), Pascagoula map turtle, Barbour’s 

map turtle, Escambia map turtle, and Alabama map turtle is easiest via locality information, but 

there is some genetic, morphological, and pattern variation among the three species. In the 

Pascagoula map turtle and the Pearl River map turtle, there is a single, yellow, vertical bar near 

the center of the dorsal surface of each marginal scute, while the Alabama map turtle has a spot 

surrounded by concentric yellow semicircles near the center of the dorsal surface of each 

marginal scute (Lovich and McCoy 1992, p. 302-303; Ennen et al. 2010, p. 100). The yellow 

bars on the dorsal surface of the marginals tend to be wider in the Pascagoula map turtle than in 

the Pearl River map turtle, and are bordered by concentric dark rings, which are often absent or 

faded in the Pearl River map turtle (Ennen et al. 2010, p. 101-102). In many individuals, the 

yellow bars on the posterior-most marginal scutes in the Pascagoula map turtle and the Pearl 
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River map turtle do not connect the outer margin of the carapace with the vertebral scutes, and 

on average, Pascagoula map turtle specimens have longer vertical bars on the posterior-most 

marginal scutes than in Pearl River map turtles (Ennen et al. 2010, p. 101). The darkened borders 

along the seams between the ventral surfaces of each marginal scute are relatively narrow in the 

Pascagoula map turtle when compared to the Alabama map turtle and the Pearl River map turtle 

(Lovich and McCoy 1992, p. 302-303; Ennen et al. 2010, p. 101-102). On the head of all three 

species, large, light-colored postorbital blotches are connected via a large interorbital blotch and 

supraoccipital (on the dorsal surface of the head but posterior to the eye) spots are absent (Lovich 

and McCoy 1992, p. 302-303). In the Pascagoula map turtle and more commonly in the Pearl 

River map turtle, the anterior end of the interorbital blotch often forms a three-pronged nasal 

trident shape that is absent in the Alabama map turtle and Barbour’s map turtle, but especially 

prominent in the Escambia map turtle (Lovich and McCoy 1992, p. 302-303; Ennen et al. 2010, 

p. 101-102). In a 2010 study, interorbital blotches in 66 percent of Pascagoula map turtle 

specimens and 79 percent of Pearl River map turtle specimens exhibited a nasal trident shape 

(Ennen et al. 2010, p. 102). Both Pascagoula map turtles and Pearl River map turtles have a 

black or dark brown vertebral stripe along the keel of the carapace. In Pearl River map turtles, 

the stripe is continuous in most individuals but in Pascagoula map turtles the stripe is usually 

broken up by the ground color of the carapace (Ennen et al. 2010, p. 103). Hatchlings of 

megacephalic map turtles have more vivid colors and higher contrast than adults, are more 

circular, have a more pronounced dorsal keel, and each marginal scute is serrated (Lovich et al. 

2009, p. 029.3). The midline plastron lengths for the Pearl River map turtles range from 5.8 to 

9.8 cm (2.3 to 3.9 in) in mature males and reach 21.5 cm (8.5 in) in mature females (Lindeman 

2013, p. 299). 

2.3 Range and Distribution 

The Pearl River map turtle is endemic to the Pearl River drainage in Mississippi and Louisiana. 

Counties with known records for the species in the state of Mississippi include: Attala, Copiah, 

Hancock, Hinds, Lawrence, Leake, Lincoln, Madison, Marion, Neshoba, Pearl River, Pike, 

Rankin, Smith, Simpson, and Walthall. Two parishes in Louisiana, St. Tammany and 

Washington, have records for the species. When the Pearl River map turtle was described as its 
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own taxon in 2010, its distribution in the Pearl River basin was not well known. Between 2015 

and 2018, Lindeman (2019, entire) conducted surveys to document the extent of the range of the 

species. During this study, Lindeman documented an occupancy of 1279.6 river kilometers (rkm) 

(795.1 rm) in the drainage, with 647.0 km (402.0 rm) in tributaries and 632.6 km (393.1 rm) in 

the main channels of the Pearl and West Pearl rivers (Lindeman 2019, p. 19-47). Within this total 

distribution, presence in 188.3 rkm (117.0 rm) of the occupied range was unknown prior to these 

surveys (Lindeman 2019, p. 6-19). In an effort to determine the extent of the species distribution, 

Lindeman surveyed 16 connecting tributaries of the Pearl River and eight additional streams 

upstream of the known range but did not document presence in them (Lindeman 2019, p. 20). In 

his report, Lindeman advised not to overestimate the importance of the recent range extensions, 

pointing out that while the study increased the known range by 15 percent, the range-wide 

population estimates indicate that the newly reported stream reaches only account for 9 percent 

of the estimated global population of Pearl River map turtles because most of the extensions 

were in areas where visual surveys indicated either low or very low population densities 

(Lindeman 2019, p. 25).The occupied range of the Pearl River map turtle includes portions of the 

Pearl River, West Pearl River, Bogue Chitto, East Pearl River, Yockanookany River, Strong 

River, Holmes Bayou, Pearl Navigation Canal, Lobutcha Creek, Tuscolometa Creek, Pelahatchie 

Creek, Purvis Creek, Pushepatapa Creek, Topisaw Creek, Magees Creek, Hobolochitto Creek, 

and West Hobolochitto Creek (Figure 2.2). This species has also been reported in upper reaches 

of the Ross Barnett Reservoir (where conditions are more lotic and less lentic). It is likely that 

the species will be discovered in smaller creeks in the future but likely at low population 

densities (Selman pers. comm. 2020b, p. 16). 
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Figure 2.2. Known range of the Pearl River map turtle as of 2019 (Lindeman 2019, p. 50). 

Rivers and tributaries are drawn to the known upstream extent of the range of the species. 
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2.4 Diet 

The diet of the Pearl River map turtle varies between females and males, and females grow 

proportionally larger heads and jaws as they age. A recent study on fecal samples of Pearl River 

map turtles found that mature females consume mostly Asian clams (Corbicula fluminea), while 

males and unsexed juveniles eat insects, with mature males specializing in caddisfly larvae and 

consuming more mollusks than juveniles (Vuc̆ enović and Lindeman 2020, entire). Moderately large 

native mussels had previously been reported in fecal samples from adult female Pearl River map 

turtles (R. Jones, pers. comm. reported in Lindeman 2013, p. 298-299), but an account from before 

the Pearl River map turtle was split from the Pascagoula map turtle also identified Asian clams 

(Corbicula fluminea) as a preferred prey item (Ernst, pers. obs. reported in Lovich 2009, p. 305-

306). In stomach contents of specimens from the Pearl River, two adult males contained only 

insects, while a juvenile female contained only snails and clams (Cagle 1952, p. 228). In fecal 

samples from a site on the Pearl River, the diet for both sexes of all sizes combined was composed 

of 44 percent fish, 25 percent mollusks, and 25 percent insects, which is broader than the 

megacephalic species to the east, the Pascagoula map turtle; apparently Pearl River map turtles did 

not specialize as much on mollusks as the Pascagoula map turtle (McCoy and Vogt, unpubl. data 

reported in Lovich et al. 2009, p. 029.4). Several accounts published before the Pearl River map 

turtle and Pascagoula map turtle were split indicate that juveniles, small females, and mature males 

are predominantly insectivorous (Dundee and Rossman 1989, p. 187; Lovich et al. 2009, p. 029.4; J. 

Vučenović and P. Lindeman, unpubl. data reported in Lindeman 2019, p. 22-31). Another 

observation from before the species were taxonomically divided found stomach contents of 

immature females containing less than 15 percent mollusks by volume and found no mollusks in 

stomachs of males (Cagle, 1952 data reported in Lindeman 2000, p. 553-563). Snails are 

occasionally consumed by G. pearlensis, and made up ~1% by volume of female samples (adult 

and juvenile) in a recent study (Vučenović and P. Lindeman 2020, p. 19). 

2.5 Behavior and Activity 

Many behaviors of the Pearl River map turtle are poorly understood, but some have been 

documented from observations of the species; we describe behaviors of similar species in lieu of 
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Pearl River map turtles when available. At night, numerous males and juveniles have been observed 

clinging to submerged branches and tree limbs just below the water surface (Cagle 1952, p. 227), so 

it has been suggested that males and juveniles forage during the day and rest at night (Lovich 2009, 

p. 303). Female foraging behavior is unknown, but a study on the megacephalic species to the east 

(the Pascagoula map turtle) found wood fragments in fecal samples from males but absent from 

females, suggesting that males probably forage on submerged deadwood structure, while 

researchers inferred from the molluscivorous diet of mature females that females forage along sand 

or gravel directly at the river bottom (Selman and Lindeman 2015, p. 794-795). 

Demographic and seasonal biases in basking behavior have not been studied for this species, but 

many existing publications that estimate abundance or relative abundance for map turtles, in 

general, rely on observation counts of basking individuals, so understanding basking behavior is 

important. A study on the sympatric (overlapping in distribution) microcephalic species, the ringed 

map turtle (Graptemys oculifera), found that Pearl River map turtles were more frequently seen 

basking later in the afternoon than ringed map turtles, and suggested that more Pearl River map 

turtles might have been detected if more surveys were conducted after 1500 hours (3 pm) 

(Dickerson and Reine 1996, p.8). Ecologically similar Pascagoula map turtles were found to also 

bask later in the afternoon (particularly males) (Selman and Lindeman 2015, pp. 789-793). 

Available information on movements, home range, and dispersal is limited. However, an early 

account that combined data on the Pearl River map turtle and the Pascagoula map turtle states that 

males and juveniles often stay in the same area at night where they were found during the day, and 

that researchers returning to areas that had basking map turtles during the day resulted in frequent 

night captures by hand, while areas without basking individuals yielded no captures (Cagle 1952, p. 

227). 

2.6 Reproduction 

Information on Pearl River map turtle reproductive biology is lacking; we have little information on 

species specific clutch frequency, age of maturity, and other reproductive parameters. Pearl River 

map turtles excavate nests and lay their eggs on sandbars and beaches along river banks during the 
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late spring and early summer months. A gravid female containing calcified eggs was collected from 

the Pearl River on June 8, 1951 (Cagle 1952, p. 228). In unpublished data on Pearl River map 

turtles and Pascagoula map turtles from the Chickasawhay River combined, McCoy and Vogt found 

gravid females from May to August (reported in Lovich et al. 2009, p. 029.4). A study on ringed 

map turtles reported incidentally finding three fresh nests from Pearl River map turtles during the 

month of June, identified by hatching them in captivity (Ennen et al. 2016, p. 094.4-094.6). 

Five eggs incubated in captivity hatched in 62.8 days on average, and three clutches incubated in 

natural nests averaged 62 days to hatching; time from deposition to nest emergence by hatchlings in 

the natural clutches ranged from 67-79 days and averaged 69.3 days. The five lab-incubated 

hatchlings averaged 3.66 cm (1.44 in) in carapace length (Jones, unpublished data, summarized in 

Ennen et al. 2016, p. 094.4-094.6). Hatchlings typically emerge from the nest within three hours 

after sunset. During trials releasing hatchlings by hand, hatchlings moved to the nearest shade if 

released during the bright sunlight of day, even if released near the water (Anderson 1958, p. 212-

215). Juvenile growth rates have not been studied, but one juvenile female from the Pearl River was 

2.27 cm (0.89 in) in carapace length upon hatching, 4.24 cm (1.67 in) after one growing season, and 

5.93 cm (2.33 in) after the second growing season (Cagle 1952, p. 228). Another early study on the 

megacephalic clade reported hatchling mean plastron length as 3.02 cm (1.19 in), and the following 

mean lengths among 29 individuals for subsequent years, estimated by counting growth rings: 4.37 

cm (1.72 in) in the first year, 5.11 cm (2.01 in) in the second year, 6.09 cm (2.40 in) in the third 

year, and 6.74 cm (2.65 in) in the fourth year (Cagle 1952, p. 227). 

At a site on the Pearl River 2 km (1.2 mi) downstream of the Strong River, the smallest gravid 

female had a carapace length of 20.5 cm (8.1 in) but authors suggested that maturation age and size 

may vary. A total of 22 clutches at that site ranged from 3 to 9 eggs (mean = 6.4 eggs; Vogt et al. 

2019, p. 557-558). An average clutch size of 6.4 eggs with a range of 4-9 eggs was reported for the 

Pearl River map turtle and stated that females probably produce multiple clutches per year (Ennen 

et al. 2016, pp. 094.4-094.6). During the dissection of an adult female (plastron length of 17.0 cm 

(6.7 in)) specimen from the Pearl River, three calcified eggs were found and there was evidence of 

an additional clutch developing; the three eggs were 4.27-4.73 cm (1.68-1.86 in) in length and 2.5-

2.7 cm (0.98-1.06 in) in width (Cagle 1952, p. 228). In another study, the length, width, and mass 
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among 33 eggs averaged 4.01 cm (1.58 in), 2.68 cm (1.06 in), and 16.4 grams (0.58 ounces), 

respectively (Ennen et al. 2016, pp. 094.4-094.6). Unpublished data combining Pearl River map 

turtles and Pascagoula map turtles found a 22.4 cm (8.8 in) mean carapace length among eight 

gravid females (reported in Lovich et al. 2009, p. 029.4). 

2.7 Habitat 

There are a lack of studies relating demographic parameters such as occupancy and abundance, 

however general habitat features have been defined. Pearl River map turtles occur in sand and 

gravel-bottomed rivers and creeks with dense accumulations of deadwood; they have not been 

documented in oxbow lakes or other floodplain habitats. They were notably absent from lakes 

where their sympatric microcephalic species, the ringed map turtle, is present, but do occur at the 

upstream reach of Ross Barnett Reservoir, an impoundment of the Pearl River (Lindeman 2013, p. 

298). Accounts from before the Pearl River map turtle and Pascagoula map turtle were 

taxonomically divided described ideal habitat as rivers and creeks with sand or gravel bottoms, 

abundant basking structures, and swift currents (Lovich 2009, p. 304; USFWS 2006, p. 2). 

Although some species of Graptemys appear to handle some salinity increases, there is some 

evidence that the group is largely intolerant of brackish and saltwater environments (Selman and 

Qualls 2008 pp. 228-229; Lindeman 2013, pp. 396-397). We do not know the physiological effects 

of salinity on the Pearl River map turtle, however we do know that although there are some cases of 

microcephalic species entering brackish water, thus far there are no records of macrocephalic 

species exhibiting this behavior (Agha 2018, p. 7).  Future research is needed to understand the 

impacts of sea level rise on the Pearl River map turtle (Agha et al. 2019, entire). 

Emergent deadwood serves as thermoregulatory basking structure, foraging structure for males and 

juveniles (Selman and Lindeman 2015, pp. 794-795), and as an overnight resting place for males 

and juveniles (Cagle 1952, p. 227). Moderate-to-high basking densities of Pearl River map turtles 

were always associated with moderate-to-high deadwood densities, but some sites with ample 

deadwood structure did not have high densities of basking map turtles, indicating that those sites 

may lack other important characteristics (Lindeman 1999, pp. 37-40). Most deadwood structure 

observed on surveys was not occupied by basking turtles, and structures that were occupied 
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typically had enough surface area for additional turtles (Lindeman 1999, pp. 37-40). The 

importance of deadwood and its source in riparian forests to the abundance of riverine turtle species 

is documented (Sterrett, et al. 2011, entire). Comparisons have not been studied in map turtle 

abundance between deadwood-rich river reaches that have ample adjacent forest compared to river 

reaches that have little adjacent forest and less deadwood (Lindeman 2019, p. 31). 

An early account with combined data for Pearl River map turtles and Pascagoula map turtles of all 

sizes suggested that the turtles select logs or debris emerging from deep water as basking structures 

and dive into the water at the slightest disturbance (Cagle 1952, p. 227), but demographic 

differences in basking behavior have not been studied in Pearl River map turtles. In several other 

species of map turtle, females occupy deeper waters farther from shore than males (Pluto and Bellis 

1986, pp. 24-30; Craig 1992, pp. 43-49; Jones 1996, pp. 378-384). In Pascagoula map turtles, the 

megacephalic species one drainage to the east of Pearl River map turtle, the only well-documented 

habitat difference among demographic groups is that of basking structure choice (Selman and 

Lindeman 2015, pp. 789-793). In this study, observers found that adults typically basked on 

structures that had water between the structure and the bank; females preferred large logs or floating 

logs and basked less on smaller branches, while mature males basked on large logs and smaller 

branches about equally. Juveniles usually basked closer to the bank and preferred smaller branches 

and tangles, while tangles were rarely used by adult males or females. Adults have been observed 

basking directly on the bank during flood periods when deadwood structures were under high water. 

Nesting habitat has been described. At a beach on the Pearl River downstream of the Strong River, 

a nest was found in fine sand 82 feet (ft) (25 meters (m)) from the water (Vogt et al. 2019, p. 557). 

Three confirmed Pearl River map turtle nests found on sandbars along the Pearl River were dug in 

relatively fine sand ranging from  23-180ft (7 to 55m) from the water’s edge and averaging 5.2ft 

(1.6m) from the closest vegetation (Ennen et al. 2016, pp. 094.4-094.6). Another account states that 

nests are typically near the vegetation lines of sandbars (Anderson 1958, pp. 212-215). 

Pearl River map turtles have been observed in several streams that were thought to be too shallow 

or narrow for the genus Graptemys by previous researchers (McCoy and Vogt 1979, p. 5; Selman et 

al. 2009, p. 34) and this indicates a potential difference in habitat selection. While the Pearl River 
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map turtle is present near the same dense accumulations of deadwood and large sandbars as the 

ringed map turtle, the Pearl River map turtle ranges farther upstream into smaller tributaries 

(Lindeman 2013, p. 298) and notable differences in relative abundance between the two species 

have been documented in specific streams on several occasions. Pearl River map turtle density was 

greater on mainstem reaches and large tributaries than on small tributaries, but they were 

outnumbered by ringed map turtles in mainstem reaches (Lindeman 2019, pp. 13-18). A suggested 

explanation for the difference in tributary tolerance between Pearl River map turtles and ringed map 

turtles is dietary requirements; ringed map turtles graze on algae, sponges, and other invertebrates 

on submerged deadwood, a community that is sunlight dependent, while Pearl River map turtles 

rely more heavily on benthic mussels that may be more tolerant of shaded tributary streams 

(Lindeman 2019, pp. 22-23). 

2.8 Population Structure 

While some population structure information has been reported for Pearl River map turtles, 

demographic bias among the various survey methodologies is likely (basking surveys, basking 

traps, and hand capture from emergent basking structures at night). In addition, demographic 

differences between sexes and between age classes in habitat and basking behaviors indicate that 

ratio estimates based on visual surveys and collecting efforts may not accurately represent the actual 

population structure (Lindeman 2019, pp. 25-32). Male to female sex ratio reports for adult Pearl 

River map turtles vary. In 1952, Cagle reported that among 98 individuals captured via dipnetting at 

night along the Pearl River, 5 were adult females, 12 were adult males, 6 were immature females, 

and 75 were juveniles, indicating a general sex ratio of 1.1:1, an operational sex ratio (ratio of 

mature males to mature females) of 2.4:1 (Cagle 1952, p. 233). A 1999 basking survey study on the 

Bogue Chitto reported that females outnumbered males at most sites (up to 1:3) and that adults 

outnumbered juveniles up to 1:45 (Shively 1999, p. 4). A later study reported a general sex ratio for 

captures larger than minimum male size of 1.8:1 and an operational sex ratio of 4.6:1 (Lindeman 

2019, pp. 18-25). Another study reported 39 individuals captured to be comprised of 28 males, 10 

females, and 1 juvenile, but without indication of the level of maturity of the individuals (Selman 

and Jones 2017, pp. 29-34). Buhlmann reported observations of 34 basking individuals to be 47 

percent mature females (2014, pp. 17-18). Typically, male map turtles mature in 2-3 years, while 
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females mature much later (Lindeman 2013, p. 109). Maturity for adult female Pearl River map 

turtles may occur around 9 years of age (Vogt et al. 2019, pp. 557-558). Hatchlings and 1-year-old 

juveniles accounted for 18 percent of all Pearl River map turtles captured during trapping sessions 

(Lindeman 2019, p. 18-25), but most were captured via hand or dipnet, a method which may be 

demographically biased (Cagle 1952, p. 227). A study on another megacephalic species (the 

Pascagoula map turtle) suggested that variation in population structure at different sites may be 

driven by dietary differences and prey availability (Selman and Lindeman 2015, pp. 785-786), and 

prior surveys on other map turtle species have documented mostly males in degraded sections or 

impoundments (Buhlmann 2014, p. 11). 

Pearl River map turtle population structure may be influenced by temperature-dependent sex 

determination (TDSD) during egg development in the nest, in which the sex determination of 

individuals is influenced by the temperature of incubation. While TDSD has not been studied in this 

species, it has been documented in the Ouachita map turtle (Graptemys ouachitenis), the false map 

turtle (Graptemys pseudogeographica) and the common map turtle (Graptemys geographica), and 

likely affects all members of the genus (Vogt and Bull 1982, entire; Vogt and Bull 1984, entire; 

Bull 1985, entire). In a laboratory study of 14 genera of turtles including the false and Ouachita map 

turtles, incubation temperatures of 77 degrees F (25 degrees C) yielded all males and incubation 

temperatures from 87.8 degrees F (31 degrees C) or higher yielded all females (Vogt and Bull 1982, 

entire). 

2.9 Predators 

Little has been documented on predators of this species. American alligators (Alligator 

mississippiensis) and humans are the only significant predators of mature individuals (Ennen et al. 

2016, p. 094.6), and persecution by humans through shooting basking turtles has been related to 

local population reduction in some turtles (Marion 1986, p. 51; Buhlman and Gibbons 1997, p. 

222). Predation of Barbour’s map turtle by the river otter has been reported (Sterrett 2009, p. 73) 

and this mammal may be a predator of juvenile and adult Pearl River map turtles as well. A juvenile 

Pearl River map turtle was found in the stomach contents of a spotted bass (Micropterus 

punctulatus) (Carr and Messinger 2002, pp. 201-202). Alligator snapping turtles also prey on small 
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turtles, including Graptemys; turtle remnants were found in the gastrointestinal tract of alligator 

snapping turtles in Arkansas and Louisiana, including the Pearl River, and small turtles of multiple 

species have been identified as one of the most common prey items (Elsey 2009, p. 447). Nests and 

juveniles are likely to be the most vulnerable to predation, with the latter probably preyed upon by 

wading birds and small mammals (Selman and Lindeman 2015, p. 796, Lovich 2009, p. 306). Many 

large and small mammals such as raccoons, opossums, feral swine, and skunks, as well as snakes 

and bird species (such as crows) prey upon nests of other map turtle species, including the 

sympatric ringed map turtle (Lovich 2009, p. 306; Lindeman 2013, entire; Jones 2006, pp. 197-

207), and are likely to be predators of Pearl River map turtles as well. Red imported fire ants have 

also been documented invading turtle nests in the southeastern United States and can cause nest 

failure and hatchling mortality (Buhlmann and Coffman 2001, entire). 

2.10 Summary of Resource Needs 

A summary of information related to the needs of the Pearl River map turtle’s demographic life 

stage (or similar species as a proxy) is presented in Table 2.1., however more research is needed in 

some areas to improve our understanding of the Pearl River map turtle. 
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Table 2.1. Individual resource needs of the Pearl River map turtle. 

Life Stage Resources needed for individuals to 
complete each life stage 

Resource 
Function Information Source 

Fertilized Eggs 
(Nesting: May-
August; hatching: 
July-November) 

- Presence of gravid females 
- Patches of fine sand adjacent to adult 
habitat with sparse vegetation, typically 
on sandbars 
- Adequate incubation temperatures to 
yield an appropriate sex ratio** 
- Adequate river flow to prevent nest 
mortality due to flooding** 

Breeding 

- Ennen et al. 2016, pp. 
094.4-094.6 

- Lindeman 2013, p. 275; 
Lovich et al. 2009, p. 029.4 
- Valenzuela et al. 2019, 

pp. 2-8 
- Horne et al. 2003, p. 732; 

Geller 2012, pp. 210-211; 
Dieter et al. 2014, pp. 
112-117; Eisemberg et al. 
2016, p. 6 

Hatchlings (July-
November) 

- Adequate abundance of invertebrate 
prey* 
- Adequate abundance of emergent 
branches and tangles near the 
riverbank** 

Feeding, 
Sheltering, 
Dispersal 

- LovHarding 
ich et al. 2009, p. 029.4 
- Lindeman 2019, pp. 22-

31 
- Selman and Lindeman 

2015, pp. 789-793 

Adult Males (2+ 
years) and Juveniles 
(1-2 years) 

- Adequate abundance of insect prey 
- Emergent logs, branches, and tangles 
near the bank** 

Feeding, 
Sheltering, 
Dispersal 

- Cagle 1952, p. 228 
- Selman and Lindeman 
2015, pp. 789-793 

Adult Females (9+ 
years) and sub-adult 
Females (2-9 years) 

- Adequate abundance of native 
mussels or Asian clams 
- Deeper, sand or gravel-bottomed 
stretches for foraging 
- Emergent logs and branches ** 

Feeding, 
Sheltering, 
Dispersal 

- Cagle 1952, p. 228 
- Selman and Lindeman 
2015, pp. 789-793 

* information source combines Pearl River map turtle data with the Pascagoula map turtle 
** data were collected on a different megacephalic map turtle species or all megacephalic map turtles. 
*** data were collected on a different species of emydid turtle or all aquatic turtles. 
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CHAPTER 3 – SPECIES NEEDS FOR VIABILITY 

In order to assess the current and future condition of the species it is necessary to identify the 

individual, population, and species needs (Figure 3.1). As defined earlier, resiliency is the ability to 

withstand stochastic disturbances. In this chapter, we consider the Pearl River map turtle’s 

ecological needs at the individual, population and species level, and discuss these needs in relation 

to resiliency, redundancy, and representation. 

Figure 3.1.  Influence diagram depicting the Pearl River map turtle’s needs considering the primary 

habitat elements and population factors that influence the species’ viability. 
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3.1 Individual Needs 

For the Pearl River map turtle to survive and reproduce, individuals need suitable habitat that 

supports essential life functions at all life stages. Several elements appear to be essential to the 

survival and reproduction of individuals, as discussed in Section 2.10: mainstem and tributary 

reaches within the Pearl River system that have sandbars, adequate flow, adequate supply of 

invertebrate prey items including insects and mollusks, an abundance of emergent and floating 

basking structures of various sizes, and sand or gravel substrates. 

3.2 Population Needs 

For populations to be resilient, the needs of individuals (sandbars, natural hydrologic regimes, 

adequate supply of invertebrate prey items, basking structures, and sand, gravel, or rocky 

substrates) must be met at a larger scale. Tributary and mainstem reaches with suitable habitat 

uninterrupted by impoundments must be of adequate size to support a large enough population of 

individuals to avoid issues associated with small population sizes, such as inbreeding depression. 

3.3 Species Needs 

For the species to be viable, there must be adequate redundancy (suitable number of populations 

and connectivity to allow the species to withstand catastrophic events) and representation (genetic 

and environmental diversity to allow the species to adapt to changing environmental conditions). 

Redundancy improves with increasing numbers of populations (natural or reintroduced) distributed 

across the species range, and connectivity (either natural or human-facilitated) allows connected 

populations to “rescue” each other after catastrophes. Representation improves with the persistence 

of populations spread across the range of genetic and/or ecological diversity within the species. 

Long-term viability will require resilient populations to persist into the future; for the Pearl River 

map turtle, this will mean maintaining quality tributary and mainstem habitat and water quality to 

support many redundant populations across the species range, while preventing barriers to dispersal 

between populations such as dams or impoundments. 
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CHAPTER 4 – INFLUENCES ON VIABILITY 

The following discussion provides a summary of the factors that have historically affected the 

species and are affecting or could be affecting the current and future condition of the Pearl River 

map turtle throughout some or all of its range. Research on delayed sexual maturity suggests that, as 

generally long-lived species, turtle populations may have a limited ability to respond to chronic 

stochastic disturbances such as prolonged flooding or drought (Congdon et al 1993, entire; Lovich 

et al. 2017, pp. 6-8). Effects due to climate change along with water quality issues provide major 

potential influences on the long-term viability of the species. Other factors that may influence 

species’ viability are collection for the pet trade, invasive species and data deficiency. Conservation 

measures are considered positive influences on the species’ viability and are also summarized in 

this chapter. 

4.1 Climate Change 

In the southeastern United States, climate change is expected to result in a high degree of variability 

in climate conditions with more frequent drought, more extreme heat (resulting in increases in air 

and water temperatures), increased heavy precipitation events (e.g., flooding), more intense storms 

(e.g., frequency of major hurricanes increases), and rising sea level and accompanying storm surge 

(IPCC 2013, entire). Warming in the southeast is expected to be greatest in the summer which is 

predicted to increase drought frequency, while annual mean precipitation is expected to increase 

slightly, leading to increased flooding events (IPCC 2013, entire; Alder & Hostetler 2013, 

unpaginated). This variability in climate may affect ecosystem processes and communities by 

altering the abiotic conditions experienced by biotic assemblages resulting in potential effects on 

community composition and individual species interactions (DeWan, et al., 2010, p. 7). These 

changes have the potential to impact Pearl River map turtles and/or their habitat. 

Climate change could intensify or increase the frequency of drought events, such as the one that 

occurred in the southeastern U.S. in 2007. Based on down-scaled climate models for the Southeast 

U.S., the frequency, duration, and intensity of droughts are likely to increase in the southeastern 

U.S. as a result of global climate change (Keellings and Engstrom 2019, pp. 4-6). Stream flow is 

strongly correlated with important physical and chemical parameters that limit the distribution and 
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abundance of riverine species (Power et al. 1995, entire; Resh et al. 1988, pp. 438-439) and it 

affects the hydrology of the systems by regulating the ecological integrity of flowing water systems 

(Poff et al. 1997, p. 770). 

Since 1996, there has been an increase in the frequency of hurricane landfalls in the 

southeastern United States that is predicted to continue for some years into the future (Goldenberg 

et al. 2001, p. 475; Emanuel 2005, entire; Webster et al. 2005, p. 1845). Individual storm 

characteristics play a large role in the types and temporal extent of impacts (Greening et al. 2006, p. 

878). For example, direction and speed of approach, point of landfall and intensity, all influence the 

magnitude of storm surge and resultant flooding (Weisberg and Zheng 2006, p. 164) and 

consequent environmental damage. Areas with higher levels of anthropogenic land use activity are 

more susceptible to environmental damage and long-term effects from storms (Mallin and Corbett 

2006, pp. 1057-1058). 

As a result of climate change, the world’s oceanic surface-waters and land are warming. Higher 

temperatures reduce the density of the water causing it to expand. This process of “thermal 

expansion,” exacerbated by an influx of melt water from glaciers and polar ice fields, is causing sea 

levels to rise. During the 20th century, global sea level rose by 0.17m at an average annual rate of 

0.002m per year, which was ten times faster than the average during the previous 3,000 years (IPCC 

2007, p. 30-31). The rate of sea level rise continues to accelerate and is currently believed to be 

about 0.003m per year (Church and White 2006, pp. 2-4). It is estimated that sea level will rise by a 

further 0.18 to 0.59m by the century’s end (IPCC 2007, p. 46). However, some research suggests 

the magnitude may be far greater than previously predicted due to recent rapid ice loss from 

Greenland and Antarctica (Overpeck et al. 2006, entire; Rignot and Kanagaratnam 2006, pp. 989-

990). Accounting for this accelerated melting, sea level could rise by between 0.5 and 1.4m by 2100 

(Rahmstorf et al. 2007, p. 709). Sea level rise is likely to impact downstream Pearl River map turtle 

populations, as local scenarios based on downscaled climate models predict between 2-10ft (0.6-

3.0m) of sea level rise in the vicinity of the Pearl River (NOAA 2020, unpaginated). 

Despite the recognition of climate effects on ecosystem processes, there is uncertainty about what 

the exact climate future for the southeastern United States will be and how the ecosystems and 

species in this region will respond. It should be recognized that the greatest threat to many species 

from climate change may come from synergistic and compounding effects. That is, factors 
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associated with a changing climate may act as risk multipliers by increasing the risk and severity of 

more imminent threats. 

The dual stressors of climate change and direct human impact have the potential to impact aquatic 

ecosystems by altering stream flows and nutrient cycles, eliminating habitats, and changing 

community structure (Moore et al. 1997, pp. 942).  Increased water temperatures and a reduction in 

stream flow are the climate change effects that are most likely to affect stream communities (Poff, 

1992, entire), and each of these variables is strongly influenced by land use patterns. For example, 

in agricultural areas, lower precipitation may trigger increased irrigation resulting in reduced stream 

flow (Backlund et al. 2008, pp. 42-43). In forested areas, logging patterns influence instream 

temperatures through the direct effects of shading. Reductions in temperature by vegetative cover 

may be particularly important in low-order streams, where canopy vegetation significantly reduces 

the magnitude and variation of the stream temperature compared with that of clear-cut regions 

(Ringler and Hall 1975, pp. 111-121). 

While river flooding under natural hydrologic conditions may be important for sandbar construction 

and deposition of nesting sand on riverine beaches (Dieter et al. 2014, p. 112-117), an increase in 

hurricane frequency and stochastic catastrophic floods could cause an increase in nest mortality. 

Nest mortality from flooding has not been studied in the Pearl River map turtle but has been 

documented in several other riverine turtle species. A study on the sympatric yellow-blotched map 

turtle revealed that nest mortality from flooding can be as high as 86.3 percent in some years (Horne 

et al. 2003, p. 732). In a study on nests of the Ouachita map turtle (Graptemys ouachitensis), two 

ten-day floods (in 2008 and 2010) were believed to have caused the complete mortality of all nests 

existing before the floods, as hatchlings were found dead inside eggs after the flood. However, a 

shorter flooding event in 2011 (~4 days of inundation) caused no known nest mortalities (Geller 

2012, p. 210-211). A study on freshwater turtles in South America indicated that as flooding 

incidents have increased since the 1970’s, the number of days that nesting sandbars remain above 

the inundation threshold has been steadily and significantly decreasing, causing steep declines in the 

number of hatchlings produced per year (Eisemberg et al. 2016, p. 6). 

Another area where climate change may affect the viability of the Pearl River map turtle is through 

TDSD during egg development in the nest. In turtle species with TDSD, increasing seasonal 
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temperatures may result in unnatural sex ratios among hatchlings. This could be an important factor 

as climate change drives increasing temperatures. Since male map turtles with TDSD develop at 

lower temperatures than females, rising temperatures during developmental periods may result in 

sex ratios that are increasingly female-biased. 

4.2 Water Quality 

Degradation of stream and wetland systems through reduced water quality and increased 

concentrations of contaminants can affect the occurrence and abundance of freshwater turtles 

(DeCatanzaro and Chow-Fraser 2010, p. 360). Infrastructure development increases the percentage 

of impervious surfaces, reducing and degrading terrestrial and aquatic habitats. Increased water 

volume and land-based contaminants (e.g. heavy metals, pesticides, oils) flow into aquatic systems, 

modifying hydrological and sedimentation regimes of rivers and wetlands (Walsh et al. 2005, 

entire). Aquatic toxicants can have both immediate and long-term negative impacts on species and 

ecosystems. Despite these effects, species vary widely in their tolerances and abilities to adapt to 

water quality degradation, including variation in stress and immune responses (French et al.2008, 

pp. 5-6), population structure (Patrick and Gibbs 2010, pp. 795-797), survival and recruitment 

(Eskew et al. 2010, pp. 368-371), and ultimately distribution and abundance (Riley et al. 2005, pp. 

6-8). 

Sedimentation and pollution can have adverse impact on the mollusk populations that the closely-

related Pascagoula map turtles prey upon (Box and Mossa 1999, entire). Inputs of point (point 

source discharge from particular pipes, discharges, etc.) and nonpoint (diffuse land surface runoff) 

source pollution across the range are numerous and widespread. Point source pollution can be 

generated from inadequately treated effluent from industrial plants, sanitary landfills, sewage 

treatment plants, active surface mining, drain fields from individual private homes, and others 

(USFWS 2000, pp. 14-15). Nonpoint pollution originates from agricultural activities, poultry and 

cattle feedlots, abandoned mine runoff, construction, silviculture, failing septic tanks, and 

contaminated runoff from urban areas (Deutsch et al. 1990, entire; USFWS 2000, pp. 14-15). These 

sources contribute pollution to streams via sediments, heavy metals, fertilizers, herbicides, 

pesticides, animal wastes, septic tank and gray water leakage, and oils and greases. Glyphosate 

(found in Roundup and other herbicides) that is widely used as an herbicide has been found in many 

Pearl River Map Turtle SSA V. 1.1 25 April 2021 



 

     
 
 

   

      

   

   

  

  

  

 

  

   

 

 

   

 

 

  

 

 

   

 

 

    

  

  

   

  

 

waterways from agricultural run-off and exposure has been associated with endocrine and 

reproductive disorders in animals (Jerrell et al. 2020, entire; Medalie et al 2020, entire; Mesnage et 

al. 2015, entire). Water quality and native aquatic fauna decline as a result of this pollution, which 

causes nitrification, decreases in dissolved oxygen concentration, and increases in acidity and 

conductivity. These alterations likely have direct (e.g. decreased survival and/or reproduction) and 

indirect (e.g. loss, degradation, and fragmentation of habitat) effects. For aquatic species, 

submergent vegetation provides critical spawning habitat for adults, refugia from predators, and 

habitat for prey of all life stages (Jude and Pappas 1992, pp. 666-667), and degraded water quality 

and high algal biomass that result from pollutant inputs, cause loss of these critical submergent 

plant species (Chow-Fraser et al.1998, pp. 38-39). 

A wide range of current activities and land uses can lead to sedimentation within streams that can 

include: agricultural practices, construction activities, stormwater runoff, unpaved roads, forestry 

activities, utility crossings, and mining. Fine sediments are not only input into streams during these 

activities, historical land use practices may have substantially altered hydrological and geological 

processes such that sediments continue to be input into streams for several decades after those 

activities cease (Harding et al. 1998, p. 14846). The negative effects of increased sedimentation are 

well understood for aquatic species (Burkhead et al. 1997, p. 411; Burkhead and Jelks 2001, p. 

964). Sedimentation can alter food webs and stream productivity (Schofield et al. 2004, p. 907), 

force altered behaviors (Sweka and Hartman 2003, p. 346), and even have sub-lethal effects and 

mortality on individual aquatic organisms (Sutherland and Meyer 2007, p. 394; Wenger and 

Freeman 2007, p. 7). 

Degradation of water quality from municipal and industrial effluents is recognized as a cause of 

decline in the ringed map turtle, a sympatric endangered species (Lindeman 1998, p. 137). 

Researchers also recorded lower numbers of ringed map turtles near gravel and sand mining 

operations (Shively 1999, p. 10). Native mussel and gastropod populations have likely already 

decreased due to sedimentation and other anthropogenic alterations (Jones at al. 2005, entire). 

Water quality may have impacted the Pearl River map turtle populations around Jackson, 

Mississippi (Selman 2020d, p. 194). 
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Water quality for the Pearl River map turtle is impacted by four processes that are further discussed 

below: channel and hydrology modifications and impoundments, agriculture, development 

(urbanization), and mining. 

4.2.1 Channel and Hydrology Modifications and Impoundments 

Dredging and channelization have led to loss of aquatic habitat in the Southeast (Warren Jr. et al. 

1997, unpaginated). Dredging and channelization projects are extensive throughout the region for 

flood control, navigation, sand and gravel mining, and conversion of wetlands into croplands 

(Neves et al. 1997, unpaginated; Herrig and Shute 2002, pp. 542-543). Many rivers are continually 

dredged to maintain a channel for shipping traffic. Dredging and channelization modify and destroy 

habitat for aquatic species by destabilizing the substrate, increasing erosion and siltation, removing 

woody debris, decreasing habitat heterogeneity, and stirring up contaminants which settle onto the 

substrate (Williams et al. 1993, pp. 7-8; Buckner et al. 2002, entire; Bennett et al. 2008, pp. 467-

468). Channelization can also lead to headcutting, which causes further erosion and sedimentation 

(Hartfield 1993, pp. 131-141). Dredging removes woody debris which provides cover and nest 

locations for many aquatic species (Bennett et al. 2008, pp. 467-468). Anthropogenic deadwood 

removal has been noted as a reason for decline in a microcephalic species, the ringed map turtle 

(Lindeman 1998, p. 137). Snags and logs are removed from some sites to facilitate boat navigation 

(Dundee and Rossman 1989, p. 187). Experiments with manual deposition of deadwood in stretches 

with less riparian forest have been suggested as potential habitat restoration measures (Lindeman 

2019, p. 33). 

Stream channelization, point-bar mining, and impoundments have been listed as potential threats in 

a report from before the Pascagoula map turtle and Pearl River map turtle were taxonomically 

separated (USFWS 2006, p. 2). Channel modification is recognized as a cause of decline in the 

ringed map turtle, a sympatric endangered species (Lindeman 1998, p. 137). Considerably low 

densities of Pearl River map turtles were observed in the lower reaches of the Pearl, where much 

channelization and flow diversion has occurred (Lindeman 2019, pp. 23-29). 
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Impoundment of rivers is a primary threat to aquatic species in the southeast (Folkerts 1997, p. 11; 

Buckner et al. 2002, entire). Dams modify habitat conditions and aquatic communities both 

upstream and downstream of an impoundment (Winston et al. 1991, pp. 103-104; Mulholland and 

Lenat 1992, pp. 193-231; Soballe et al. 1992, pp. 421-474). Upstream of dams, habitat is flooded 

and in-channel conditions change from flowing to still water, with increased depth, decreased levels 

of dissolved oxygen, and increased sedimentation. Sedimentation alters substrate conditions by 

filling in interstitial spaces between rocks which provide habitat for many species (Neves et al. 

1997, unpaginated). Downstream of dams, flow regime fluctuates with resulting fluctuations in 

water temperature and dissolved oxygen levels, the substrate is scoured, and downstream tributaries 

are eroded (Schuster 1997, unpaginated; Buckner et al. 2002, unpaginated). Negative “tailwater” 

effects on habitat can extend many kilometers downstream (Neves et al. 1997, unpaginated). Dams 

fragment habitat for aquatic species by blocking corridors for migration and dispersal, resulting in 

population geographic and genetic isolation and heightened susceptibility to extinction (Neves et al. 

1997, unpaginated). Dams also preclude the ability of aquatic organisms to escape from polluted 

waters and accidental spills (Buckner et al. 2002, unpaginated). 

Damming of streams and springs is extensive throughout the southeast (Etnier 1997, unpaginated; 

Morse et al. 1997, unpaginated; Shute et al. 1997, unpaginated). Shute et al. (1997) report that “few 

Southeastern streams are spared from impoundment” (p. 458). Many streams have both small ponds 

in their headwaters and large reservoirs in their lower reaches. Small streams on private lands are 

regularly dammed to create ponds for cattle, irrigation, recreation, and fishing, with significant 

ecological effects due to the sheer abundance of these structures (Morse et al. 1997, unpaginated). 

Small headwater streams are increasingly being dammed in the southeast to supply water for 

municipalities (Buckner et al. 2002, unpaginated) and many southeastern springs have also been 

impounded (Etnier 1997, unpaginated). Dams are known to have caused the extirpation and 

extinction of many southeastern species, and existing and proposed dams pose an ongoing threat to 

many aquatic species (Folkerts 1997, p. 11; Neves et al. 1997, unpaginated; USFWS 2000, p. 15; 

Buckner et al. 2002, unpaginated). 

The Ross Barnett Reservoir was constructed between 1960 and 1963 and provides a water supply 

for the City of Jackson and the associated area, as well as recreational opportunities on the 33,000 

ac (13,355 ha) lake and the 17,000 ac (6,880 ha) surrounding it (Pearl River Valley Water 
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Management District 2020, entire). A total of 33.6 km (20.9 rm) of the Pearl River is submerged 

beneath the Ross Barnett Reservoir, which has 61.5 km (38.2 rm) of shoreline (Lindeman 2019, p. 

19). Low population densities of Pearl River map turtles have been observed upstream of the Ross 

Barnett Reservoir, possibly due to recreational boating and extended recreational foot traffic or 

camping on sandbars by reservoir visitors (Selman and Jones 2017, pp. 32-34). Notable population 

declines also have been observed in the stretch of the Pearl River downstream of the Ross Barnett 

Reservoir (north of Lakeland Drive), but the exact reason for the decline is unknown (Selman 

2020d, p. 194). Researchers have estimated that up to 170 individual Pearl River map turtles could 

be directly impacted by the One Lake Project (Selman 2020d, p. 192). 

4.2.2 Agriculture 

Agricultural practices such as traditional farming, feedlot operations, and associated land use 

practices can contribute pollutants to rivers. These practices degrade habitat by eroding stream 

banks, which results in alterations to stream hydrology and geomorphology. Nutrients, bacteria, 

pesticides, and other organic compounds are generally found in higher concentrations in areas 

affected by agricultural than forested areas. Contaminants associated with agriculture (e.g., 

fertilizers, pesticides, herbicides, and animal waste) can cause degradation of water quality and 

habitats through instream oxygen deficiencies, excess nutrification, and excessive algal growths, 

with a related alteration in aquatic community composition (Petersen et al. 1999, p. 6). Agricultural 

development can also reduce the amount of adjacent riparian forest available to produce deadwood; 

in another megacephalic map turtle species (Barbour's map turtle), abundance decreased in areas 

where adjacent riparian corridors had been disturbed by agriculture while the abundance of the red-

eared slider (Trachemys scripta), a cosmopolitan species, increased (Sterrett et al. 2011, entire). 

Agricultural practices such as use of glyphosate-based herbicides for weed control and animal waste 

for soil amendment are becoming common in many regions, and pose threats to biotic diversity in 

freshwater systems. Over the past two decades, these practices have corresponded with marked 

declines in populations of fish and mussel species in the Upper Conasauga River watershed in 

Georgia/Tennessee (Freeman et al. 2017, p. 419). A study in this watershed showed that nutrient 

enrichment of streams was widespread with nitrate and phosphorus exceeding levels associated with 

eutrophication, and hormone concentrations in sediments were often above those shown to cause 
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endocrine disruption in fish, possibly reflecting widespread application of poultry litter and manure 

(Lasier et al. 2016, entire). Researchers postulate that species declines observed in the Conasauga 

watershed may be at least partially due to hormones, as well as excess nutrients and herbicide 

surfactants (Freeman et al. 2017, p. 429). 

4.2.3 Development 

Urbanization is a significant source of water quality degradation that can reduce the survival of 

aquatic organisms. Urban development can stress aquatic systems in a variety of ways, including 

increasing the frequency and magnitude of high flows in streams, increasing sedimentation and 

nutrient loads, increasing contamination and toxicity, decreasing the diversity of fish, aquatic 

insects, plants, and amphibians, and changing stream morphology and water chemistry (Coles et al. 

2012, entire; CWP 2003; entire). Sources and risks of an acute or catastrophic contamination event, 

such as a leak from an underground storage tank or a hazardous materials spill on a highway or by 

train, increase as urbanization increases. 

4.2.4 Mining 

The rapid rise in urbanization and construction of large‐scale infrastructure projects are driving 

increasing demands for construction materials such as sand and gravel. Rivers are a major source of 

sand and gravel because transport costs are low; river energy produces the gravel and sand, thus 

eliminating the cost of mining, grinding, and sorting rocks; and the material produced by rivers 

tends to consist of resilient minerals of angular shape that are preferred for construction (Koehnken 

et al. 2020, p. 363). Impacts of sand and gravel mining can be direct or indirect. Direct impacts 

include physical changes to the river system and the removal of gravel and floodplain habitats from 

the system. Indirect impacts include shifting of habitat types due to channel and sedimentation 

changes; changes in water quality, which change the chemical and physical conditions of the 

system; and hydraulic changes which can impact movement of species and habitat availability. 

Gravel mining is a major industry in southeastern Louisiana, particularly along the Bogue Chitto 

River (Selman 2020c, p. 20).  In-stream and unpermitted point bar mining was observed in the late 
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1990s, and were considered to be the biggest concern for Graptemys species in the Bogue Chitto 

River (Shively 1999, pp. 10-11).  Gravel mining is perhaps still the greatest threat to the Pearl River 

system in southeastern Louisiana (Selman 2020c, p. 20). A recent comparison of aerial imagery 

from the mid-1908s and late 1990s with images from 2019 reveal increases in distribution and 

magnitude of gravel mines in the Bogue Chitto River system, and recent surveys have reported 

several areas where mining appears to have degraded water quality significantly (Selman 2020c, pp. 

20-21, and p. 40). 

4.3 Other Influences 

Several other influences may be impacting the viability of the species, including the introduction 

and persistence of invasive species, collection for the pet trade, potential impacts of disease, and the 

lack of understanding of important conservation components (data deficiency). 

4.3.1 Invasive Species 

It is estimated that 42% of Federally Threatened or Endangered species are significantly impacted 

by nonnative nuisance species across the nation and nuisance species are significantly impeding 

recovery efforts for them in some way (NCANSMPC 2015, pp.8-9). There are many areas across 

the Southeastern United States where aquatic invasive species have invaded aquatic communities; 

are competing with native species for food, light, or breeding and nesting areas; and are impacting 

biodiversity. When an invasive species is introduced it may have many advantages over native 

species, such as easy adaptation to varying environments and a high tolerance of living conditions 

that allows it to thrive in its nonnative range. There may not be natural predators to keep the 

invasive species in check; therefore, it can potentially live longer and reproduce more often, further 

reducing the biodiversity in the system. The native species may become an easy food source for 

invasive species, or the invasive species may carry diseases that wipe out populations of native 

species or displace the native species by consuming the resources that are needed to survive. The 

degree to which invasive species effect the Pearl River map turtle has not been studied, but the diet 

of mature females may have been broader before the introduction of Asian Clams (Corbicula 
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fluminea) and removal of invasive vegetation on sandbars has been suggested as nesting habitat 

management (Selman and Lindeman 2015, p. 794-795; Lindeman 2019, p. 33). 

4.3.2 Collection 

Due to the intricacy of the shell morphology, map turtles are popular in the pet trade (USFWS 2006, 

p. 2), both domestically and internationally. An analysis of online marketplace offerings in Hong 

Kong revealed that interest in turtles as pets is increasing, that many of the species offered for sale 

are from North America, and that there is a higher interest in rare species (Sung and Fong 2018, p. 

221). The common map turtle (Graptemys geographica) is one of three key species in the 

international trade of wildlife, with individuals being sold both as pets and incorporated into 

Chinese aquaculture for consumption (Luiselli at al. 2016, p. 170). Exploitation of Pearl River map 

turtles for the pet trade domestically and in Asian markets has been documented, but the degree of 

impact is unclear, as it is unknown whether captive individuals were Pascagoula map turtles or 

Pearl River map turtles (Lindeman 1998, p. 137; Cheung and Dudgeon 2006, p. 756; USFWS 2006, 

p. 2; Selman and Qualls 2007, p. 32-34; Ennen et al. 2016, p. 094.6). In a recent report of surveys 

conducted in the lower Pearl River in Louisiana, Selman (2020, p. 23) stated his belief that wild 

turtles are being captured and collected in the Pearl River system, and similar to what has been 

observed in other states, they are likely destined for the high-end turtle pet trade in China and 

possibly other southeast Asian countries. Selman (2020, pp. 22-23) received information from three 

different local individuals, at three different locations, concerning turtle bycatch or harvesting in 

local Louisiana waterways occupied by Pearl River map turtles. These locations included the Pearl 

River south of Bogalusa (possible mortality resulting from bycatch in hoop nets), the West Pearl 

River Navigation Canal (turtles captured and sold, possibly for shipment to China), and the Bogue 

Chitto River (local comment that baby turtles were being captured and shipped to China). The 

specific species captured were not documented, however it is likely that at least some of these 

turtles were Pearl River map turtles. 

U.S. Fish and Wildlife Service records information related to species exports in the Law 

Enforcement Management Information System (LEMIS). According to a LEMIS report from 2005 

to 2019, there were over 300,000 turtles identified as Graptemys spp. or their parts exported from 

the United States into 29 countries (see APPENDIX B). The number of turtles recorded in each 
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shipment ranged widely. Due to the similarity in appearance, species of Graptemys are difficult to 

differentiate. However, in 2005 when the highest number of Graptemys were exported (APPENDIX 

B), there were records of over 35,000 turtles (Graptemys spp.) in a single shipment to Spain and a 

total of 172,645 individual Graptemys exported to 24 different countries. There is some uncertainty 

in the sources of the exported turtles as they could have originated from captive stock or wild-

caught. The status and life history of map turtles makes them particularly vulnerable to 

overharvesting and it has been suggested that the trade in wild-caught animals should be halted or 

severally reduced (Schlaepfer et al. 2005, p. 263). 

Wanton shooting of turtles (documented for Graptemys sp.) may also impact populations 

(Buhlmann and Gibbons 1997, p. 222; Lindeman 1998, p. 137; USFWS 2006, p. 2), although it is 

not frequently reported, and thus difficult to study and/or quantify. 

4.3.3 Disease 

Ranaviruses are capable of infecting turtles. Aquatic turtles share habitat with susceptible fish and 

amphibian populations and as a result may be more at risk of infection than terrestrial turtles (Wirth 

et al. 2018, p. 6). Ranaviral infections are systemic, and there is often extensive damage to multiple 

organs during infection, especially the liver and spleen in reptiles (Wirth et al. 2018, p. 8). 

Susceptibility to disease may be increased by immunosuppressive effects to immune systems of 

aquatic turtles due to stressors such as pesticides, herbicides, and heavy metals that enter aquatic 

systems (Wirth et al. 2018, p. 13). Ranaviruses are likely underreported in turtles due to lack of 

awareness, few long-term studies on the pathology of disease in turtles, and minimal population 

monitoring (Wirth et al. 2018, p. 7). Few data are available for ranaviruses in Graptemys species; 

however, Mississippi map turtles (G. pseudogeographica kohni) have been infected under 

experimental conditions (Brenes et al. 2014, entire). Evidence of shell damage caused by disease 

has been documented in another megacephalic map turtle (G. barbouri), but the underlying disease 

was unknown (Lovich et al. 1996, p. 261). More recently, a new species of fungal pathogen (Order 

Onygenales) was isolated from shell lesions on freshwater aquatic turtles (Woodburn et al. 2019, 

entire). 
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4.3.4 Data Deficiency 

Data deficiency limits our understanding of this species, and a 2006 article ranking North American 

turtle and tortoise species by number of publications listed G. gibbonsi (before the Pearl River map 

turtle was taxonomically split and therefore combining publications on both species) as only the 

46th of 58 species (Lovich and Ennen 2013, p. 22), indicating that 78% of the turtle and tortoise 

species in North America have been studied more thoroughly. Selman and Jones attributed the data 

deficiency on the Pearl River map turtle to it being overshadowed by the listing status of and 

subsequent funding direction toward the sympatric ringed map turtle, as well as the prior taxonomy 

of the Pearl River map turtle encompassing a much larger range (2017, p. 27). A recent report 

acknowledged demographic bias issues with prior studies, summarized suggestions for future 

research, and acknowledged that variation in survey type and location make it difficult to tell 

whether apparent changes in abundance over time are the result of actual declines or the result of 

data collection bias (Lindeman 2019, pp. 25-32). Surveys have not been standardized for long-term 

monitoring of G. pearlensis. Much of what we know about G. pearlensis is based on opportunistic 

natural history observations, and many aspects of their biology have not been studied in detail, 

including fecundity, spatial ecology, microhabitat requirements, estimates of survivorship, diet via 

stable isotope analyses, temperature-dependent sex determination, salinity tolerance, disease, nest 

predation and flood mortality, demographic differences in habitat use (beyond basking structure), 

and the population-level impacts of anthropogenic activities and natural disasters. 

4.4 Conservation Measures 

4.4.1 Federal 

The Clean Water Act of 1972 regulates dredge and fill activities that would adversely affect 

wetlands. Such activities are commonly associated with dry land projects for development, flood 

control, and land clearing, as well as for water dependent projects such as docks/marinas and 

maintenance of navigational channels. The U.S. Army Corps of Engineers (Corps) and the 

Environmental Protection Agency (EPA) share the responsibility for implementing the permitting 

program under Section 404 of the Clean Water Act. Permit review and issuance follows a process 
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that encourages avoidance, minimizing and requiring mitigation for unavoidable impacts to the 

aquatic environment and habitats. This includes protecting the riverine habitat occupied by the Pearl 

River map turtle.  These laws have resulted in some enhancement of water quality and habitat for 

aquatic life, particularly by reducing point-source pollutants. 

The Endangered Species Act (Act) has as its primary purpose the conservation of endangered and 

threatened species and the ecosystems upon which they depend. Section 4 of the Act requires the 

Service to develop and implement recovery plans for the conservation of listed species in order to 

address the threats to their survival and recovery. Section 7 of the Act requires Federal agencies to 

evaluate their actions with respect to any listed species and their critical habitat, if designated. If a 

Federal action may affect a listed species or its critical habitat, the responsible Federal agency must 

enter into consultation with the Service and ensure that activities they authorize, fund, or carry out 

are not likely to jeopardize the continued existence of any listed species or destroy or adversely 

modify its critical habitat. 

The Pearl River map turtle likely receives ancillary protection (i.e., water quality improvements, 

protection from proposed geomorphological changes) where it co- occurs with three other species 

listed under the Endangered Species Act of 1973 (Act), the inflated heelsplitter (Potamilus inflatus) 

(U.S. Fish and Wildlife Service 1990, entire), Gulf sturgeon (Acipenser oxyrhynchus desotoi) (U.S. 

Fish and Wildlife Service 1991, entire), and ringed map turtle (G. oculifera) (U.S. Fish and Wildlife 

Service 1986, entire). Conservation measures that could benefit the Pearl River map turtle include 

when projects affecting one of these listed species results in consultation that reduces or mitigates 

impacts. In addition, critical habitat is designated for the Gulf sturgeon (U.S. Fish and Wildlife 

Service 2003, entire) and includes areas of the Pearl River and Bogue Chitto River occupied by the 

Pearl River map turtle. Federal agency actions within the Pearl River map turtle’s habitat that may 

require consultation due to affects to the above listed species include maintenance dredging for 

navigation in the lower Pearl River by the Corps and their issuance of section 404 Clean Water Act 

permits; construction and maintenance of gas and oil pipelines and power line rights- of-way by the 

Federal Energy Regulatory Commission; EPA pesticide registration; construction and maintenance 

of roads or highways by the Federal Highway Administration; and funding of various projects 
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administered by the U.S. Department of Agriculture’s Natural Resources Conservation Service and 

the Federal Emergency Management Agency. 

In 2000, the State Wildlife Grants (SWG) Program was created through the Fiscal Year 2001 

Interior Appropriates Act and provided funding to states "for the development and implementation 

of programs for the benefit of wildlife and their habitat, including species that are not hunted or 

fished.” The SWG Program is administered by the Service’s Division of Federal Aid and allocates 

federal funding for proactive nongame conservation measures nationwide. Congress stipulated that 

each state fish and wildlife agency that wished to participate in the SWG program develop a 

Wildlife Action Plan to guide the use of SWG funds (see discussion below regarding the plans 

developed by the Louisiana Department of Wildlife and Fisheries (LDWF) and Mississippi 

Department of Wildlife, Fisheries, and Parks (MDWFP). 

The National Wildlife Refuge System Administration Act (NWRAA) represents organic legislation 

that set up the administration of a national network of lands and water for the conservation, 

management, and restoration of fish, wildlife, and plant resources and their habitats for the benefit 

of the American people.  Conservation-minded management of public lands allows for: 1) natural 

processes to operate freely and thus changes to habitat occur due to current and future 

environmental conditions; 2) managing the use of resources and activities which minimizes 

impacts; 3) preservation and restoration to maintain habitats; and 4) reduction of the adverse 

physical impacts from human use.  Amendment of the NWRAA in 1997 required the refuge system 

to ensure that the biological integrity, diversity, and environmental health of refuges be maintained. 

The Pearl River map turtle occurs on the Bogue Chitto National Wildlife Refuge which occupies 

Pearl River County in Mississippi and St. Tammany and Washington Parishes in Louisiana.  A 

Comprehensive Conservation Plan (CCP) has been developed to provide the framework of fish and 

wildlife management on the refuge (U.S. Fish and Wildlife Service 2011, entire).  Within the CCP, 

specific actions are described to protect the ringed map turtle that will also benefit the Pearl River 

map turtle.  Actions include ongoing habitat management to provide downed woody debris for 

basking turtles and to maintain 330ft (100.6m) buffers along all named streams during forest 

habitat improvement and harvest to protect water quality in streams (U.S. Fish and Wildlife Service 

2011, p. 21, 73, 89, 179). 

Pearl River Map Turtle SSA V. 1.1 36 April 2021 



 

     
 
 

 

    

  

   

 

      

   

     

 

    

 

   

      

  

    

    

     

      

   

   

  

   

   

  

  

 

  

 

    

 

 

The National Forests in Mississippi have adopted, and in most cases exceeded, the best 

management practices (BMPs) (see discussion below of state BMPs) established by the state of 

Mississippi (U.S. Forest Service 2014, p. 66). These include practices such as establishing 

streamside buffer zones, restricting vegetation management in riparian zones, and employing 

erosion control measures. The Bienville National Forest has no known records for the Pearl River 

map turtle, but does contain tributaries that flow into the Pearl and Strong Rivers thus these 

practices may provide some protective measures for habitat occupied by the species downstream. 

The Sikes Act Improvement Act (1997) led to Department of Defense guidance regarding 

development of Integrated Natural Resources Management Plans (INRMP) for promoting 

environmental conservation on military installations. The U.S. Navy operates the Stennis Western 

Maneuver Area (Stennis WMA) located along the western edge of the NASA Stennis Space Center 

and incorporated into the Stennis Space Center Buffer Zone. The Stennis WMA encompasses a 4-

mile reach of the East Pearl River and a smaller eastern tributary named Mikes River (Buhlman 

2014, p. 4) in Hancock and Pearl River Counties, Mississippi. These river reaches are used by the 

Navy’s Construction Battalion Center for riverboat warfare training. The western bank of the East 

Pearl River denotes the boundary of the Navy property and is managed as the Pearl River Wildlife 

Management Area by the state of Louisiana (see below under State/Louisiana). There are records of 

the Pearl River map turtle from Stennis WMA (Buhlman 2014, pp. 11-12, 31-32). The U.S. Navy 

has developed an INRMP for the Stennis WMA (U.S. Navy 2011, entire). Measures within the 

INRMP expected to protect listed species, and also provide a level of protection for the Pearl River 

map turtle, include erosion and storm water control, floodplain management, invasive plant species 

management, and the use of an ecosystem approach to general fish and wildlife management (U.S. 

Navy 2011, pp. 4-4 through 4-20). The work summarized in the Buhlman report (2014, entire) was 

conducted as part of rare, threatened and endangered species surveys implemented in compliance 

with the Act and described in the INRMP (U.S. Navy 2011, p. 9). 

4.4.2 Convention on International Trade in Endangered Species of Wild Fauna and Flora-

Appendix III 
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All species of Graptemys are included on the Convention on International Trade in Endangered 

Species of Wild Fauna and Flora’s (CITES) Appendix III (CITES 2019, p. 43). The Pearl River 

map turtle was added to the CITES Appendix III list in 2006 (USFWS 2005, entire). Appendix III is 

a list of species included at the request of a Party that already regulates trade in the species and 

needs the cooperator of other countries to prevent unsustainable of illegal exploitation. International 

trade in specimens of species listed in this Appendix is allowed only on presentation of the 

appropriate permits or certificates. 

4.4.3 State/Louisiana 

The Pearl River map turtle is globally ranked G2G3 (imperiled) and state-ranked S3 (rare and local 

throughout the state or found in a restricted region of the state, or because of other factors making it 

vulnerable to extirpation) in Louisiana (Holcomb et al. 2015, p. 624). Protections under state law 

for collecting the Pearl River map turtle are limited to licensing restrictions for turtles. In Louisiana, 

a recreational basic fishing license is required but allows unlimited take of most species of turtles, 

including the Pearl River map turtle; exceptions are that no turtle eggs or nesting turtles may be 

taken (LDWF 2020a, p. 50-51). A recreational gear license would also be required for operating 

specified trap types (see Louisiana's regulations for details on trap types), for instance, five or less 

hoop nets; greater than five hoop nets requires a Commercial Fisherman License. The Pearl River 

map turtle has no state status under Louisiana regulations or law (LDWF 2020b, entire). 

Louisiana Scenic Rivers Act (1988) was established as a regulatory program which is administered 

by LDWF through a system of regulations and permits. Certain actions that may negatively affect 

the Pearl River map turtle are either prohibited or require a permit on rivers included on the natural 

and scenic river list. Prohibited actions include channelization, channel realignment, clearing and 

snagging, impoundments, and commercial clearcutting within 100ft (30.5m) of the river low water 

mark (Louisiana Department of Agriculture and Forestry (LDAF) undated, p. 45). Permits are 

required for river crossing structures, bulkheads, land development adjacent to the river, and water 

withdrawals (LDAF undated, p. 45). Rivers with the natural and scenic river designation which are 

occupied by the Pearl River map turtle include the Bogue Chitto River, Holmes Bayou, and West 
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Pearl River in St. Tammany Parish; and Pushepatapa Creek in Washington Parish (LDAF undated, 

p. 48). 

Additional protected areas of Pearl River map turtle habitat in Louisiana include the Pearl River 

Wildlife Management Area located in St. Tammany Parish and Bogue Chitto State Park located on 

the Bogue Chitto River in Washington Parish. A master plan for management of Wildlife 

Management Areas and State Refuges has been developed for Louisiana which describes the role of 

these lands in improving wildlife populations and their habitat including identifying and prioritizing 

issues threatening wildlife resources (LDWF and The Conservation Fund 2014, entire). Bogue 

Chitto State Park is managed by the Louisiana Department of Culture, Recreation, and Tourism to 

preserve and enhance Louisiana’s heritage and natural landscape; provide cultural and recreational 

resources; and promote the use of these resources by the public (State of Louisiana 2019, p. 3). 

The Louisiana State Comprehensive Wildlife Action Plan (Holcomb et al. 2015, entire) was 

developed as a roadmap for nongame conservation in Louisiana. The primary focus of the plan is 

the recovery of Species of Greatest Conservation Need (SGCN), those wildlife species in need of 

conservation action within Louisiana which include the Pearl River map turtle. Specific actions 

identified for the Pearl River map turtle include conducting ecological studies of the turtle’s 

reproduction, nest success, and recruitment as well as developing general population estimates via 

mark and recapture studies (Holcomb et al. 2015, p. 69).  Recent Pearl River map turtle survey 

work in Louisiana was conducting using funding from the SWG program (Selman 2020c, entire). 

4.4.4 State/Mississippi 

The Pearl River map turtle is globally ranked G2G3 (imperiled) and S2 (imperiled because of rarity 

or because of some factor making it very vulnerable to extinction) in Mississippi, (Mississippi 

Museum of Natural Science  2015, p. 38), but is not listed on the Mississippi state list of protected 

species (Mississippi Natural Heritage Program 2015, entire). Protections under state law are limited 

to licensing restrictions for take for personal use of nongame species in need of management (which 

includes native species of turtles). A Mississippi resident is required to obtain one of three licenses 

for capture and possession of Pearl River map turtles (Mississippi Commission on Wildlife, 
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Fisheries, and Parks, Mississippi Department of Wildlife, Fisheries, and Parks 2016, pp. 3-5). The 

three licenses available for this purpose are a Sportsman License, an All Game Hunting/Freshwater 

Fishing License, and a Small Game Hunting/Freshwater Fishing License. A Nonresident would 

require a Nonresident All Game Hunting License (Mississippi Department of Wildlife, Fisheries, 

and Parks 2020, entire). Restrictions on take for personal use include that no more than four turtles 

of any species or subspecies may be possessed or taken within a single year, and that no turtles may 

be taken between April 1st and June 30th except by permit from the Mississippi Department of 

Wildlife, Fisheries, and Parks (Mississippi Commission on Wildlife, Fisheries, and Parks, 

Mississippi Department of Wildlife, Fisheries, and Parks 2016, pp. 3-5). 

The Mississippi Comprehensive Wildlife Action Plan (MMNS 2015, entire) was developed to 

provide a guide for effective and efficient long-term conservation of biodiversity in Mississippi.  As 

in Louisiana, the primary focus of the plan is on the recovery of species designated as SGCN which 

includes the Pearl River map turtle. Specific actions identified for the Pearl River map turtle in 

Mississippi include planning and conducting status surveys for the species (MMNS 2015, p. 686). 

Lands managed for wildlife by the state of Mississippi, which may provide habitat protections for 

the Pearl River map turtle, include the Old River Wildlife Management Area, Pearl River County 

and Pearl River Wildlife Management Area, Madison County.  In addition, a ringed map turtle 

sanctuary was designated in 1990 by the Pearl River Valley Water Supply District (District) north 

of the Ross Barnett Reservoir, Madison County. One of the goals of management on Wildlife 

Management Areas in Mississippi is to improve wildlife populations and their habitat (MDWFP 

2020, entire).  The District sanctuary is approximately 19.3 rkm (12 rm) north from Ratliff Ferry to 

Lowhead Dam on the Pearl River (U.S. Fish and Wildlife Service 2010, p. 4). Within the sanctuary, 

the District is required to maintain informational signs to facilitate public awareness of the 

sanctuary and of the importance of the area to the species; conduct channel maintenance by 

methods which do not hinder the propagation of the species; and record a notation on the deed of 

the property comprising the sanctuary area that will in perpetuity notify transferees that the 

sanctuary must be maintained in accordance with the stated provisions (U.S. Fish and Wildlife 

Service 2010, p. 4). 
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4.4.5 Voluntary 

Most of the land adjacent to the Pearl and Bogue Chitto Rivers in Louisiana and Mississippi is 

privately owned and much of it is managed for timber. Both states have developed voluntary BMPs 

for forestry activities conducted in their respective states. In addition, the forest industry has a 

number of forest certification programs, such as the Sustainable Forestry Initiative, which require 

participating landowners to meet or exceed state forestry BMPs. Silvicultural practices implemented 

with BMPs reduce negative impacts to aquatic species through reductions in nonpoint source 

pollution. Although nonpoint source pollution is a localized threat to the Pearl River map turtle, it is 

less prevalent in areas where certified BMPs are utilized. In Louisiana, BMPs include streamside 

management zones (SMZ) of 50ft (15.24m) measured from the top of the streambank, for streams 

of less than 20ft (6.1m) under estimated normal flow, to a width of 100ft (30.5m) for streams more 

than 20ft (6.1m) wide (LDAF undated, p. 15). BMP guidance includes maintaining adequate forest 

canopy cover for normal water and shade conditions as well as an appropriate amount of residual 

cover to minimize soil erosion (LDAF undated, p. 14). An overall rate of 97.4 percent of 204 

forestry operations surveyed by the LDAF in 2018 complied with the state’s voluntary guidelines; 

compliance with guidelines in SMZs was 98.6 percent (LDAF 2018, entire). The state of 

Mississippi has voluntary BMPs developed by the Mississippi Forestry Commission (MFC) (MFC 

2008, entire). These BMPs include SMZs with the purpose of maintaining bank stability and 

enhancing wildlife habitat by leaving 50 percent crown cover during timber cuts (MFC 2008, p. 6). 

The width of SMZs is based on slope, with a minimum SMZ width of 30ft (9.14m) extending to 

60ft (18.3m) at sites with over 40 percent slope (MFC 2008, p. 6). The most recent monitoring 

survey of 174 Mississippi forestry sites indicated that 95 percent of applicable sites were 

implemented in accordance with the 2008 guidelines (MFC 2019, p. 6). 
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CHAPTER 5 – CURRENT CONDITION 

As the population is a biologically meaningful unit in an analysis of resilience, which is then scaled 

up to redundancy and representation at the species scale, appropriately defining and delineating 

populations is a crucial step to assess species viability. Below we discuss the challenges of 

delineating populations for the Pearl River map turtle and our approach. After delineating resilience 

units (i.e. populations), we then assessed the resilience of each unit as described in the following 

sections by synthesizing the best available information about observations and other important 

metrics thought to be important for viability of the Pearl River map turtle. Resilience of these units 

was used to assess current redundancy and representation for the species. 

5.1  Delineating Resilience Units 

Home range sizes and movements for Pearl River map turtle are not well known, so delineating 

biological populations is not feasible. Thus, we delineated what we term “resilience units” for the 

species to assess resilience. These units are not meant to represent “populations” in a biological 

sense; they may represent multiple or portions of groups of demographically-linked interbreeding 

individuals. As data are not available to delineate biological populations at this time, these units 

were intended to subdivide the species range in a way that facilitates assessing and reporting the 

variation in current and future resilience across the range. 

Pearl River map turtle resilience units were delineated using HUC8 (8-digit hydrologic unit code) 

hydrologic units, taken from the USGS Water Boundary Dataset (USGS 2019a, unpaginated). 

HUC8 hydrologic units correspond to watersheds, with units denoted by fewer digits (e.g., HUC6) 

corresponding to larger units (basin), and those with more digits (e.g., HUC10 or HUC12) 

corresponding to smaller units or subwatersheds. Hydrologic units of smaller sizes (more digits) are 

nested within units of larger sizes (fewer digits). We used HUC 8 watersheds because that level 

best represented the distribution of the turtle in the mainstem and tributaries. 

For the purpose of this SSA, we delineated five resilience units of Pearl River map turtles based on 

HUC8 watersheds and in accordance with guidance from species experts. These units are: Upper 
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Pearl, Middle Pearl-Silver, Middle Pearl-Strong, Bogue Chitto, and Lower Pearl (Figure 5.1). 

Historically, the majority of the range of the species was likely connected in a single interbreeding 

biological population, but we used the five analysis units in the SSA to most accurately describe 

trends in resiliency, forecast future resiliency, and capture differences in stressors among units. 

Figure 5.1-Pearl River map turtle resilience units delineated using HUC8 watersheds. 
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5.2 Population Resiliency 

To assess current resiliency of Pearl River map turtle populations, we assessed the condition of two 

population factors within each analysis unit: 1) species presence using occupied tributaries and 2) 

density and abundance, and four habitat factors: 1) water quality, 2) forested riparian cover, 3) 

protected land, and 4) presence of channelization/reservoirs/gravel mining. These influences on 

population resiliency will hereafter be referred to as population and habitat factors, or collectively 

as resiliency factors. 

5.2.1 Population Factor: Presence using Occupied Tributaries 

For a given population to be resilient, the species must be present. Furthermore, although Pearl 

River map turtle relative abundance is typically much higher within mainstem reaches, presence of 

the species within tributary systems can contribute to resiliency by increasing the number of 

occupied miles of stream within a given unit, and also by providing refugia from catastrophic 

events, such as spill events or flooding. Insulation against threats in tributaries is important to the 

conservation status of the species, because the relatively tributary-poor Pearl River drainage (e.g. 

compared to the Pascagoula basin) has considerably more plans for projects that would degrade 

habitat for the species, including several proposed reservoirs (Lindeman 2013, pp. 202-203). 

Forty-nine percent (49%) of the total range occupied by the Pearl River map turtle is in the 

mainstem Pearl and West Pearl rivers, with the remaining 51% of the occupied range found in 

various tributary systems (Lindeman 2019, p. 19). Tributary populations have been shown to be less 

densely populated compared to mainstem populations, although some tributaries (e.g. Bogue Chitto 

River) contain relatively large populations of Pearl River map turtles, including some that have only 

recently been discovered. For example, the species was first found in Yockanookany Creek in 1994, 

and extensive upstream range extensions have now been reported in several tributary systems, 

including Yockanookany Creek, Strong River, and Bogue Chitto River (Lindeman 1998, p. 139; 

Lindeman 2013, p. 298; Lindeman 2019, p. 50); these three tributaries together are inhabited by 

nearly one-third of the entire species, with nearly half occurring in stretches not known to be part of 

the species’ range prior to the 21st century (Lindeman 2019, p. 23). 
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In order to assess occupied tributaries, we used survey data collected from 2005-2020. These data 

were collected by several different observers through a variety of survey types, including bridge 

surveys, basking surveys, and live trapping.  Surveys were not repeated or standardized over time, 

thus we cannot assess trends in occupancy; rather, we consider a drainage occupied if it has been 

seen within the 2005-2020 time period.  We used 2005 as the cutoff based on the species’ biology 

and expert input. Females typically reach sexual maturity after eight years, so 15 years captures 

approximately two generations. Also, species experts noted that most surveys conducted for the 

species have occurred after 2005. When assessing occupancy of tributaries, we considered both 

occupied tributaries and tributaries that were surveyed, but no Pearl River map turtles were found 

(i.e. inferred absence; Figure 5.2). We established thresholds for occupied tributaries by applying 

the following rule set: 

• Very Low: no currently occupied tributaries 

• Low: between 1-24% of surveyed tributaries are currently occupied 

• Moderate: between 25-49% of surveyed tributaries are currently occupied 

• High: 50% or more of surveyed tributaries are currently occupied 

Using this rule set, we found that one unit was determined to be ranked very low (Middle Pearl 

Silver); three ranked moderate (Upper Pearl, Bogue Chitto, and Lower Pearl); and one ranked high 

(Middle Pearl Strong) (Table 5.1). The Middle Pearl Silver unit has four surveyed tributaries, and 

there have been no detections within any of those tributaries, leading to the very low rank. In the 

Lower Pearl, although only 43% of surveyed tributaries were found to be occupied, this unit had by 

far, the most occupied tributaries (7), thus the moderate rank is likely more a function of survey 

effort. Half of the tributaries surveyed within the Middle Pearl Strong unit were found to be 

occupied, giving it a high rank. 

Pearl River Map Turtle SSA V. 1.1 45 April 2021 



 

     
 
 

  

 

  

 

  
 

 
  

 

     

     

     

     

     

 

Table 5.1-Assessment of tributaries found to be occupied for the Pearl River map turtle.  Rank is 

based off of the % of occupied tributaries surveyed: very low (no occupied tributaries); low (1-24% 

occupied tributaries); moderate (25-49% occupied tributaries); high (50% or more occupied 

tributaries). 

Unit # Surveyed 
Tributaries 

# Occupied 
Tributaries 

% Occupied 
Tributaries 

Rank 

Upper Pearl 7 3 43% Moderate 

Middle Pearl Strong 6 3 50% High 

Middle Pearl Silver 4 0 0 Very Low 

Bogue Chitto 5 2 40% Moderate 

Lower Pearl 15 7 43% Moderate 
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Figure 5.2-Surveyed streams across all Pearl River map turtle units. Occupied tributaries (green), 

unoccupied tributaries (red), and mainstem reaches (blue) shown.  

5.2.2 Population Factor: Density and Abundance 

The influence of stochastic variation in demographic (reproductive and mortality) rates is much 

higher for small populations than large ones. Stochastic variation in demographic rates causes small 

populations to fluctuate randomly in size. In general, the smaller the population, the greater the 
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probability that fluctuations will lead to extinction. There are also genetic concerns with small 

populations, including reduced availability of compatible mates, genetic drift, and low genetic 

diversity or inbreeding depression. Small populations of Pearl River map turtles inherently have low 

resilience, leaving them particularly vulnerable to stochastic events. 

Because we do not have historical surveys to use as a baseline to compare current abundance 

estimates, we cannot make inferences as to whether populations are decreasing, increasing, or stable 

through time. However, a recent study combined data from point counts, basking density surveys, 

and trapping from 2006–2018 to estimate density and abundance for stream segments throughout 

the range of the Pearl River map turtle (Lindeman 2019, p. 11-12). The global population was 

estimated to be 21,841 individuals, with 61% occurring on mainstem reaches, 34% occurring in 

four large tributaries, and the remaining 5% spread amongst other smaller tributaries (Lindeman, 

2019 p. 21). Generally, abundance of the species declined with the size of the river reach surveyed, 

where tributaries generally had lower numbers of turtles compared to mainstem reaches (Lindeman 

2019, p. 13). For example, basking density was found to be 2.2 times higher on mainstem reaches as 

on tributary reaches and 2.1 times higher on large tributaries than on small tributaries (Lindeman 

2019, p. 15).  

Based on basking density surveys and on results of point counts, each river drainage was divided 

into river reaches that were categorized as high, moderate, low, and very low density. Lindeman 

(2019, p. 20) assigned these categories based on typical basking densities of 10, 3, 1, and 0.7 

individuals/rkm, respectively, and these categories comprised 3%, 68%, 16%, and 14%, 

respectively, of the total range of the Pearl River map turtle. 

We used the density categories from Lindeman (2019, p. 47) to assess density of mainstem reaches 

and large tributaries as a population factor for this SSA. As discussed in the next section, we then 

combined the density score and occupied tributary score for each unit to come up with a composite 

population factor. 
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Table 5.2-Density of mainstem reaches and large tributaries within the analysis units (in bold) of 

Pearl River map turtles based on Lindeman (2019, p. 47).  *a 19.5 rkm (12.1 rm) stretch was 

assessed as very low by Lindeman, however most of the occupied tributary was classified as 

moderate.  **a 33.4 rkm (20.7 rm) stretch of mainstem reach was assessed as high by Lindeman, 

however the majority of the mainstem within this unit was classified as moderate. 

Unit/Stream Density Class 
Bogue Chitto Moderate 

Bogue Chitto (large trib) Moderate/Very Low* 
Lower Pearl Low 

East Pearl (large trib) Low 
Pearl River (mainstem) Moderate 
West Pearl (mainstem) Low 

Middle Pearl Silver Moderate 
Pearl River (mainstem) Moderate 

Middle Pearl Strong Moderate 
Pearl River (mainstem) Moderate 

Strong River (large trib) Moderate 
Upper Pearl Moderate 

Pearl River (mainstem) Moderate/High** 
Yockanookany Creek Moderate 

5.2.3 Population Factor: Composite Score 

To determine a composite score for population factors within individual units, we combined the 

results of the assessment of occupied tributaries (Table 5.1) and density classes of mainstream 

reaches and large tributaries (Table 5.2). Classifications were averaged together for each population 

factor as if very low, low, moderate, and high were equal to values of 1, 2, 3, and 4 respectively. If 

averaging the two factors resulted in a value ending in .5, the score was weighted more heavily 

towards the density factor. For example, if the occupied tributary’s rank was assessed as low, and 

density was assessed as moderate, the composite score would be moderate due to heavier weighting 

given to density. Composite population factor scores were then categorized on a very low (1), low 

(2), moderate (3), and high (4) scale. 
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Table 5.3-Population factor composite score for each unit based on the combination of the occupied 

tributaries and density population factors. Density was weighted slightly higher in the assessment. 

Unit Occupied Tribs Density Composite Score 

Bogue Chitto Moderate Moderate Moderate 

Lower Pearl Moderate Low Low 

Middle Pearl Silver Very Low Moderate Low 

Middle Pearl Strong High Moderate Moderate 

Upper Pearl Moderate Moderate Moderate 

5.2.4 Habitat Factor: Water Quality 

As mentioned previously, water quality is an important component of Pearl River map turtle 

resilience because it affects how well they survive and reproduce. In the absence of site-specific 

water quality measurements taken at occurrence locations within each unit, we used data available 

at the resiliency unit scale from land cover data that were compiled from the 2016 National Land 

Cover Dataset (NLCD) Version 1, accessed via the Multi-Resolution Land Characteristics (MRLC) 

consortium online to characterize nonpoint source pollution (i.e., development and agriculture) 

(MRLC 2016, unpaginated). 

Land use can be an indicator of overall watershed health and provide insight into water quality.  

Agricultural land use within riparian zones has been shown to directly impact biotic integrity when 

assessed within the intermediate-sized zones (i.e., 200ft (61m) buffer) surrounding the streams in 

the region (Diamond et al. 2002, p. 1150). Urbanization has also been shown to impair stream 

quality by impacting riparian health (Diamond et al. 2002, p. 1150). We assessed watershed health 

by combining several metrics within each resilience unit: percent urbanization and agriculture land 

use at the watershed level, as well as riparian effects, which included urbanization and agriculture 

within close proximity to the stream 200ft (61m)) buffer from the center of the waterbody). Many 

riparian BMPs stipulate maintaining a natural buffer of 100ft (30m) to protect water quality, thus 

the buffer chosen for our analysis captures the area adjacent to the stream that is believed to be most 

important to water quality (EPA 2005, p. 9). 
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5.2.4.1 Watershed Health 

Increased agricultural land use within a watershed has the potential to increase nutrient and other 

pollutant-loading to stream systems. In addition to other impacts on aquatic habitat structure and 

quality, urban cover increases runoff volume into streams, likely increasing loads of sediments, 

nutrients, metals, pesticides, and other nonpoint source pollutants (CWP 2003, entire).  Watershed 

health within populations boundaries and riparian buffers were calculated using urban and 

agricultural land use information. Land cover data were compiled from the 2016 NLCD land use 

land cover data set. We combined the low, medium, and high intensity development into a single 

developed land class. We combined hay/pasture and cultivated crops land use classes into a single 

agriculture land class. To calculate percentages of development and agriculture across the unit, we 

simply divided the corresponding land class by the total acreage of the unit. To calculate 

percentages of development and agriculture within riparian buffers, we divided the corresponding 

land class by the total acreage of the buffer around each occupied stream.  

To establish current water quality levels within a unit, we created thresholds of low, moderate, and 

high threats to Pearl River map turtles. By creating these levels, we enable an assessment of the 

projected changes in the levels of these threats in future scenarios, as well as subsequent predictions 

about changes in resilience. The scaling of urban watershed impacts was derived from the 

Impervious Cover Model (ICM) and studies on amphibians and other taxa (Schueler 1994, entire) 

which is widely used in planning and zoning. An updated model includes ranges of impervious 

cover likely impacting stream quality (Schueler et al. 2009, p. 313) and indicates good stream 

quality is <5-10% impervious cover, fair quality (i.e., impacted) ranges from 5-25% impervious 

cover, and poor quality occurs at >20-25% impervious cover within the watershed. Several other 

studies have found impacts of urbanization on biotic health occur at 8-12% impervious cover 

(Wang et al. 2001 p. 259), although results from a recent study in the Etowah (Wenger et al. 2008, 

pp.1260-1261) indicate some species could become rare at impervious cover as low as 2%.  

Pearl River Map Turtle SSA V. 1.1 51 April 2021 



 

     
 
 

 

 

 

    

   

 

 

   

    

  

 

   

  

   

 

  

 

  

  

  

 

    

 

   

   

  

 

  

   

5.2.4.2 Riparian Health 

Riparian impairment, either through urbanization or agriculture use, can amplify negative effects of 

nonpoint source pollution within the watershed as well as impact stream quality independent of land 

use within the watershed. Impacts from impervious cover can be mitigated through riparian forest 

cover and good riparian health (Roy et al 2005, p. 2318; Walsh et al. 2005, entire); however, several 

studies have indicated benefit of the riparian cover diminishes when impervious cover (i.e. urban 

cover) exceeds ~10% within the watershed (Booth and Jackson 1997, p. 1084; Goetz et al. 2003, p. 

205). Diamond et al. (2002, entire) assessed the relationship between human land uses (urban and 

agriculture) and fauna in the Clinch and Powell River watersheds in Tennessee and Virginia. They 

found that when urban areas and major highways approached 12.2% cover within 200ft (61m) of 

the stream, the stream was more likely to be classified as impaired within the Clinch River, Powell 

River, and Copper Creek while unimpaired sections of those streams averaged 5.6% urban cover 

(Diamond et al. 2002, p. 1151). We calculated percent cover of urban land use within 200ft (61m) 

of each stream in each population and classified percentages to a low(<6%)-moderate(6-12%)-

high(>12%) threat scale (Table 5.4). 

Like the effects of urban use in riparian zones, agricultural impacts can directly decrease riparian 

vegetation cover and health. Agricultural practices within the riparian zones can further impact 

water quality and aquatic organisms via increased exposure to chemical fertilizers, pesticides, 

livestock waste, and sedimentation which has been implicated in amphibian malformation, 

susceptibility to disease, and declines in population numbers, reproductive success, and biodiversity 

(Beja and Alcazar 2003, entire; Montag et al. 2019, entire; Burkholder et al. 2007, pp. 309-310). 

There is little information regarding the threshold for agriculture land use within a riparian area that 

will begin to have an impact on stream water quality. Therefore, we used the thresholds for urban 

land use to inform thresholds for agricultural land cover. However, because the relationship 

between area of agricultural land and water quality is less certain than the relationship between 

urban area and water quality, we reduced the number of classifications used to assess agricultural 

land use threats (Table 5.5). A threshold of 10%, rather than the 5% threshold used for urban 

development, to distinguish between low and moderate levels of threats is reasonable because it is 

in line with suggested values from the literature (i.e. 8-12% threshold; Wang et al. 2001 p. 259; 
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Schueler et al. 2009, p. 313), and agriculture is typically not associated with high amounts of 

impervious cover, thus % agriculture of <10% is unlikely to significantly impact infiltration 

capacity, and thus water quality. 

Table 5.4. Metrics used to categorize impacts of urbanization within units. 

% Urban in unit 
0-5% 5 10% 10 20% >20% 

Urban Cover 
in Riparian 

Areas 

Low (0-6%) Low Low Moderate High 

Moderate (6-12%) Low Moderate Moderate High 
High (>12%) High High High High 

Table 5.5. Metrics used to categorize impacts of agriculture within units. 

% Agriculture in unit 
0-10% 10 20% >20% 

Ag Cover in 
Riparian 

Areas 

Low (0-10%) Low Moderate High 

Moderate (10-20%) Low Moderate High 
High (>20%) High High High 

5.2.4.3 Land Use Composite Score 

In our analysis, overall watershed health within a population is considered to be influenced by a 

combination of direct impacts by urbanization and agriculture. To generate a single composite score 

for watershed health for each unit, all agriculture and urban composite water quality scores were 

combined. Classifications were averaged together for each composite watershed score as if low, 

moderate, and high threats were equal to values of 1, 2, and 3, respectively. If averaging the two 

factors resulted in a value ending in .5, the overall water quality score was rounded down (rather 

than typical mathematical convention of rounding up) to be conservative (i.e. to avoid 

underestimating threats derived from land use). Composite population land use scores were then 

categorized on a low (1)-moderate (2)-high (3) threat scale. 
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5.2.4.4 Results 

Results for land use across the watersheds and within riparian areas, along with their overall 

composite classification scores, are summarized in Appendix A and Tables 5.6-5.10.  Land use 

composite scores for all 5 units were moderate. In fact, the only stream that was assessed as having 

a relatively high degree of threat based on land use, was the Lower Pearl, driven primarily by a high 

degree of development within the riparian buffer (33%). In general, development is low throughout 

the Pearl River basin, although there is significant development across the Middle Pearl Strong Unit 

(12% development), where the city of Jackson is located. Agriculture is generally high across the 

Pearl River basin, where levels of agriculture within the units ranged from 12-23%, with the Bogue 

Chitto Unit having the highest levels of agriculture. 

Table 5.6-Composite land use score for streams within the Bogue Chitto unit, and for the entire 
unit, based on development and agriculture levels. Streams in bold are mainstem reaches; all other 
streams are considered tributaries. 

Stream Developed Agriculture Composite Land Use Score 

Bogue Chitto Low High Moderate 

Magees Low High Moderate 

Topisaw Low High Moderate 

Bogue Chitto Unit Moderate 
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Table 5.7-Composite land use score for streams within the Lower Pearl unit, and for the entire unit, 
based on development and agriculture levels. Streams in bold are mainstem reaches; all other 
streams are considered tributaries. 

Stream Developed Agriculture Composite Land Use Score 

East Pearl Low Moderate Moderate 

Hobolochitto Low Moderate Moderate 

Holmes Bayou Low Moderate Moderate 

Lower Pearl High Moderate Low 

Navigation Canal Low Moderate Moderate 

Pushepatapa Low Moderate Moderate 

West Hobolochitto Low Moderate Moderate 

West Pearl Low Moderate Moderate 

Lower Pearl Unit Moderate 

Table 5.8- Composite land use score for streams within the Middle Pearl Silver unit, and for the 
entire unit, based on development and agriculture levels. Streams in bold are mainstem reaches; all 
other streams are considered tributaries. 

Stream Developed Agriculture Composite Land Use Score 

Middle Pearl Silver Low Moderate Moderate 

Table 5.9-Composite land use score for streams within the Middle Pearl Strong unit, and for the 
entire unit, based on development and agriculture levels. Streams in bold are mainstem reaches; all 
other streams are considered tributaries. 

Stream Developed Agriculture Composite Land Use Score 

Middle Pearl Strong Moderate Moderate Moderate 

Pelahatchie Moderate Moderate Moderate 

Purvis Moderate Moderate Moderate 

Strong Moderate Moderate Moderate 

Middle Pearl Strong Unit Moderate 
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Table 5.10-Composite land use score for streams within the Upper Pearl unit, and for the entire unit, 
based on development and agriculture levels. Streams in bold are mainstem reaches; all other 
streams are considered tributaries. 

Stream Developed Agriculture Composite Land Use Score 

Lobutcha Low Moderate Moderate 

Tuscolometa Low Moderate Moderate 

Upper Pearl Low Moderate Moderate 

Yockanookany Low Moderate Moderate 

Upper Pearl Unit Moderate 

5.2.5 Habitat Factor: Channelization/Reservoirs/Gravel Mining 

Channel modification is recognized as a cause of decline in the similar and sympatric species, the 

ringed map turtle (G. oculifera), which is federally threatened (Lindeman 1998, p. 137).  Stream 

channelization, point-bar mining, and impoundment have been listed as potential threats in a report 

from before the Pascagoula map turtle and Pearl River map turtle were taxonomically separated 

(USFWS 2006, p. 2).  Gravel mining has been identified as perhaps the greatest threat to the Pearl 

River system in southeastern Louisiana (Selman 2020c, p. 20). Gravel mining can degrade water 

quality, increase erosion, and ultimately impact movement and habitat quality for aquatic species 

such as the Pearl River map turtle (Koehnken et al. 2020, p. 363).  We assume that substantial 

channelization, the presence of a major reservoir, or evidence of gravel mining operations has a 

negative impact on resiliency, and include these as a resilience factor.  Below we describe several 

areas where alteration of streams has likely led to declines in Pearl River map turtles, and assess the 

condition category for each unit (Table 5.11). 

Considerably low densities of Pearl River map turtles were observed in the Lower Pearl unit, where 

much channelization and flow diversion has occurred (Lindeman 2019, p. 23-29).  Low densities of 

Pearl River map turtles in the West and East Pearl rivers, have been attributed to flow alteration due 

to the construction of the Pearl River Navigation Canal, which also has very low densities, 

suggesting that substantial loss of population in the lower reaches of the Pearl River drainage has 

occurred historically due to river engineering (Lindeman 2019, p. 27). Significantly lower basking 
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densities of Pearl River map turtles have been reported in the West Pearl (0.1/rkm) compared to the 

upper Pearl (1.8/rkm) (Dickerson and Reine 1996, Table 4, unpaginated; Selman 2020c, pp. 17-18).  

Because of these stream alterations, we assessed the Lower Pearl unit as low (i.e. high degree of 

threats) for this factor. 

Within the Middle Pearl Strong unit, 33.6 rkm (20.9 rm) of the middle Pearl River is inundated by 

the Ross Barnett Reservoir.  The Ross Barnett Reservoir has greatly reduced habitat suitability of 

5% of the mainstem Pearl River by altering the lotic (flowing water) habitat preferred by Pearl 

River map turtles to lentic (lake) habitat.  In addition, declines in population densities have been 

observed upstream and downstream of the Ross Barnett Reservoir.  Declines in population densities 

upstream of the reservoir are possibly due to recreational boating and extended recreational foot 

traffic or camping on sandbars by reservoir visitors (Selman and Jones 2017, p. 32-34).  Between 

the late 1980s and early 2010s, notable population declines have been observed in the stretch of the 

Pearl River downstream of the Ross Barnett Reservoir (Selman 2020d, p. 194).  It is unknown why 

the population declined, but altered hydrology of this reach may have had an impact. Plans for new 

reservoirs on the Pearl River both upstream and downstream of Jackson have been or are being 

considered (Lindeman 2013, pp. 202-203). Researchers have estimated that up to 170 individual 

Pearl River map turtles could be directly impacted, and up to 360 indirectly impacted, both 

upstream and downstream, by the One Lake Project, one of several proposed impoundments 

(Selman 2020d, p. 192).  Near Jackson, Mississippi, river channelization has also impacted the 

species habitat negatively, and Pearl River map turtles are almost non-existent in a highly 

channelized stretch of the Pearl River (Selman 2020d, p. 194).  However, upstream and downstream 

of this section, the species occurs in low numbers (Selman 2020d, pp. 192-194). Due to the 

presence of the Ross Barnett Reservoir, and the river channelization that has occurred in and around 

Jackson, we assessed the Middle Pearl Strong unit as low for this factor. 

In the Upper Pearl unit, channelization has occurred along Tuscolameta Creek and the upper 

Yockanookany River. In 1924, the Tuscolameta Creek received a 39 km (24-mi) channelization 

and Yockanookany River received a 58 km (36-mi) canal, which was completed in 1928 (Speer et 

al. 1964, p. 8).  In the Yockanookany, low water stages in 1960 were six feet (1.82m) higher than 

those of 1939, as the channel silted significantly during that period (Speer et al. 1964, pp. 26-27).  

In some areas of the Yockanookany, water continues to flow in the river’s old natural channel 
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(Speer et al. 1964, pp. 26-27).  Although stream alteration has occurred within these streams, there 

has yet to be any reported evidence of Pearl River map turtle decline, thus we assessed this factor as 

moderate for the Upper Pearl unit. 

In-stream and unpermitted point bar mining in the Bogue Chitto unit was a concern in the late 

1990s (Shively 1999), and although these activities no longer occur, gravel mining operations 

within floodplains does occur (Selman 2020c, pp. 20-21).  Recent surveys have reported several 

areas where mining appears to have degraded water quality significantly (Selman 2020c, pp. 20-21). 

There is also a concern that historical in-stream and point bar mining can have deleterious legacy 

effects that could be negatively impacting the species (Selman 2020c, p. 21).  For these reasons, we 

assessed this factor as low for the Bogue Chitto unit. 

Table 5.11-Categorization of habitat factor “Channelization/Reservoirs” for Pearl River map turtle 

resilience units. 

Population Channelization/Reservoir/Mining 
(Y/N) 

Condition 
Category 

Bogue Chitto Yes Low 
Lower Pearl Yes Low 
Middle Pearl Silver No High 
Middle Pearl Strong Yes Low 
Upper Pearl Yes Moderate 

5.2.6 Habitat Factor: Protected Land 

A protected area is a clearly defined geographical space, recognized, dedicated and managed, 

through legal or other effective means, to achieve the long-term conservation of nature with 

associated ecosystem services and cultural values (IUCN 2008, unpaginated). Protected areas are a 

generally accepted, although not always uncontroversial, mechanism for halting the global decline 

of biodiversity. Some examples of the positive effects that protected areas can have on freshwater 

biodiversity have been reported, such as increased local abundance or size classes of some fish 

species (Suski and Cooke, 2007, entire). 

From an indirect standpoint, the presence of protected lands will function to minimize human 

disturbance in an area, which may benefit freshwater environments at multiple levels. First, 
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enforcement of restrictions in protected areas can serve to minimize boat traffic that has been shown 

to have deleterious impacts to other Graptemys species (Selman et al. 2013, entire; Heppard and 

Buchholz 2019; entire). Also, conflict between various users of freshwater resources has been 

documented (Jones 2006, p. 208), and will likely continue to escalate as human demands on 

freshwater resources continue to increase. The presence of protected areas may help ameliorate 

some of these conflicts by segregating user groups into defined areas (Suski and Cooke 2007, p. 

2024). Finally, the more land within a unit that is under some sort of protection (e.g. easement, state 

and federal ownership), the less likely land will be developed. Because development can have 

negative impacts to aquatic fauna, as discussed previously, the more protected land in a unit, the 

more resilient that unit is assumed to be. 

Numerous refuges and conservation areas have been established along the Pearl River that have 

positively influenced riparian forest along the river or forest land cover in the basin. Riparian 

conservation areas include Nanih Waiya WMA (Neshoba County), Mississippi Band of Choctaw 

Indian Reservation (Neshoba County), Pearl River WMA (Madison County), Fannye Cook Natural 

Area (Rankin County), Old River WMA (Pearl River County), Bogue Chitto NWR (St. Tammany 

and Washington Parishes), and Pearl River WMA (St. Tammany Parish). Bienville National Forest 

contributes positively to increased forest cover in headwater streams that drain into the Pearl River, 

especially the Strong River. The most extensive habitat preservation on the Pearl River is the Bogue 

Chitto National Wildlife Refuge along the upper West and East Pearl and lower Bogue Chitto 

Rivers, which is contiguous with the Pearl River WMA, which protects the area between the West 

and East Pearl Rivers downstream to the Gulf of Mexico. 

To assess the contribution of protected areas to the resilience of Pearl River map turtle analysis 

units, we calculated the percentage of the HUC8 that was in protected status. We used the Protected 

Areas Database of the U.S. version 2.0 (PAD-US 2.0), released in 2019 (USGS 2019b, 

unpaginated). The database is a national inventory of lands held by cities, counties, special park and 

open-space districts, state parks and preserves as well as federally administered lands, including 

national parks and forests, national wildlife refuges, public lands and more. We calculated the total 

area of land within each unit that was considered protected in the PAD-US 2.0, and divided by the 

total area of the HUC8. We then created categories of low, moderate, and high based off of the 
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percentage of protected land within a unit as follows: low (0-10% protected), moderate (10-20% 

protected), and high (>20% protected). These categories were based off of natural breaks in the data 

from both the Pearl and Pascagoula basins, and serve as a relative measure of protected lands 

between all of the units; there are no data that we are aware of that suggests biologically significant 

breaks between the low, moderate, and high classes. 

The results of the analysis of protected lands show that the Pearl River basin in general has 

relatively small amounts of land in protected status (Table 5.12). Four of the units have a low 

condition (i.e. <10% of land protected), and one unit has a moderate condition (10-20% of land 

protected). The Middle Pearl Strong Unit has by far the greatest amount of land in protection with 

147,597 acres in protection (11.67%), with all other units having less than 6% of land in protected 

status. 

Table 5.12-Summary of the resilience unit area, percentage of protected lands, along with the 

condition category, for each Pearl River map turtle resilience unit. 

Resilience Unit Total Acres/Hectares % areas protected Condition 

Bogue Chitto 773546 ac/ 313042 ha 0 Low 

Lower Pearl 1165616 ac/ 471708 ha 4.44% Low 

Middle Pearl Silver 779923 ac/ 315623 ha 0.16% Low 

Middle Pearl Strong 1265209 ac/ 512011 ha 11.67% Moderate 

Upper Pearl 1576500 ac/ 637986 ha 5.36% Low 

5.2.7 Habitat Factor: Forested Riparian Cover 

Correlations of Pearl River map turtle density with deadwood density have been shown to be 

positive, and high basking densities have yet to be associated with low deadwood densities 

(Lindeman 1999, pp. 35-38). Abundance of basking substrates has shown to be an important habitat 

component driving Graptemys abundance in Kansas and Pennsylvania (Pluto and Bellis 1986, pp. 
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26-30; Fuselier and Edds 1994, entire), and radiotelemetry work with yellow-blotched map turtles 

(G. flavimaculata) has indicated the importance of deadwood to habitat selection on the lower 

Pascagoula River (Jones 1996, pp. 383, 376, 379-380). Anthropogenic deadwood removal, mainly 

through dredging, has been noted as a reason for decline in the sympatric microcephalic species, the 

ringed map turtle (G. oculifera) (Lindeman 1998, p. 137). Experiments with manual deposition of 

deadwood in stretches with less riparian forest have been recommended as potential habitat 

restoration measures (Lindeman 2019, p. 33). 

An intact riparian habitat provides numerous benefits to map turtles including the stabilization of 

stream banks, and the reduction of erosional processes and channel sedimentation. Under normal 

erosional processes, riparian forests also provide material for in-stream deposition of deadwood, 

and deadwood is known to be important basking sites for thermoregulation and also foraging sites 

for prey items (Lindeman 1999, entire). To assess the contribution of riparian forests to the 

resilience of Pearl River map turtle units, we calculated the percentage of forest within a 200ft 

(61m) riparian buffer using the 2016 NLCD land use land cover data. We further describe forests to 

include four land use classes: deciduous forest, evergreen forest, mixed forest, and woody wetlands. 

We categorized the percent forested cover into three classes: <60% forested cover (low), 60-80% 

forested cover (moderate), and >80% forested cover (high). These classes were based on natural 

breaks in the data, and serve as relative comparisons of forested cover between the resilience units. 

An assessment of forested cover (Table 5.13 A-E) resulted in 3 units in high condition (Lower 

Pearl, Middle Pearl Strong, and Upper Pearl), and 2 units in moderate condition (Bogue Chitto and 

Middle Pearl Silver). Forested cover within riparian buffers ranged from 60-98% across the 5 

resilience units. Forested cover was highest in the Upper Pearl, where cover ranged from 90-96% 

across the occupied streams within the unit, and lowest in the Middle Pearl Silver, where forested 

cover was 60% across the single occupied river segment. The Bogue Chitto unit was assessed as 

moderate for forested cover, primarily due to the Bogue Chitto and Topisaw having relatively low 

cover compared to other streams across the range.  
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Table 5.13-Summary of forested cover with riparian areas and the associated condition class for 

each of the 5 resilience units for the Pearl River map turtle. A) Bogue Chitto B) Lower Pearl C) 

Lower Pearl Silver D) Lower Pearl Strong and E) Upper Pearl. 

A) Bogue Chitto Unit 
Stream Total Acres Riparian % Forested Riparian Condition 

Bogue Chitto 4962.29 ac/ 2008.17 ha 72.37 Moderate 

Magees 1821.63 ac/737.19 ha 89.83 High 

Topisaw 1305.68 ac/528.39 ha 75.68 Moderate 

TOTAL 8089.60 ac/3273.74 ha 76.83 Moderate 

B) Lower Pearl Unit 
Stream Total Acres Riparian % Forested Riparian Condition 

East Pearl 860.22 ac/348.12 ha 85.37 High 

Hobolochitto 291.78 ac/118.08 ha 98.32 High 

Holmes Bayou 134.99 ac/54.63 ha 95.06 High 

Lower Pearl 2539.97 ac/1027.89 ha 61.21 Moderate 

Navigation Canal 28.91 ac/11.70 ha 84.62 High 

Pushepatapa 1210.72 ac/489.96 ac 96.62 High 

West Hobolochitto 2452.79 ac/992.61 ha 97.33 High 

West Pearl 526.19 ac/212.94 ha 60.36 Moderate 

TOTAL 8045.57 ac/3255.93 ha 82.05 High 
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C) Middle Pearl Silver Unit 
Stream Total Acres Riparian % Forested Riparian Condition 

Middle Pearl Silver 1844.54 ac/746.46 ha 60.42 Moderate 

D) Middle Pearl Strong Unit 
Stream Total Acres Riparian % Forested Riparian Condition 

Middle Pearl Strong 2606.91 ac/1054.98 ha 70.99 Low 

Pelahatchie 1876.34 ac/759.33 ha 91.10 Moderate 

Purvis 825.31 ac/333.99 ha 82.73 Low 

Strong 4237.06 ac/1714.68 ha 92.39 Moderate 

TOTAL 9545.62 ac/ 3862.98 ha 85.46 High 

E) Upper Pearl Unit 
Stream Total Acres Riparian % Forested Riparian Condition 

Lobutcha 2917.59 ac/ 1180.71 ha 95.54 High 

Tuscolometa 1604.35 ac/ 649.26 ha 94.01 High 

Upper Pearl 3363.72 ac/1361.25 ha 89.82 High 

Yockanookany 3650.38 ac/1477.26 ha 92.17 High 

TOTAL 11536.05 ac/4668.47 ha 92.59 High 

5.2.8 Habitat Factor Composite Score 

To determine a composite score for habitat factors, we combined the results of the water quality, 

channelization/reservoirs, protected lands, and deadwood abundance assessments.  Classifications 

were averaged together for each habitat factor as if low, moderate, and high were equal to values of 

1, 2, and 3 respectively. If averaging the four factors resulted in a value ending in .5, the overall 

habitat factor composite score was rounded down (rather than typical mathematical convention of 
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rounding up) to be conservative (i.e. to avoid underestimating threats derived from our habitat 

factor surrogates). Composite habitat scores were then categorized on a low (1), moderate (2), and 

high (3) scale.  

Table 5.14-Habitat factor composite scores for all Pearl River map turtle units as a function of 4 

habitat factors (water quality, channelization/reservoirs, protected land, and deadwood abundance). 
Unit Water 

Quality 

Channelization/ 

reservoirs 

Protected Land Deadwood Composite Score 

Bogue Chitto Moderate Low Low Moderate Low 

Lower Pearl Moderate Low Low High Low 

Middle Pearl Silver Moderate High Low Moderate Moderate 

Middle Pearl Strong Moderate Low Moderate High Moderate 

Upper Pearl Moderate Moderate Low High Moderate 

5.2.9 Current Resilience 

We assessed each unit’s current resilience as a function of both population and habitat factors.  To 

do this, we determined a composite resilience score by averaging the composite population factor 

and composite habitat factor for each unit as if low, moderate, and high were equal to values of 1, 2, 

and 3, respectively. If averaging resulted in a composite resilience score ending in .5, the score was 

weighted more heavily towards the population factor, as presence and density of turtles is a more 

important metric associated with resilience of populations. For example, if the composite habitat 

factor for a given unit was assessed as low, and the composite population score was assessed as 

moderate, the composite resilience score would be moderate due to heavier weighting being given 

to the population factor. Composite resilience scores were then categorized on a low (1), moderate 

(2), and high (3) scale.  

Current resilience results are as follows: two populations have low resilience (Bogue Chitto and 

Lower Pearl) and three populations have moderate resilience (Middle Pearl Silver, Middle Pearl 

Strong, and Upper Pearl) (Table 5.15). The Lower Pearl seems particularly vulnerable, as both the 
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population and habitat composite scores were low. The Lower Pearl has significant channelization 

issues, low amounts of protected land, and a low density of individual turtles, all of which are 

driving the low resilience of this unit. Although the Middle Pearl Silver unit scored moderate for 

composite habitat score, the low composite population score (mainly a function of there being no 

occupied tributaries) is what is driving the low resilience of this unit. When looking at the three 

units with moderate resilience, the Middle Pearl Strong and Bogue Chitto units appear to be 

vulnerable to further decreases in resiliency. For the Bogue Chitto unit, low amounts of protected 

land, and substantial mining activity make this unit vulnerable. For the Middle Pearl Strong, 

development in the Jackson area and the presence of the Ross Barnett reservoir, make this unit 

vulnerable. If development increases substantially in this unit, or if proposed reservoir projects 

move forward, it is likely there would be population level impacts that would drop the resilience to 

low. 

Table 5.15-Current resiliency of Pearl River map turtle units based off of composite habitat and 

population factors. 
Unit Composite Habitat Score Composite Population Score Current Resilience 

Bogue Chitto Low Moderate Moderate 

Lower Pearl Low Low Low 

Middle Pearl 

Silver 

Moderate Low Low 

Middle Pearl 

Strong 

Moderate Moderate Moderate 

Upper Pearl Moderate Moderate Moderate 

5.2.10 Current Representation 

Representation refers to the breadth of genetic and environmental diversity within and among 

populations, which influences the ability of a species to adapt to changing environmental conditions 

over time. Differences in life history traits, habitat features, and/or genetics across a species range 

often aid in the delineation of representative units, which are used to assess species representation. 
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Between 2005 and 2018, researchers genotyped 124 Pearl River map turtles from 15 sites across the 

Pearl River basin (Pearson et al. 2020, pp. 6-7). No distinct genetic structure was found throughout 

the Pearl River system. A single genetic population was recovered, and there was no evidence of 

isolation by distance (Pearson et al. 2020, pp. 11-12). For this reason, we consider the entire range 

of the Pearl River map turtle to be a single representative unit.  

It has been suggested that the Strong River, located in the Pearl River Strong unit, may have some 

unique habitat features that could confer unique adaptative pressure (Lindeman pers. comm. 2020, 

p. 4). Perhaps most notably, the Strong River has some very rocky stretches that are unlike anything 

else in the drainage and could conceivably have a population with a distinct diet or life history, 

though no studies to date have addressed this question (Lindeman pers. comm. 2020, p. 4). 

Although we do not consider the Strong River to be a separate representative unit, we consider the 

Strong River to be a potentially significant stream from a habitat diversity perspective. 

The Strong River is a large tributary and occupies an estimated 87.4 rkm (54.3 rm) range, with an 

estimated 1,749 individuals, accounting for 8% of the global population estimate (Lindeman 2019, 

p. 47).  Lindeman (2019, p. 47) assessed density as moderate, which is relatively high for a 

tributary. The Strong River does not appear to have a high degree of threats, habitat factors are 

relatively high, and population factors appear stable. For this reason, the Strong River is currently 

contributing to the overall representation of the species. 

5.2.11 Current Redundancy 

Redundancy refers to the ability of a species to withstand catastrophic events and is measured by 

the amount and distribution of resilient populations across the species range. Catastrophic events 

that could severely impact or extirpate entire Pearl River map turtle units include chemical spills, 

changes in upstream land use that alters stream characteristics and water quality downstream, dam 

construction with a reservoir drowning lotic river habitat, and potential effects of climate change 

such as rising temperatures and sea level rise. The Middle Pearl Silver unit is perhaps the most 

vulnerable to a catastrophic spill, as there are no known occupied tributaries at this time.  Extant 
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units of the species are distributed relatively widely, and several of those units are classified as 

moderate or better resilience, thus it is highly unlikely that a catastrophic event would impact the 

entire species’ range. Because of all of this, the Pearl River map turtle exhibits a moderate-high 

degree of redundancy, and that level of redundancy has stayed relatively stable over time. 

5.2.12 Current Conditions Summary 

We assessed current resilience as a function of two population factors (occupied tributaries and 

density) and four habitat factors (water quality, protected areas, deadwood abundance, and 

reservoirs/channelization). Based on these factors, there are two populations with low resilience 

(Lower Pearl and Middle Pearl-Silver) and three populations with moderate resilience (Upper Pearl, 

Middle Pearl Strong, and Bogue Chitto; Table 5.15; Figure 5.3); no units were assessed as highly 

resilient. Because three of the five units are classified as moderate resilience, and those units are 

distributed relatively widely, the Pearl River map turtle exhibits a moderate-high degree of 

redundancy (i.e. it is unlikely that a catastrophic event would impact the entire range of the species). 

We did not assess multiple representative units for the species due to recent research indicating no 

significant genetic structuring. Species experts indicated the Strong River might be unique from a 

habitat perspective (i.e. distinctly rocky stretches), so it is notable that the Strong River does not 

appear to have a high degree of threats, habitat factors are relatively high, and population factors 

appear stable. If the Strong River is indeed conferring different adaptive pressures due to the unique 

habitat type found there, the Strong River does appear to be currently contributing to representation 

for the species. 
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Figure 5.3-Resilience of the five units of Pearl River map turtles: low (red), moderate (orange), high 

(green). 
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CHAPTER 6 – FUTURE CONDITIONS AND VIABILITY 

We have considered what the Pearl River map turtle needs for viability and the current condition of 

those needs (Chapters 3 and 5), and we reviewed the factors that are driving the current and future 

conditions of the species (Chapter 4). We now consider what the species’ future condition is likely 

to be. We apply our future forecasts to the concepts of resiliency, representation, and redundancy to 

describe the future viability of the Pearl River map turtle. 

6.1 Introduction 

To assess future condition of Pearl River map turtle units, we projected the primary current threats 

of land use (agriculture and development), potential future water engineering projects, and sea level 

rise into the future under six plausible scenarios. The six scenarios capture the range of uncertainty 

in the changing human population footprint on the landscape, current emission models, 

implementation of water engineering projects, and how the Pearl River map turtle will respond to 

these changing conditions. 

All six scenarios were projected out to two different time steps: 2040 (20 years) and 2070 (50 

years). These time frames are based on input from species experts, generation time for the species, 

and the fact that beyond 50 years, the ability to predict patterns of urbanization and agriculture, and 

how these land uses will interact with the species and its habitat diminishes. 

6.2 Future Resilience Factors 

6.2.1 Land Use and Water Quality 

We considered projected land-use changes in regards to agricultural and developed land in 

assessing future resilience of each unit for the Pearl River map turtle. We consider these land use 

classes as surrogates for potential changes in water quality, a primary risk factor for the species. We 

used data available at the resiliency unit scale from the USGS Forecasting Scenarios of Land-use 
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Change (FORE-SCE) modelling framework (USGS 2017, unpaginated) to characterize nonpoint 

source pollution (i.e., development and agriculture). The FORE-SCE model provides spatially 

explicit historic, current, and future projections of land use and land cover. The projections were 

originally created as part of the "LandCarbon" project, an effort to understand biological carbon 

sequestration potential in the United States. However, the projections are being used for a wide 

variety of purposes, including analyses of the effects of landscape change on biodiversity, water 

quality, and regional weather and climate. The 1992 to 2005 period is considered the historical 

baseline, with datasets such as the National Land Cover Database, USGS Land Cover Trends, and 

U.S. Department of Agriculture's Census of Agriculture used to guide the recreation of historical 

land cover. The future projection time frame is available at annual time steps up to the year 2100. 

Four scenarios were modeled, corresponding to four major scenario storylines from the 

Intergovernmental Panel on Climate Change (IPCC) Special Report on Emissions Scenarios 

(SRES). The global IPCC SRES (A1B, A2, B1, and B2 scenarios) were downscaled to ecoregions 

in the conterminous United States, with the USGS Forecasting Scenarios of land use (FORE-SCE) 

model used to produce landscape projections consistent with the IPCC SRES. The land-use 

scenarios focused on socioeconomic impacts on anthropogenic land use (demographics, energy use, 

agricultural economics, and other socioeconomic considerations; Figure 6.1. 
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Figure 6.1- Forecasting scenarios of land-use change modeling framework to provide spatially 

explicit projections of future land-use and land-cover change (USGS 2017, unpaginated). 

6.2.2 Sea Level Rise 

Sea level rise (SLR) impacts future resilience of Pearl River map turtles by influencing the area 

occupied and suitable habitat available through increased salinity of the freshwater system. Although 

some species of Graptemys appear to handle some salinity increases, there is some evidence that the 

group is largely intolerant of brackish and saltwater environments (Selman and Qualls 2008 pp. 228-

229; Lindeman 2013, pp. 396-397).  To estimate loss/degradation of habitat due to inundation from sea 

level rise, we used NOAA’s shapefiles available at their online sea level rise viewer (NOAA 2020, 

unpaginated). Projected sea level rise scenarios from NOAA provide a range of inundation levels from 

low to extreme. We chose NOAA’s intermediate-high and extreme scenarios, which correspond to the 

representative concentration pathways (RCP) of RCP6 and RCP8.5 emission scenarios, the most likely 

RCP scenarios (IPCC 2013, p. 20). Local scenarios are available at a location near Mobile Bay, 
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providing estimates of sea level rise at decadal time steps out to the year 2100. We found the average 

sea rise level estimate for the intermediate high and extreme NOAA scenarios from this station, and 

used the estimate (rounded to the nearest foot, because shapefiles are only available at 1-foot 

increments) to project estimated habitat loss at years 2040 and 2070. If SLR estimates overlap with 

known occupied portions of the river system, we assume that area is no longer suitable, or occupiable, 

thus resilience would decrease. 

Table 6.1-Estimated inundation from sea level rise, in and around the Pearl River basin, according to 

NOAA’s Sea Level Rise Viewer, Dauphin Island local scenarios. 

(https://coast.noaa.gov/slr/#/layer/sce/0/-

9960877.61950826/3551130.846077425/9/satellite/11/0.8/2070/interHigh/midAccretion). 

Year Intermediate-High SLR Extreme SLR 

2040 1 feet (0.30 meters) 2 feet (0.61 meters) 

2070 3 feet (0.91 meters) 5 feet (1.52 meters) 

6.2.3 Future Water Engineering Projects and Mining 

Stream channelization, point-bar mining, and impoundment have been listed as potential threats in a 

report written before the Pascagoula map turtle and Pearl River map turtle were taxonomically 

separated (USFWS 2006, p. 2). Between the late 1980s and early 2010s, notable population declines 

were observed in the stretch of the Pearl River downstream of the Ross Barnett Reservoir (Selman 

2020d, p. 194). It is unknown why the population declined, but altered hydrology of this reach may 

have had an impact. 

Plans for new reservoirs on the Pearl River both upstream and downstream of Jackson, Mississippi 

have been or are being considered as areas of interest (Lindeman 2013, pp. 202-203). Of particular 

note is the proposed One Lake project. The project proposes a new dam and commercial 

development area 14.5 km (9 mi) south of the current Ross Barnett Reservoir Dam near Interstate 

20. The goal of the One Lake project is to dredge the Pearl River in order to widen, deepen and 
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straighten an additional 16.1 km (10 mi) of waterway for flood control protection and commercial 

development opportunities.  

The One Lake project is still being debated, and there is uncertainty on whether the project will 

move forward. Because of this uncertainty, we have created 2 scenarios based around the proposed 

One Lake project: one in which the project goes online, and another assuming the project does not 

occur within the next 50 years. Because of the likely negative impacts of the proposed One Lake 

project, we assume a decrease in resilience of the Middle Pearl Strong unit if the project moves 

forward. 

6.3 Models and Scenarios 

In order to assess future viability for the Pearl River map turtle, we project two land use and two sea 

level rise scenarios out to the years 2040 (20 years) and 2070 (50 years). The two land use scenarios 

are based on two SRES emission scenarios embedded within the FORE-SCE model (A2 and B1) as 

described in the previous section. The two sea level rise scenarios are based on NOAAs 

intermediate-high (RCP 6.0) and extreme (RCP 8.5) local scenarios, as described in the previous 

section. We also include two scenarios regarding the proposed One Lake project, as described in the 

previous section. This results in eight plausible scenarios at two time steps (2040 and 2070), with 

the A2-Extreme-One Lake project scenarios representing the highest threat scenario, the B1-

Intermediate High-no One Lake project scenario the lowest threat scenario, and the other four 

scenarios representing moderate threat scenarios (Table 6.2 A-B). 

Because data for population factors (occupied tributaries and density) are not comparable through 

time or space, we do not assess these factors in our future condition analysis.  Additionally, we 

assume the amount of protected land within each unit stays the same within our projection 

timeframes, although it is possible that additional land could be converted to a protected status or 

lands could degrade over time. Rather than attempting to categorize future resilience as was done in 

the current conditions analysis, we indicate a magnitude and direction of anticipated change in 

resilience of Pearl River map turtle units. 
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Table 6.2-Scenarios used to model future condition for Pearl River map turtle.  Scenarios were built 

around three factors: land use (emission scenarios A2 and B1), sea level rise (emission scenarios 

Intermediate High [IH] and Extreme [EX]), and water engineering projects (One Lake Project 

Yes/No).  Scenarios were projected to two time steps: 2040 (A) and 2070 (B). 

A) 2040 

One Lake Project (Yes) 

Sea Level Rise 

Intermediate High Extreme 

Land Use A2 A2-IH-OneLake 2040 A2-EX-OneLake 2040 

B1 B1-IH-OneLake 2040 B1-EX-OneLake 2040 

One Lake Project (No) 

Sea Level Rise 

Intermediate High Extreme 

Land Use A2 A2-IH-NoProject 2040 A2-EX-NoProject 2040 

B1 B1-IH-NoProject 2040 B1-EX-NoProject 2040 
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B) 2070 
One Lake Project (Yes) 

Sea Level Rise 

Intermediate High Extreme 

Land Use A2 A2-IH-OneLake 2070 A2-EX-OneLake 2070 

B1 B1-IH-OneLake 2070 B1-EX-OneLake 2070 

One Lake Project (No) 

Sea Level Rise 

Intermediate High Extreme 

Land Use A2 A2-IH-NoProject 2070 A2-EX-NoProject 2070 

B1 B1-IH-NoProject 2070 B1-EX-NoProject 2070 

6.4 Results 

6.4.1 Land Use and Water Quality 

6.4.1.1 Bogue Chitto Unit 

Table 6.3 summarizes the results of the future land use projections by climate scenario (A2 and B1) 

and year (2040 and 2070) for the Bogue Chitto Unit. Development remains low across the entire 

unit under all scenarios. Agriculture is projected to be high across the entire unit under all scenarios, 

as was assessed in current conditions, except under the B1 scenario in 2070, where rates of 

agriculture drop to moderate. Overall, land use was assessed as an overall moderate condition class 

within the Bogue Chitto Unit across both climate scenarios and future time steps, resulting in no 

change from current condition. 
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Table 6.3-Composite land use score for streams within the Bogue Chitto unit, and for the entire 

unit, based on development and agriculture levels. Climate scenarios (A2 and B1) are separated by 

projection time steps (2040 and 2070).  Streams in bold are mainstem reaches; all other streams are 

considered tributaries. 

2040 

Stream A2 Developed A2 Agriculture A2 Overall B1 Developed B1 Agriculture B1 Overall 

Bogue 
Chitto 

Low High Moderate Low High Moderate 

Magees Low High Moderate Low High Moderate 

Topisaw Low High Moderate Low High Moderate 

Bogue 
Chitto Unit 

Low High Moderate Low High Moderate 

2070 

Stream A2 Developed A2 Agriculture A2 Overall B1 Developed B1 Agriculture B1 Overall 

Bogue 
Chitto 

Low High Moderate Low Moderate Moderate 

Magees Low High Moderate Low Moderate Moderate 

Topisaw Low High Moderate Low Moderate Moderate 

Bogue 
Chitto Unit 

Low High Moderate Low Moderate Moderate 

6.4.1.2 Lower Pearl Unit 

The Lower Pearl Unit is the most southern unit that connects to the Gulf of Mexico. This unit will 

endure effects of sea level rise due to its proximity to the coast. Development is also expected to 

increase in this unit. Table 6.4 summarizes the results of the future land use projections by climate 

scenario (A2 and B1) and year (2040 and 2070) for the Lower Pearl Unit. In 2040, under the A2 

scenario, development remains low across much of the unit, although the Hobolochitto and West 
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Pearl are projected to have high amounts of development; agriculture is projected to be high across 

the entire unit. In 2070, under the A2 scenario, development is anticipated to increase substantially 

across the entire unit, with East Pearl, Navigation Canal, Hobolochitto and West Pearl, all projected 

to have high levels of development, and the rest of the unit projected to have moderate 

development; agriculture is projected to be high across the entire unit. The B1 scenarios, at both 

2040 and 2070, predict low levels of development, and moderate levels of agriculture across the 

entire unit. Based on these predictions, this unit appears relatively stable under the B1 scenarios, but 

is anticipated to decrease in water quality under the A2 scenarios due to increases in both 

development and agriculture. 

Table 6.4- Composite land use score for streams within the Lower Pearl unit, and for the entire unit, 

based on development and agriculture levels.  Climate scenarios (A2 and B1) are separated by 

projection time steps (2040 and 2070). Streams in bold are mainstem reaches; all other streams are 

considered tributaries. 

2040 

Stream A2 Developed A2 Agriculture A2 Overall B1 
Developed 

B1 Agriculture B1 Overall 

East Pearl Low High Moderate Low Moderate Moderate 

Hobolochitto High High Low Low Moderate Moderate 

Holmes 
Bayou 

Low High Moderate Low Moderate Moderate 

Lower 
Pearl 

Low High Moderate Low Moderate Moderate 

Navigation 
Canal 

Low High Moderate Low Moderate Moderate 

Pushepatapa Low High Moderate Low Moderate Moderate 

West 
Hobolochitto 

Low High Moderate Low Moderate Moderate 

West Pearl High High Low Low Moderate Moderate 
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Lower 
Pearl Unit 

Low High Moderate Low Moderate Moderate 

2070 

Stream A2 Developed A2 Agriculture A2 Overall B1 
Developed 

B1 Agriculture B1 Overall 

East Pearl High High Low Low Moderate Moderate 

Hobolochitto High High Low Low Moderate Moderate 

Holmes 
Bayou 

Moderate High Low Low Moderate Moderate 

Lower 
Pearl 

Moderate High Low Low Moderate Moderate 

Navigation 
Canal 

High High Low Low Moderate Moderate 

Pushepatapa Moderate High Low Low Moderate Moderate 

West 
Hobolochitto 

Moderate High Low Low Moderate Moderate 

West Pearl High High Low Low Moderate Moderate 

Lower 
Pearl Unit 

High High Low Low Moderate Moderate 

6.4.1.3 Middle Pearl Silver Unit 

Table 6.5 summarizes the results of the future land use projections by climate scenario (A2 and B1) 

and year (2040 and 2070) for the Middle Pearl Silver unit. Development remains low across the 

entire unit under all scenarios. Agriculture increases from moderate to high across the entire unit 

under the A2 scenarios at both time steps. Agriculture stays moderate in 2040 under the B1 

scenario, and actually decreases by 2070.  Because of this decrease in agriculture across the unit 

under the B1 scenario, the overall condition class for land use increases from moderate to high in 

2070. 
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Table 6.5- Composite land use score for streams within the Middle Pearl Silver unit, and for the 

entire unit, based on development and agriculture levels.  Climate scenarios (A2 and B1) are 

separated by projection time steps (2040 and 2070).  Streams in bold are mainstem reaches; all 

other streams are considered tributaries. 

2040 

Stream A2 Developed A2 Agriculture A2 Overall B1 Developed B1 Agriculture B1 Overall 

Middle 
Pearl Silver 

Low High Moderate Low Moderate Moderate 

2070 

Stream A2 Developed A2 Agriculture A2 Overall B1 Developed B1 Agriculture B1 Overall 

Middle 
Pearl Silver 

Low High Moderate Low Low High 

6.4.1.4 Middle Pearl Strong Unit 

Table 6.6 summarizes the results of the future land use projections by climate scenario (A2 and B1) 

and year (2040 and 2070) for the Middle Pearl Strong Unit. In 2040, development remains 

moderate across the entire unit under both climate scenarios; agriculture increases from moderate to 

high across the entire unit under both climate scenarios. In 2070, under the A2 climate scenario, the 

mainstem Pearl River, is projected to have high levels of development and agriculture, driving the 

overall score to low; the rest of the unit maintains a moderate overall score.  In 2070, under the B1 

climate scenario, development and agriculture remains moderate, the same as current condition. 
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Table 6.6- Composite land use score for streams within the Middle Pearl Strong unit, and for the 

entire unit, based on development and agriculture levels.  Climate scenarios (A2 and B1) are 

separated by projection time steps (2040 and 2070).  Streams in bold are mainstem reaches; all 

other streams are considered tributaries. 

2040 

Stream A2 Developed A2 Agriculture A2 Overall B1 Developed B1 Agriculture B1 Overall 

Middle Pearl 
Strong 

Moderate High Moderate Moderate High Moderate 

Pelahatchie Moderate High Moderate Moderate High Moderate 

Purvis Moderate High Moderate Moderate High Moderate 

Strong Moderate High Moderate Moderate High Moderate 

Middle Pearl 
Strong Unit 

Moderate High Moderate Moderate High Moderate 

2070 

Stream A2 Developed A2 Agriculture A2 Overall B1 Developed B1 Agriculture B1 Overall 

Middle Pearl 
Strong 

High High Low Moderate Moderate Moderate 

Pelahatchie Moderate High Moderate Moderate Moderate Moderate 

Purvis Moderate High Moderate Moderate Moderate Moderate 

Strong Moderate High Moderate Moderate Moderate Moderate 

Middle Pearl 
Strong Unit 

High Moderate Moderate Moderate Moderate 

6.4.1.5 Upper Pearl Unit 

Table 6.7 summarizes the results of the future land use projections by climate scenario (A2 and B1) 

and year (2040 and 2070) for the Upper Pearl Unit. In 2040, development remains low across the 

entire unit under both climate scenarios; agriculture increases from moderate to high across the 

entire unit under both climate scenarios. In 2070, under the A2 climate scenario, development is 
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projected to be low, and agriculture is projected to be high; for the B1 climate scenario, 

development is projected to be low, and agriculture is projected to be moderate, the same as current 

condition. 

Table 6.7- Composite land use score for streams within the Upper Pearl unit, and for the entire unit, 

based on development and agriculture levels.  Climate scenarios (A2 and B1) are separated by 

projection time steps (2040 and 2070).  Streams in bold are mainstem reaches; all other streams are 

considered tributaries. 

2040 

Stream A2 Developed A2 Agriculture A2 Overall B1 Developed B1 Agriculture B1 Overall 

Lobutcha Low High Moderate Low High Moderate 

Tuscolometa Low High Moderate Low High Moderate 

Upper Pearl Low High Moderate Low High Moderate 

Yockanookany Low High Moderate Low High Moderate 

Upper Pearl 
Unit 

Low High Moderate Low High Moderate 

2070 

Stream A2 Developed A2 Agriculture A2 Overall B1 Developed B1 Agriculture B1 Overall 

Lobutcha Low High Moderate Low Moderate Moderate 

Tuscolometa Low High Moderate Low Moderate Moderate 

Upper Pearl Low High Moderate Low Moderate Moderate 

Yockanookany Low High Moderate Low Moderate Moderate 

Upper Pearl 
Unit 

Low High Moderate Low Moderate Moderate 
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6.4.2 Riparian Forested Cover/Deadwood Abundance Results 

Table 6.8 and 6.9 summarize the percentage of riparian area in forested cover currently, and under 

both climate scenarios at years 2040 and 2070. Although forested cover remains generally high 

across all of the units, there are some streams that see substantial decreases. For example, in the 

Lower Pearl unit, the West Pearl is projected to have low (<60%) cover under all climate scenarios. 

Furthermore, the East Pearl is projected to drop from high (>80%) to low under the A2 2070 

scenario, and moderate (60-80%) under the rest of the scenarios. In the Middle Pearl Strong, 

substantial decreases in forested cover are anticipated in the Strong River and Purvis Creek. In the 

Upper Pearl Unit, forested cover remains high across the entire unit under all scenarios, thus 

deadwood availability does not appear to be a limiting factor in this unit. Based on the thresholds 

established in the current condition chapter, below is a summary of overall forested cover condition 

classes for the 27 occupied streams: 

• Current Condition: 14 high; 6 moderate 

• A2 2040: 14 high; 4 moderate; 2 low.  East Pearl and Strong drop from high to moderate;   

Purvis creek drops from high to low; West Pearl drops from moderate to low; all other 

streams are projected to have a high ranking for forested riparian cover. 

• A2 2070: 10 high; 6 moderate; 4 low.  Magees, Hobolochitto, and Strong drop from high to 

moderate; Pearl Navigation Canal, East Pearl and Purvis drop from high tall other streams 

are projected to have a high ranking for forested riparian cover; all other streams are 

projected to have a high ranking for forested riparian cover. 

• B1 2040: 17 high; 2 moderate; 1 low. East Pearl and Purvis drop from high to moderate; 

West Pearl drops from moderate to low; all other streams are projected to have a high 

ranking for forested riparian cover. 

• B1 2070: 16 high; 3 moderate; 1 low.  East Pearl and Purvis drop from high to moderate; 

West Pearl drops from moderate to low; Topisaw remains moderate; all other streams are 

projected to have a high ranking for forested riparian cover. 
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Table 6.8-Percentage of forested cover within riparian areas for occupied within resilience units, 

currently, and under 2 land use/climate scenarios (A2 and B1) at 2 time steps (2040 and 2070). 

Current A2 2040 A2 2070 B1 2040 B1 2070 

Unit Stream Forested 
% 

Forested % Forested % Forested 
% Forested % 

Bogue Chitto Bogue Chitto 72.37 85.29 82.05 86.99 88.47 
Magees 89.83 80.52 67.01 84.64 87.90 
Topisaw 75.68 71.64 66.08 80.22 77.37 

Lower Pearl East Pearl 85.37 66.48 41.70 69.53 69.51 
Hobolochitto 98.32 81.80 79.36 99.26 100.01 
Holmes Bayou 95.06 95.22 92.18 95.22 95.22 
Lower Pearl 61.21 94.17 92.41 95.44 95.87 
Navigation Canal 84.62 94.08 37.08 93.92 93.92 
Pushepatapa 96.62 88.83 89.05 87.53 96.52 
West 
Hobolochitto 97.33 90.35 82.26 92.81 94.24 
West Pearl 60.36 46.05 35.44 58.63 58.09 

Middle Pearl Silver Middle Pearl 
Silver 60.42 82.94 77.17 89.18 88.91 

Middle Pearl 
Strong 

Middle Pearl 
Strong 70.99 79.96 70.89 87.29 86.39 
Pelahatchie 91.10 86.86 80.85 91.61 90.75 
Purvis 82.73 58.89 46.43 73.01 75.91 
Strong 92.39 75.68 68.46 82.53 82.84 

Upper Pearl Lobutcha 95.54 90.81 86.35 93.18 93.43 
Tuscolometa 94.01 93.89 91.10 98.70 96.07 
Upper Pearl 89.82 95.43 94.89 97.02 97.74 
Yockanookany 92.17 89.18 85.87 93.32 91.44 
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Table 6.9-Overall composite scores for the habitat factor forested cover, within riparian areas for 

resilience units, currently, and under 2 land use/climate scenarios (A2 and B1) at 2 time steps (2040 

and 2070). 

Current A2 2040 A2 2070 B1 2040 B1 2070 

Unit Stream Forested 
% 

Forested % Forested % Forested 
% Forested % 

Bogue Chitto Bogue Chitto Moderate High High High High 
Magees High High Moderate High High 
Topisaw Moderate Moderate Moderate High Moderate 

Lower Pearl East Pearl High Moderate Low Moderate Moderate 
Hobolochitto High High Moderate High High 
Holmes Bayou High High High High High 
Lower Pearl Moderate High High High High 
Navigation 
Canal High High Low High High 
Pushepatapa High High High High High 
West 
Hobolochitto High High High High High 
West Pearl Moderate Low Low Low Low 

Middle Pearl Silver Middle Pearl 
Silver Moderate High Moderate High High 

Middle Pearl 
Strong 

Middle Pearl 
Strong Moderate Moderate Moderate High High 
Pelahatchie High High High High High 
Purvis High Low Low Moderate Moderate 
Strong High Moderate Moderate High High 

Upper Pearl Lobutcha High High High High High 
Tuscolometa High High High High High 
Upper Pearl High High High High High 
Yockanookany High High High High High 

6.4.3 Future Water Engineering: One Lake Project 

If the One Lake project is implemented, it will alter the hydrologic regime of this stretch of the 

Pearl River substantially, converting habitat from lotic to lentic, which will have negative 

consequences on the Pearl River map turtle (Selman 2020d, p. 194). The conversion of riverine 

habitat to a lake setting will reduce water velocity, limiting the input of deadwood, a critical 
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component of Pearl River map turtle habitat (Lindeman 1999, p. 40; Selman 2020d, p. 194). This 

project could impact instream riverine habitat (i.e., altered flows may alter prey resources) and 

adjacent nesting habitat (i.e., reduced flooding during spring, could prevent sandbar scouring and 

narrow nesting habitat) (Selman 2020d, p. 194). Researchers have estimated that up to 170 

individual Pearl River map turtles could be directly impacted, and up to 360 indirectly impacted, 

both upstream and downstream, by the One Lake Project (Selman 2020d, p. 194). For all scenarios 

in which we assume the One Lake Project comes on line, we predict a substantial drop in resilience 

for the mainstem Pearl River within the Middle Pearl Strong. 

6.4.4 Sea Level Rise 

We used NOAA estimates of sea level rise inundation under the intermediate-high and extreme 

emissions scenarios for the years 2040 and 2070. Estimated inundation levels for the intermediate-

high scenario are one foot (0.30m) in 2040, and three feet (0.91m) in 2070. For the extreme 

scenario, estimated inundation levels for the intermediate-high scenario are two feet (0.61m) in 

2040, and five feet (1.52m) in 2070 and may be exacerbated by salt water intrusion due to storm 

surge from increased storm frequency. As anticipated, only the southern coastal unit, the Lower 

Pearl, is predicted to be impacted by sea level rise.  Portions of the Lower Pearl unit are projected to 

be inundated by sea level rise, such as the mainstem West and East Pearl rivers, and these impacts 

are seen as soon as 2040 under both climate scenarios. Table 6.10 shows the estimated amount of 

known occupied habitat anticipated to be inundated for one (0.30m), two (0.61m), three (0.91m), 

and five feet (1.52m) of sea level rise. Between 13.7-17.4 rkm (6.3-10.8 rm) of occupied habitat in 

the East Pearl River is projected to be inundated under the various sea level rise scenarios (Figures 

6.2-6.5). This area in the East Pearl River, which is directly adjacent to Stennis Space Center, is an 

area where there have been many detections of Pearl River Map turtles. Although we would expect 

individual turtles to move in response to inundation, the fact remains that suitable habitat will be 

lost in an area that supports a fairly robust population of the species. Only under five feet (1.52m) of 

sea level rise is there projected to be any impacts in the West Pearl River, where one isolated 

detection is projected to be inundated. 
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Table 6.10-estimated number of known occupied river miles for Pearl River map turtles projected to 

be inundated at 1ft (0.30m), 2ft (0.61m), 3ft (0.91m), and 5ft (1.52m) of sea level rise. 

Sea Level Rise (feet/meters) River Miles/Kilometers Inundated 

1ft (0.3m) 6.3rmi/10.1rkm (East Pearl) 

2ft (0.6m) 8.5rmi/13.68rkm (East Pearl) 

3ft (0.9m) 9.9rmi/15.9rkm (East Pearl) 

5ft (1.5m) 10.8rmi/17.4rkm (East Pearl); small portion of West Pearl 
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Figure 6.2-Occupied portion of the range of the Pearl River map turtle, anticipated to be inundated 

by 1 foot of sea level rise (red). 
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Figure 6.3-Occupied portion of the range of the Pearl River map turtle, anticipated to be inundated 

by 2 feet (0.61m) of sea level rise (red). 
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Figure 6.4-Occupied portion of the range of the Pearl River map turtle, anticipated to be inundated 

by 3 feet (0.91m) of sea level rise (red). 
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Figure 6.5-Occupied portion of the range of the Pearl River map turtle, anticipated to be inundated 

by 5 feet (1.52m) of sea level rise (red). 
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6.5 Summary of Future Conditions and Viability based on Resiliency, Representation, and 

Redundancy 

6.5.1 Future Resiliency 

To assess future resiliency of Pearl River map turtle resilience units, we assessed the potential 

impacts of sea level rise and the predicted change in the condition of three habitat factors: land 

use/water quality, forested riparian cover, and construction of major reservoirs. We assess future 

resiliency at the years 2040 and 2070, under two climate/land use scenarios (A2 and B1), two sea 

level rise scenarios (intermediate high and extreme), and two water engineering project scenarios 

(One Lake project: yes/no).  Below, and in Table 6.11, we summarize the results of the future 

scenarios. 

• Bogue Chitto- Under all scenarios, development remains low across the Bogue Chitto unit.  

Agriculture is high across the entire unit in all scenarios, except for the B1 scenarios in the 

year 2070, where agriculture is moderate. Forested cover is relatively high across the unit 

under all scenarios; thus, deadwood does not appear to be a limiting factor. There are no 

predicted sea level rise or water engineering project impacts. It is likely that the unit 

maintains a moderate resilience, though there is uncertainty in future mining activity, which 

has the potential of significantly decreasing resiliency. 

• Lower Pearl- Sea level rise impacts this unit under all scenarios, although the impacts of 

inundation are localized to the southern portion of the unit, mainly in the East Pearl River.  

Under the A2 scenarios, there are a few streams that are impacted by high levels of 

development, although most of the unit has low levels of development; under the B1 

scenarios, development is low across the entire unit. Agriculture is predicted to be high 

across the unit under the A2 scenarios, and moderate across the unit under the B1 scenarios.  

There are no predicted water engineering projects, and forested cover is anticipated to be 

relatively high.  Current resilience for this unit is low, and resilience is anticipated to 

decrease across all scenarios, with the A2 scenarios with extreme sea level rise will see the 

most substantial decreases. 
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• Middle Pearl Silver- Development remains low across the unit under all scenarios at both 

time steps. Agriculture increases to high under the A2 scenarios and stays moderate under 

the B1 scenarios.  There are no predicted sea level rise or water engineering project impacts. 

Forested cover is relatively high across the unit under all scenarios, and is actually predicted 

to increase under B1 scenarios, thus deadwood does not appear to be a limiting factor.  

Current resilience for this unit is low, and it is likely there will not be any decreases in 

resilience in the future based on the factors assessed. 

• Middle Pearl Strong- Development is substantial in a few areas within this unit, particularly 

around Jackson, Mississippi. Agriculture is predicted to be high across the unit under all 

scenarios. If the One Lake project goes online, there is predicted to be a substantial decrease 

in resilience within and adjacent to the project area. A few streams are predicted to lose a 

substantial amount of forested cover. No sea level rise impacts are predicted in this unit.  

The Middle Pearl Strong unit is perhaps the most vulnerable unit, as development, 

agriculture, and water engineering projects are all potential stressors to the species. 

• Upper Pearl- Development remains low across the entire unit under all scenarios.  

Agriculture is high across the entire unit in all scenarios, except for the B1 scenarios in the 

year 2070, where agriculture is moderate.  Forested cover is relatively high across the unit 

under all scenarios; thus, deadwood does not appear to be a limiting factor.  There are no 

predicted sea level rise or water engineering project impacts. The Upper Pearl Unit is likely 

to remain at a moderate level of resilience, and is likely a stronghold for the species, as 

threats are projected to be low, and this unit has the highest amount of protected land 

compared to all other units. 
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Table 6.11-Summary of projected habitat factors and resilience for resilience units at A) Year 2040 

Land Use/Climate Scenario A2 + 1ft (0.30m) Sea Level Rise, B) Year 2040 Land Use/Climate 

Scenario A2 + 2ft (0.61m) Sea Level Rise, C) Year 2040 Land Use/Climate Scenario B1 + 1ft 

(0.30m) Sea Level Rise, D) Year 2040 Land Use/Climate Scenario B1 + 2ft (0.61m) Sea Level 

Rise, E) Year 2070 Land Use/Climate Scenario A2 + 3ft (0.91m) Sea Level Rise, F) Year 2070 

Land Use/Climate Scenario A2 + 5ft (1.52m) Sea Level Rise, G)Year 2070 Land Use/Climate 

Scenario B1 + 3ft (0.91m) Sea Level Rise, and H) Year 2070 Land Use/Climate Scenario B1 + 5ft 

(1.52m) Sea Level Rise. 

A) Year 2040 Land Use/Climate Scenario A2 + 1ft (0.30m) Sea Level Rise 

Unit Future Habitat Factors Future Resilience 
Bogue Chitto Development remains low; agriculture 

remains high; stable forested cover; no 
SLR or reservoir projects predicted. 

Likely to maintain moderate resilience, 
although uncertainty remains regarding 
future mining activity. 

Lower Pearl Development remains low across much of 
the unit, although the Hoblochitto and 
West Pearl are projected to have high 
amounts of development; agriculture is 
projected to be high across the entire unit; 
forested cover remains stable; SLR 
impacts approximately 6 river miles of 
known occupied habitat in the southern 
extent of the East Pearl. 

Likely a decrease in resilience due to loss 
of habitat in the southern portion of the 
unit due to SLR, high levels of agriculture 
across the unit, and high development in 
two streams. 

Middle Pearl Silver Development remains low; agriculture 
increases from moderate to high; forested 
cover increases; no SLR or reservoir 
projects predicted. 

Likely a slight decrease to current 
resilience (low) due to increase in 
agriculture, although this could be offset 
by increases in forested cover. 

Middle Pearl Strong (No Development remains moderate; Likely decrease to current resiliency 

One Lake Project) agriculture increases to high; 2 streams 
(Strong and Purvis) decrease substantially 
in forested cover; no SLR or reservoir 
projects predicted. 

(moderate) due to increased agriculture 
and decreased forested cover within unit. 

Middle Pearl Strong (One Development remains moderate; Likely to substantially decrease resiliency. 

Lake Project) agriculture increases to high; 2 streams 
(Strong and Purvis) decrease substantially 
in forested cover; no SLR predicted. One 
Lake project results in loss of habitat and 
individuals 

Although the unit is highly likely to 
remain extant, there will likely be 
substantial loss of habitat and degradation 
of remaining habitat due to One Lake 
project and increased levels of 
development and agriculture. 

Upper Pearl Development remains low; agriculture 
increases to high; forested cover is very 
high across the entire unit; no SLR or 
reservoir projects predicted. 

Likely a slight decrease to current 
resilience (moderate) due to increase in 
agriculture, although this could be offset 
by high levels of forested cover. 
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B) Year 2040 Land Use/Climate Scenario A2 + 2ft (0.61m) Sea Level Rise 

Unit Future Habitat Factors Future Resilience 
Bogue Chitto Development remains low; agriculture 

remains high; stable forested cover; no 
SLR or reservoir projects predicted. 

Likely to maintain moderate resilience, 
although uncertainty remains regarding 
future mining activity. 

Lower Pearl Development remains low across much 
of the unit, although the Hoblochitto and 
West Pearl are projected to have high 
amounts of development; agriculture is 
projected to be high across the entire 
unit; forested cover remains stable; SLR 
impacts approximately 8 river miles of 
known occupied habitat in the southern 
extent of the East Pearl. 

Likely a significant decrease in resilience 
due to loss of habitat in the southern 
portion of the unit due to SLR, high levels 
of agriculture across the unit, and high 
development in two streams. 

Middle Pearl Silver Development remains low; agriculture 
increases from moderate to high; forested 
cover increases; no SLR or reservoir 
projects predicted. 

Likely a slight decrease to current 
resilience (low) due to increase in 
agriculture, although this could be offset by 
increases in forested cover. 

Middle Pearl Strong (No Development remains moderate; Likely decrease to current resiliency 

One Lake Project) agriculture increases to high; 2 streams 
(Strong and Purvis) decrease 
substantially in forested cover; no SLR or 
reservoir projects predicted. 

(moderate) due to increased agriculture and 
decreased forested cover within unit. 

Middle Pearl Strong (One Development remains moderate; Likely to substantially decrease resiliency. 

Lake Project) agriculture increases to high; 2 streams 
(Strong and Purvis) decrease 
substantially in forested cover; no SLR 
predicted. One Lake project results in 
loss of habitat and individuals 

Although the unit is highly likely to remain 
extant, there will likely be substantial loss 
of habitat and degradation of remaining 
habitat due to One Lake project and 
increased levels of development and 
agriculture. 

Upper Pearl Development remains low; agriculture 
increases to high; forested cover is very 
high across the entire unit; no SLR or 
reservoir projects predicted. 

Likely a slight decrease to current 
resilience (moderate) due to increase in 
agriculture, although this could be offset by 
high levels of forested cover. 
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C) Year 2040 Land Use/Climate Scenario B1 + 1ft (0.30m) Sea Level Rise 

Unit Future Habitat Factors Future Resilience 
Bogue Chitto Development remains low; agriculture 

remains high; stable forested cover; no 
SLR or reservoir projects predicted. 

Likely to maintain moderate resilience, 
although uncertainty remains regarding 
future mining activity. 

Lower Pearl Low levels of development, and 
moderate levels of agriculture across the 
entire unit; forested cover remains stable; 
SLR impacts approximately 6 river miles 
of known occupied habitat in the 
southern extent of the East Pearl. 

Decrease in resilience in the southern 
portion of the unit because of loss of habitat 
due to SLR. The rest of the unit is likely to 
maintain current resilience (low). 

Middle Pearl Silver Development remains low; agriculture 
stays moderate; forested cover increases; 
no SLR or reservoir projects predicted. 

Likely to maintain current resilience (low), 
or potentially increase slightly due to 
increases in forested cover. 

Middle Pearl Strong (No 

One Lake Project) 

Development remains moderate; 
agriculture increases to high; stable 
forested cover; no SLR or reservoir 
projects predicted. 

Likely a slight decrease to current 
resiliency (moderate) due to increased 
agriculture. 

Middle Pearl Strong (One 

Lake Project) 

Development remains moderate; 
agriculture increases to high; stable 
forested cover; no SLR predicted. One 
Lake project results in loss of habitat and 
individuals. 

Likely to substantially decrease resiliency. 
Although the unit is highly likely to remain 
extant, there will likely be substantial loss 
of habitat and degradation of remaining 
habitat due to One Lake project and 
increased levels of development and 
agriculture. 

Upper Pearl Development remains low; agriculture 
increases to high; forested cover is very 
high across the entire unit; no SLR or 
reservoir projects predicted. 

Likely a slight decrease to current 
resilience (moderate) due to increase in 
agriculture, although this could be offset by 
high levels of forested cover. 
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D) Year 2040 Land Use/Climate Scenario B1 + 2ft (0.61m) Sea Level Rise 

Unit Future Habitat Factors Future Resilience 
Bogue Chitto Development remains low; agriculture 

remains high; stable forested cover; no 
SLR or reservoir projects predicted. 

Likely to maintain moderate resilience, 
although uncertainty remains regarding 
future mining activity. 

Lower Pearl Low levels of development, and 
moderate levels of agriculture across the 
entire unit; forested cover remains stable; 
SLR impacts approximately 8 river miles 
of known occupied habitat in the 
southern extent of the East Pearl. 

Decrease in resilience in the southern 
portion of the unit because of loss of habitat 
due to SLR. The rest of the unit is likely to 
maintain current resilience (low). 

Middle Pearl Silver Development remains low; agriculture 
stays moderate; forested cover increases; 
no SLR or reservoir projects predicted. 

Likely to maintain current resilience (low), 
or potentially increase slightly due to 
increases in forested cover. 

Middle Pearl Strong (No 

One Lake Project) 

Development remains moderate; 
agriculture increases to high; stable 
forested cover; no SLR or reservoir 
projects predicted. 

Likely a slight decrease to current 
resiliency (moderate) due to increased 
agriculture. 

Middle Pearl Strong (One 

Lake Project) 

Development remains moderate; 
agriculture increases to high; stable 
forested cover; no SLR predicted. One 
Lake project results in loss of habitat and 
individuals. 

Likely to substantially decrease resiliency. 
Although the unit is highly likely to remain 
extant, there will likely be substantial loss 
of habitat and degradation of remaining 
habitat due to One Lake project and 
increased levels of development and 
agriculture. 

Upper Pearl Development remains low; agriculture 
increases to high; forested cover is very 
high across the entire unit; no SLR or 
reservoir projects predicted. 

Likely a slight decrease to current 
resilience (moderate) due to increase in 
agriculture, although this could be offset by 
high levels of forested cover. 
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E) Year 2070 Land Use/Climate Scenario A2 + 3ft (0.91m) Sea Level Rise 

Unit Future Habitat Factors Future Resilience 
Bogue Chitto Development remains low; agriculture 

remains high; stable forested cover; no 
SLR or reservoir projects predicted. 

Likely to maintain moderate resilience, 
although uncertainty remains regarding 
future mining activity. 

Lower Pearl Development and agriculture increase 
significantly across the entire unit. 
Forested cover decreases substantially in 
the East Pearl, Hoblochitto, and Pearl 
Navigation Canal. SLR impacts 
approximately 9 river miles of known 
occupied habitat in the southern extent of 
the East Pearl. 

Likely a significant decrease in resilience 
due to loss of habitat in the southern 
portion of the unit due to SLR, high levels 
of agriculture across the unit, significant 
increases in development, and substantial 
decreases in forested cover in 3 streams. 

Middle Pearl Silver Development remains low; agriculture 
increases from moderate to high; stable 
forested cover; no SLR or reservoir 
projects predicted. 

Likely a slight decrease to current 
resilience (low) due to increase in 
agriculture. 

Middle Pearl Strong (No Development is high in the mainstem, and Likely a significant decrease to current 

One Lake Project) moderate in all other streams; agriculture 
increases to high; forested cover decreases 
across most of the unit; no SLR or 
reservoir projects predicted. 

resilience, potentially from moderate to 
low due to high levels of development and 
agriculture and decreases in forested 
cover. 

Middle Pearl Strong (One Development is high in the mainstem, and Likely a significant decrease to current 

Lake Project) moderate in all other streams; agriculture 
increases to high; forested cover decreases 
across most of the unit; no SLR predicted; 
One Lake project results in loss of habitat 
and individuals. 

resilience, likely from moderate to low 
due to high levels of development and 
agriculture and decreases in forested 
cover. Compounding these issues is the 
One Lake Project, which will result in 
significant loss and degradation of habitat. 

Upper Pearl Development remains low; agriculture 
increases to high; forested cover is very 
high across the entire unit; no SLR or 
reservoir projects predicted. 

Likely a slight decrease to current 
resilience (moderate) due to increase in 
agriculture, although this could be offset 
by high levels of forested cover. 
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F) Year 2070 Land Use/Climate Scenario A2 + 5ft (1.52m) Sea Level Rise 

Unit Future Habitat Factors Future Resilience 
Bogue Chitto Development remains low; agriculture 

remains high; stable forested cover; no 
SLR or reservoir projects predicted. 

Likely to maintain moderate resilience, 
although uncertainty remains regarding 
future mining activity. 

Lower Pearl Development and agriculture increase 
significantly across the entire unit. 
Forested cover decreases substantially in 
the East Pearl, Hoblochitto, and Pearl 
Navigation Canal. SLR impacts 
approximately 10 river miles of known 
occupied habitat in the southern extent of 
the East Pearl and a small portion of 
occupied habitat in the West Pearl just 
north of I-10. 

Likely a significant decrease in resilience 
due to loss of habitat in the southern 
portion of the unit due to SLR, high levels 
of agriculture across the unit, significant 
increases in development, and substantial 
decreases in forested cover in 3 streams. 

Middle Pearl Silver Development remains low; agriculture 
increases from moderate to high; stable 
forested cover; no SLR or reservoir 
projects predicted. 

Likely a slight decrease to current resilience 
(low) due to increase in agriculture. 

Middle Pearl Strong (No 

One Lake Project) 

Development is high in the mainstem, 
and moderate in all other streams; 
agriculture increases to high; forested 
cover decreases across most of the unit; 
no SLR or reservoir projects predicted. 

Likely a significant decrease to current 
resilience, potentially from moderate to low 
due to high levels of development and 
agriculture, and decreases in forested cover. 

Middle Pearl Strong (One Development is high in the mainstem, Likely a significant decrease to current 

Lake Project) and moderate in all other streams; 
agriculture increases to high; forested 
cover decreases across most of the unit; 
no SLR predicted. One Lake project 
results in loss of habitat and individuals. 

resilience, likely from moderate to low due 
to high levels of development and 
agriculture, and decreases in forested cover. 
Compounding these issues is the One Lake 
Project, which will result in significant loss 
and degradation of habitat. 

Upper Pearl Development remains low; agriculture 
increases to high; forested cover is very 
high across the entire unit; no SLR or 
reservoir projects predicted. 

Likely a slight decrease to current resilience 
(moderate) due to increase in agriculture, 
although this could be offset by high levels 
of forested cover. 
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G) Year 2070 Land Use/Climate Scenario B1 + 3ft (0.91m) Sea Level Rise, and H) Year 2070 Land 
Use/Climate Scenario B1 + 5ft (1.52m) Sea Level Rise 

Unit Future Habitat Factors Future Resilience 
Bogue Chitto Development remains low; agriculture 

remains high; stable forested cover; no 
SLR or reservoir projects predicted. 

Likely to maintain moderate resilience, 
although uncertainty remains regarding 
future mining activity. 

Lower Pearl Development is low across the entire 
unit. Agriculture remains moderate 
across the entire unit. Forested cover is 
high. SLR impacts approximately 9 river 
miles of known occupied habitat in the 
southern extent of the East Pearl. 

Likely a slight decrease to resilience due to 
SLR impacts in the southern portion of the 
unit. Land use and forested cover remain 
stable. 

Middle Pearl Silver Development remains low; agriculture 
stays moderate; forested cover increases; 
no SLR or reservoir projects predicted. 

Likely to maintain current resilience (low), 
or potentially increase slightly due to 
increases in forested cover. 

Middle Pearl Strong (No 

One Lake Project) 

Development and agriculture stay at 
moderate levels; stable forested cover; no 
SLR or reservoir projects predicted. 

Resilience is likely to stay moderate; the 
same as current condition. 

Middle Pearl Strong (One 

Lake Project) 

Development and agriculture stay at 
moderate levels; stable forested cover; no 
SLR predicted. One Lake project results 
in loss of habitat and individuals. 

Resilience will decrease in the areas in and 
adjacent to the One Lake Project area due 
to significant loss and degradation of 
habitat. The rest of the unit will likely 
remain stable due to no significant 
increases in other threats. 

Upper Pearl Development remains low; agriculture 
remains moderate; forested cover is very 
high across the entire unit; no SLR or 
reservoir projects predicted. 

Likely to maintain current resilience (low), 
or potentially increase slightly due to 
increases in forested cover. 
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H) Year 2070 Land Use/Climate Scenario B1 + 5ft (1.52m) Sea Level Rise. 

Unit Future Habitat Factors Future Resilience 
Bogue Chitto Development remains low; agriculture 

decreases to moderate; stable forested 
cover; no SLR or reservoir projects 
predicted. 

Likely to maintain moderate resilience, 
although uncertainty remains regarding 
future mining activity. 

Lower Pearl Development is low across the entire 
unit. Agriculture remains moderate 
across the entire unit. Forested cover is 
high. SLR impacts approximately 10 
river miles of known occupied habitat in 
the southern extent of the East Pearl and 
a small portion of occupied habitat in the 
West Pearl just north of I-10. 

Likely a slight decrease to resilience due to 
SLR impacts in the southern portion of the 
unit. Land use and forested cover remain 
stable. 

Middle Pearl Silver Development remains low; agriculture 
decreases from moderate to low; forested 
cover increases; no SLR or reservoir 
projects predicted. 

Likely to maintain current resilience (low), 
or potentially increase slightly due to 
decreased agriculture and increases in 
forested cover. 

Middle Pearl Strong (No 

One Lake Project) 

Development and agriculture stay at 
moderate levels; stable forested cover; no 
SLR or reservoir projects predicted. 

Resilience is likely to stay moderate; the 
same as current condition. 

Middle Pearl Strong (One 

Lake Project) 

Development and agriculture stay at 
moderate levels; stable forested cover; no 
SLR predicted. One Lake project results 
in loss of habitat and individuals. 

Resilience will decrease in the areas in and 
adjacent to the One Lake Project area due 
to significant loss and degradation of 
habitat. The rest of the unit will likely 
remain stable due to no significant 
increases in other threats. 

Upper Pearl Development remains low; agriculture 
remains moderate; forested cover is very 
high across the entire unit; no SLR or 
reservoir projects predicted. 

Likely to maintain current resilience (low), 
or potentially increase slightly due to 
increases in forested cover. 

6.5.2 Future Representation 

Representation refers to the breadth of genetic and environmental diversity within and among 

populations, which influences the ability of a species to adapt to changing environmental 

conditions over time. Differences in life history traits, habitat features, and/or genetics across a 

species range often aid in the delineation of representative units, which are used to assess species 

representation. 

We consider the entire range of the Pearl River map turtle to be one representative unit based on 

a recent study that found no distinct genetic structure was present across the species range 

(Pearson et al. 2020, pp. 11-12). However, the Strong River, located in the Pearl River Strong 
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unit, may have some unique habitat features that could confer unique adaptive pressure 

(Lindeman pers. comm. 2020, p. 4), most notably, the Strong River has some very rocky 

stretches that are unlike anything else in the drainage, water quality appears to be better than 

most of the rest of the drainage, and fish diversity is high in these rocky areas (Selman pers. 

comm. 2020a, p. 7).  Although we do not consider the Strong River to be a separate 

representative unit, we consider the Strong River to be a potentially significant stream because of 

the unique characteristics of the habitat. 

When looking at projections of threats within the Strong River, a few general trends can be seen.  

First, for land use, development is projected to remain low. In the A2 climate scenarios, 

agriculture increases from moderate to high; in the B1 climate scenarios, agriculture stays 

moderate. Also, forested cover within the riparian zone of the Strong River remains relatively 

high (68-83%), although it does drop across all climate scenarios from current condition (92%). 

Sea level rise does not impact this river in any of our scenarios, as the Strong River is far enough 

inland to avoid the effects of inundation. Finally, the One Lake project is not anticipated to 

directly impact the Strong River due to the location of the project (i.e. mainstem Pearl River). 

Given all of this information, although the resilience of the Strong River might decrease slightly 

due to land use projections, it is likely the Strong River will support a moderate density of 

individual turtles, and thus contribute to representation through maintenance of potential genetic 

diversity based on unique habitat features. It is noteworthy that a recent genetics study has 

revealed that genetic diversity is lower in Pearl River map turtles compared to Pascagoula map 

turtles (Pearson et al. 2020, pp. 11-12). Declining populations generally have reduced genetic 

diversity, which can potentially elevate the risk of extinction by reducing a species’ ability and 

potential to adapt to environmental changes (Spielman et al. 2004, entire).  Future studies could 

help to elucidate whether levels of genetic diversity seen in Pearl River map turtles are low 

enough to suggest potential genetic bottlenecks, thus clarifying the species level of 

representation. 

6.5.3 Future Redundancy 

Redundancy refers to the ability of a species to withstand catastrophic events and is measured by 

the amount and distribution of resilient populations across the species range. Catastrophic events 
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that could severely impact or extirpate entire Pearl River map turtle units include chemical spills, 

changes in upstream land use that alters stream characteristics and water quality downstream, 

dam construction with a reservoir drowning lotic river habitat, and potential effects of climate 

change such as rising temperatures and sea level rise.  Although we do not project any of the 

units to be extirpated in any scenarios, we do anticipate resilience to drop significantly in several 

units across many scenarios.  For example, the Middle Pearl Strong unit will likely lose a 

substantial amount of habitat and individuals under all scenarios in which the One Lake project 

is initiated. Also, the Lower Pearl unit will be impacted by sea level rise under all scenarios, and 

this is compounded by projected increases in both development and agriculture.  All other units 

are anticipated to remain relatively stable. Because extant units of the species are predicted to be 

distributed relatively widely, it is highly unlikely that a catastrophic event would impact the 

entire species’ range, thus the Pearl River map turtle is predicted to exhibit a moderate degree of 

redundancy in the future under all scenarios. 

6.5.4 Future Conditions Summary 

We assessed future resilience as a function of four habitat/threat factors (land use, sea level rise, 

riparian forested cover, and future water engineering projects). Based on these factors, there are 

two populations predicted to substantially decrease in resilience across most of the future 

scenarios: Lower Pearl and Middle Pearl Strong. The Lower Pearl unit faces a myriad of future 

threats, including impacts from seal level rise in the southern portion of the unit, substantial 

increases in development and agriculture within the A2 climate scenarios, and loss of forested 

cover within the A2 climate scenarios. For the Middle Pearl Strong, the magnitude of decrease is 

most closely tied to the One Lake project. If the One Lake Project moves forward within the next 

50 years, areas in and around the project site are anticipated to be substantially negatively 

impacted. The Bogue Chitto, Middle Pearl Silver, and Upper Pearl units are anticipated to 

maintain their current resilience, or only slightly decrease, as the main threats assessed are not 

anticipated to increase markedly in the future. One caveat for the Bogue Chitto: there is 

uncertainty in levels and patterns of mining in the future, and this has been identified as a current 

threat in some portions of the unit. 
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Regarding redundancy, all five units are predicted to remain extant under all scenarios, and those 

units are distributed relatively widely, thus it is unlikely that a catastrophic event would impact 

the entire range of the species. We did not assess multiple representative units for the species due 

to recent research indicating no significant genetic structuring. Species experts indicated the 

Strong River might be unique from a habitat perspective (i.e. distinctly rocky stretches), so it is 

notable that the Strong River is not predicted to significantly increase any primary threats. If the 

Strong River is indeed conferring different adaptive pressures due to the unique habitat type 

found there, the Strong River is predicted to continue contributing to representation for the 

species. 

Figure 6.6- Future resiliency of Pearl River map turtle analysis units. The arrows indicate 
direction of change from current to future conditions. The color of the units indicates the current 
condition; red=low, orange=moderate, and green= high. 
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APPENDIX A – LAND USE SUMMARIES FOR PEARL RIVER RESILIENCE UNITS 

Table 1-A) Summary of current development across the Bogue Chitto unit and within riparian areas. B) 
Summary of current agriculture across the Bogue Chitto unit and within riparian areas.  Streams in bold are 
mainstem reaches; all other streams are considered tributaries. 

A) 

Stream Total Acres Current Acres 
Developed 

% Developed 
Current 

Total Acres 
Riparian 

Current Acres 
Developed 
Riparian 

% Developed 
Riparian 

Bogue Chitto 773543.88 51073.79 6.60 6074.26 60.94 1.00 

Magees 773543.88 51073.79 6.60 1834.75 25.80 1.41 

Topisaw 773543.88 51073.79 6.60 1306.12 18.90 1.45 

B) 

Stream Total Acres Current Acres 
Agriculture 

% Agriculture 
Current 

Total Acres 
Riparian 

Current Acres 
Agriculture 
Riparian 

% Agriculture 
Riparian 

Bogue Chitto 773543.88 175388.53 22.67 6074.26 92.74 1.53 

Magees 773543.88 175388.53 22.67 1834.75 69.39 3.78 

Topisaw 773543.88 175388.53 22.67 1306.12 185.48 14.20 

Table 2-A) Summary of current development across the Lower Pearl unit and within riparian areas. B) 
Summary of current agriculture across the Lower Pearl unit and within riparian areas.  Streams in bold are 
mainstem reaches; all other streams are considered tributaries. 

A) 

Stream Total Acres Current Acres 
Developed 

% Developed 
Current 

Total Acres 
Riparian 

Current Acres 
Developed 
Riparian 

% Developed 
Riparian 

East Pearl 1165606.50 77706.64 6.67 1987.98 10.67 0.54 

Hobolochitto 1165606.50 77706.64 6.67 291.34 2.22 0.76 

Holmes Bayou 1165606.50 77706.64 6.67 204.38 0.00 0.00 

Lower Pearl 1165606.50 77706.64 6.67 5920.59 33.14 0.56 
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Navigation 
Canal 

1165606.50 77706.64 6.67 84.07 0.44 0.53 

Pushepatapa 1165606.50 77706.64 6.67 1210.94 19.35 1.60 

West 
Hobolochitto 

1165606.50 77706.64 6.67 2456.35 24.91 1.01 

West Pearl 1165606.50 77706.64 6.67 1868.34 12.68 0.68 

B) 

Stream Total Acres Current Acres 
Agriculture 

% Agriculture 
Current 

Total Acres 
Riparian 

Current Acres 
Agriculture 
Riparian 

% Agriculture 
Riparian 

East Pearl 1165606.50 144723.89 12.42 1987.98 4.45 0.22 

Hobolochitto 1165606.50 144723.89 12.42 291.34 0.00 0.00 

Holmes Bayou 1165606.50 144723.89 12.42 204.38 0.00 0.00 

Lower Pearl 1165606.50 144723.89 12.42 5920.59 5.56 0.09 

Navigation 
Canal 

1165606.50 144723.89 12.42 84.07 0.00 0.00 

Pushepatapa 1165606.50 144723.89 12.42 1210.94 8.90 0.73 

West 
Hobolochitto 

1165606.50 144723.89 12.42 2456.35 8.23 0.33 

West Pearl 1165606.50 144723.89 12.42 1868.34 0.00 0.00 

Table 3-A) Summary of current development across the Middle Pearl Silver unit and within riparian areas. B) 
Summary of current agriculture across the Middle Pearl Silver unit and within riparian areas.  Streams in bold 
are mainstem reaches; all other streams are considered tributaries. 

A) 

Stream Total 
Acres 

Current Acres 
Developed 

% Developed 
Current 

Total Acres 
Riparian 

Current Acres 
Developed 
Riparian 

% Developed 
Riparian 

Middle Pearl Silver 779923.50 37647.61 4.83 3798.50 15.79 0.42 

B) 
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Stream Total 
Acres 

Current Acres 
Agriculture 

% Agriculture 
Current 

Total Acres 
Riparian 

Current Acres 
Agriculture 
Riparian 

% Agriculture 
Riparian 

Middle Pearl Silver 779923.50 117150.98 15.02 3798.50 81.17 2.14 

Table 4-A) Summary of current development across the Middle Pearl Strong unit and within riparian areas. B) 
Summary of current agriculture across the Middle Pearl Strong unit and within riparian areas.  Streams in bold 
are mainstem reaches; all other streams are considered tributaries. 

A) 

Stream Total 
Acres 

Current Acres 
Developed 

% Developed 
Current 

Total Acres 
Riparian 

Current Acres 
Developed 
Riparian 

% Developed 
Riparian 

Middle Pearl Strong 1265209.88 152007.75 12.01 5612.35 61.16 1.09 

Pelahatchie 1265209.88 152007.75 12.01 2114.75 23.80 1.13 

Purvis 1265209.88 152007.75 12.01 825.53 6.00 0.73 

Strong 1265209.88 152007.75 12.01 4351.15 29.36 0.67 

B) 

Stream Total 
Acres 

Current Acres 
Agriculture 

% Agriculture 
Current 

Total Acres 
Riparian 

Current Acres 
Agriculture 
Riparian 

% Agriculture 
Riparian 

Middle Pearl Strong 1265209.88 202578.92 16.01 5612.35 219.50 3.91 

Pelahatchie 1265209.88 202578.92 16.01 2114.75 34.25 1.62 

Purvis 1265209.88 202578.92 16.01 825.53 89.18 10.80 

Strong 1265209.88 202578.92 16.01 4351.15 142.11 3.27 

Table 5-A) Summary of current development across the Upper Pearl unit and within riparian areas. B) 
Summary of current agriculture across the Upper Pearl unit and within riparian areas.  Streams in bold are 
mainstem reaches; all other streams are considered tributaries. 

A) 
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Stream Total Acres Current Acres 
Developed 

% Developed 
Current 

Total Acres 
Riparian 

Current Acres 
Developed 
Riparian 

% Developed 
Riparian 

Lobutcha 1576498.75 81862.08 5.19 2921.60 21.57 0.74 

Tuscolometa 1576498.75 81862.08 5.19 1611.47 10.90 0.68 

Upper Pearl 1576498.75 81862.08 5.19 3660.61 23.80 0.65 

Yockanookany 1576498.75 81862.08 5.19 3655.28 20.68 0.57 

B) 

Stream Total Acres Current Acres 
Agriculture 

% Agriculture 
Current 

Total Acres 
Riparian 

Current Acres 
Agriculture 
Riparian 

% Agriculture 
Riparian 

Lobutcha 1576498.75 263492.78 16.71 2921.60 28.02 0.96 

Tuscolometa 1576498.75 263492.78 16.71 1611.47 28.91 1.79 

Upper Pearl 1576498.75 263492.78 16.71 3660.61 18.68 0.51 

Yockanookany 1576498.75 263492.78 16.71 3655.28 129.43 3.54 
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APPENDIX B – USFWS LEMIS REPORT 

U.S. Fish and Wildlife Service Law Enforcement Management Information System (LEMIS) 
Graptemys report for exports from the United States from 2005 to 2019. 

Year Genus Species Specific Name Generic 
Name 

Wildlife 
Desc Quant Ctry 

IER IE Year Quant 

2005 GRAPTEMYS SPECIES MAP TURTLE LIV 150 AR E 2005 150 
2005 GRAPTEMYS SPECIES MAP TURTLE LIV 1,500 AU E 2005 1,500 
2005 GRAPTEMYS SPECIES MAP TURTLE LIV 11,700 BE E 2005 11,700 
2005 GRAPTEMYS SPECIES MAP TURTLE LIV 1,100 CH E 2005 1,100 
2005 GRAPTEMYS SPECIES MAP TURTLE LIV 100 CN E 2005 100 
2005 GRAPTEMYS SPECIES MAP TURTLE LIV 19,400 CZ E 2005 19,400 
2005 GRAPTEMYS SPECIES MAP TURTLE LIV 12,176 DE E 2005 12,176 
2005 GRAPTEMYS SPECIES MAP TURTLE LIV 56 DK E 2005 56 
2005 GRAPTEMYS SPECIES MAP TURTLE LIV 35,158 ES E 2005 35,158 
2005 GRAPTEMYS SPECIES MAP TURTLE LIV 2,000 FR E 2005 2,000 
2005 GRAPTEMYS SPECIES MAP TURTLE LIV 2,374 GB E 2005 2,374 
2005 GRAPTEMYS SPECIES MAP TURTLE LIV 1,380 HK E 2005 1,380 
2005 GRAPTEMYS SPECIES MAP TURTLE LIV 6,705 HU E 2005 6,705 
2005 GRAPTEMYS SPECIES MAP TURTLE LIV 22,517 IT E 2005 22,517 
2005 GRAPTEMYS SPECIES MAP TURTLE LIV 4,699 JP E 2005 4,699 
2005 GRAPTEMYS SPECIES MAP TURTLE LIV 9,275 KR E 2005 9,275 
2005 GRAPTEMYS SPECIES MAP TURTLE LIV 25 MO E 2005 25 
2005 GRAPTEMYS SPECIES MAP TURTLE LIV 14,531 MX E 2005 14,531 
2005 GRAPTEMYS SPECIES MAP TURTLE LIV 50 MY E 2005 50 
2005 GRAPTEMYS SPECIES MAP TURTLE LIV 4,550 NL E 2005 4,550 
2005 GRAPTEMYS SPECIES MAP TURTLE LIV 6,800 PL E 2005 6,800 
2005 GRAPTEMYS SPECIES MAP TURTLE LIV 25,350 PT E 2005 25,350 
2005 GRAPTEMYS SPECIES MAP TURTLE LIV 1,009 TW E 2005 1,009 
2005 GRAPTEMYS SPECIES MAP TURTLE LIV 1,000 UA E 2005 1,000 

2006 GRAPTEMYS GIBBONSI 
PASCAGOULA 
MAP TURTLE LIV 4 DE E 2006 4 

2006 GRAPTEMYS GIBBONSI 
PASCAGOULA 
MAP TURTLE LIV 143 JP E 2006 143 

2006 GRAPTEMYS GIBBONSI 
PASCAGOULA 
MAP TURTLE LIV 31 TW E 2006 31 

2006 GRAPTEMYS SPECIES MAP TURTLE LIV 250 AR E 2006 250 
2006 GRAPTEMYS SPECIES MAP TURTLE LIV 500 BE E 2006 500 
2006 GRAPTEMYS SPECIES MAP TURTLE LIV 17 CH E 2006 17 
2006 GRAPTEMYS SPECIES MAP TURTLE LIV 2,450 DE E 2006 2,450 
2006 GRAPTEMYS SPECIES MAP TURTLE LIV 4,000 ES E 2006 4,000 
2006 GRAPTEMYS SPECIES MAP TURTLE LIV 500 GB E 2006 500 
2006 GRAPTEMYS SPECIES MAP TURTLE LIV 1,000 HK E 2006 1,000 
2006 GRAPTEMYS SPECIES MAP TURTLE LIV 2,500 HU E 2006 2,500 
2006 GRAPTEMYS SPECIES MAP TURTLE LIV 25 ID E 2006 25 
2006 GRAPTEMYS SPECIES MAP TURTLE LIV 1,500 IT E 2006 1,500 
2006 GRAPTEMYS SPECIES MAP TURTLE LIV 1,435 JP E 2006 1,435 
2006 GRAPTEMYS SPECIES MAP TURTLE LIV 4,200 KR E 2006 4,200 
2006 GRAPTEMYS SPECIES MAP TURTLE LIV 3,575 MX E 2006 3,575 
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Year Genus Species Specific Name Generic 
Name 

Wildlife 
Desc Quant Ctry 

IER IE Year Quant 

2006 GRAPTEMYS SPECIES MAP TURTLE LIV 100 MY E 2006 100 
2007 GRAPTEMYS SPECIES MAP TURTLE LIV 450 BE E 2007 450 
2007 GRAPTEMYS SPECIES MAP TURTLE LIV 1,900 CZ E 2007 1,900 
2007 GRAPTEMYS SPECIES MAP TURTLE LIV 3,000 ES E 2007 3,000 
2007 GRAPTEMYS SPECIES MAP TURTLE LIV 350 GB E 2007 350 
2007 GRAPTEMYS SPECIES MAP TURTLE LIV 2,000 HR E 2007 2,000 
2007 GRAPTEMYS SPECIES MAP TURTLE LIV 2,000 HU E 2007 2,000 
2007 GRAPTEMYS SPECIES MAP TURTLE LIV 4,000 IT E 2007 4,000 
2007 GRAPTEMYS SPECIES MAP TURTLE LIV 1,000 KR E 2007 1,000 
2007 GRAPTEMYS SPECIES MAP TURTLE LIV 3,300 MX E 2007 3,300 
2007 GRAPTEMYS SPECIES MAP TURTLE LIV 18,700 PT E 2007 18,700 
2008 GRAPTEMYS SPECIES MAP TURTLE LIV 1,500 BE E 2008 1,500 
2008 GRAPTEMYS SPECIES MAP TURTLE LIV 3,000 CZ E 2008 3,000 
2008 GRAPTEMYS SPECIES MAP TURTLE LIV 2,100 DE E 2008 2,100 
2008 GRAPTEMYS SPECIES MAP TURTLE LIV 6,050 ES E 2008 6,050 
2008 GRAPTEMYS SPECIES MAP TURTLE LIV 3,450 GB E 2008 3,450 
2008 GRAPTEMYS SPECIES MAP TURTLE LIV 500 HK E 2008 500 
2008 GRAPTEMYS SPECIES MAP TURTLE LIV 1,900 HU E 2008 1,900 
2008 GRAPTEMYS SPECIES MAP TURTLE LIV 12,000 IT E 2008 12,000 
2008 GRAPTEMYS SPECIES MAP TURTLE LIV 4,600 MX E 2008 4,600 
2008 GRAPTEMYS SPECIES MAP TURTLE LIV 20,000 PT E 2008 20,000 
2008 GRAPTEMYS SPECIES MAP TURTLE LIV 1,000 RO E 2008 1,000 
2008 GRAPTEMYS SPECIES MAP TURTLE LIV 3,000 TW E 2008 3,000 

2013 GRAPTEMYS GIBBONSI 
PASCAGOULA 
MAP TURTLE SPE 2 CA E 2013 2 

2013 GRAPTEMYS SPECIES MAP TURTLE SPR 1 CA E 2013 1 

2018 GRAPTEMYS PEARLENSIS 
PEARL RIVER 
MAP TURTLE LIV 6 AT E 2018 6 

2019 GRAPTEMYS SPECIES MAP TURTLE SPR 1 FR E 2019 1 

Wildlife Desc- Wildlife Description 

LIV- Live specimens (live animals or plants) 
SPE- Specimen (scientific or museum) 
SPR- Shell product (mollusc or turtle) 

Ctry IER-Country Code 

AR-Argentina DE-Germany HU-Hungary MY-Malaysia 
AT-Austria DK-Denmark ID-Indonesia NL-Netherlands 
AU-Australia ES-Spain IT-Italy PL-Poland 
BE-Belgium FR-France JP-Japan PT-Portugal 
CA-Canada GB-England KR-Republic of Korea (South) RO-Romania 
CH-Switzerland HK-Hong Kong MO-Macao TW-Taiwan (Province of China) 
CN-China HR-Croatia MX-Mexico UA-Ukraine 
CZ-Czech Republic 
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SUMMARY OF VERSION UPDATES 

Differences between Version 1.1 (September 2020) and Version 1.2 (March 2021) of the 
alligator snapping turtle Species Status Assessment (SSA) report are minor. Below we 
briefly summarize specific reports and updates resulting from that new information are 
incorporated as appropriate in Version 1.2. 

Carr et al. (2020, entire) selected sampling sites across six states within the range of the two 
alligator snapping turtle species. There were 183 trapping sessions that resulted in the 
capture of 2500 turtles, of which 509 were alligator snapping turtles, either M. temminckii or 
M. suwanniensis (Carr et al. 2002, Table 1). The number of turtles captured across states 
varied from 4 to 300 in each state surveyed. Catch per unit effort (# of turtles/trap-night [t-
n]) was calculated for trapping sessions to allow for comparisons by water body and stream 
basin (Carr et al. 2020, p. 5). This value ranged from .0979 AST/trap-night in Georgia to 
.2044 AST/trap-night in Alabama. 

The Louisiana Department of Wildlife and Fisheries provided a courtesy draft of their 
Louisiana Turtle Conservation Plan to the Service, which contained past and recent survey 
information as well as helpful information related to price/hatchling. The report also 
provided a description of how best to use and interpret Catch per Unit Effort (CPUE) data for 
turtles. 

Johnson 2020 (entire) conducted an occupancy analysis of alligator snapping turtle and 
factors that influence occupancy in northeast Louisiana. The study found a balanced sex 
ratio of 1:1, but adult to juvenile ratio of 7:1, which may be related to low nest success. 
Another thesis completed by Shook (2020) identified potential human pressures and analyzed 
the relationship between maternal size and reproductive output in northeast Louisiana. It also 
identified a few additional threats including gunshot and road and railway crossings. 

The new information gleaned from these studies and Kessler (2020; discussed in the 
modeling section of the SSA) did not alter our model approach, but did provide additional 
detail and in some cases helped us validate some model parameters. 

A list of the updates to the analysis is provided below: 

1. Additional detail on survey efforts completed since the last version and their 
methodologies (summarized above). 

2. Additional explanation about the modeling effort added to Section 5.1.3. 
3. Figures, Tables, and associated mean values and percent declines in projected 

abundance for each analysis updated (Section 5.2). 
4. Additional clarification about model results added to Section 5.3.1. 
5. Additional citations added to Literature Cited. 
6. New information in Appendix E “Future Condition Model Methods and Results” 

include some minor corrections throughout; new paragraphs; Tables E5 – E12 
updated; and Figures E2 – E12 updated. 
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EXECUTIVE SUMMARY 

The Service was petitioned in 2012 to list the alligator snapping turtle as a threatened or 
endangered species under the Endangered Species Act of 1973, as amended (16 U.S.C. 1531-
1543) (Act). This Species Status Assessment serves as a compilation of the best available 
scientific information about the species as well as an assessment of its current and future 
resiliency, redundancy, and representation. The information detailed in this document will 
serve as the biological underpinning of the U.S. Fish and Wildlife Service’s forthcoming 
decision on whether the alligator snapping turtle warrants protection under the Act. 

The alligator snapping turtle is the largest species of freshwater turtle in North America and 
is among the most aquatic. Sexual maturity is achieved in 11-21 years for males and 13-21 
years for females. No more than one clutch per year per female (average 27.8 eggs per 
clutch) has been observed in the wild, and they exhibit lower reproductive output than the 
smaller common snapping turtle (Chelydra serpentina). They do not appear to be 
particularly selective about nest sites, but nests have been observed across a range of 
distances – approximately 8 to 656 ft (2.5 to 200 m) landward from the nearest water. 
Temperature of the nest site is important because this species also exhibits temperature-
dependent sex-determination, Type 2 – where more males are produced at intermediate 
incubation temperatures and more females are produced at the two extremes (Ernst and 
Lovich 2009, p. 16, 144-146).  Most nesting occurs from May to July (Reed et al. 2002, p. 4) 
with areas in the southern part of the range (e.g., Georgia, Florida and Louisiana) beginning 
in April and extending through May and areas in the north/western portion of the range 
occurring from late May through June to early July (Ernst and Lovich 2009, p. 145, Carr et 
al. 2010, p. 87). Nest predation is a major source of mortality in many turtle populations. 
Growth is rapid until maturity (11-21 years of age), slowing after 15 years of age (Dobie 
1971, p. 654). Alligator snapping turtles display sexual dimorphism with males being 
distinctly larger than females and having a greater anterior-to-vent tail length. 

Alligator snapping turtles are associated with deeper water (usually large rivers, major 
tributaries, bayous, canals, swamps, lakes, ponds, and oxbows), with shallower water 
occupied in early summer and deeper depths in late summer and mid-winter, representing a 
thermoregulatory shift (Ernst and Lovich 2009, p. 141). Hatchlings and juveniles tend to 
occupy shallower water, in comparison. Alligator snapping turtles are also associated with 
structure (e.g., tree root masses, stumps, submerged trees, etc.), and may occupy areas with a 
high percentage of canopy cover or undercut stream banks. Alligator snapping turtles are 
opportunistic predators and foragers and consume a variety of foods.  Fish comprise a 
significant portion of the alligator snapping turtle’s diet; however, crayfish, mollusks, smaller 
turtles, insects, nutria, snakes, birds, and vegetation (including acorns) have also been 
reported (Ernst and Lovich 2009, p. 147). Movements can be highly variable.  In Black 
Bayou Lake and Bayou DeSiard daily distance traveled ranged from 91 to 377 ft per day 
(Sloan and Taylor 1987, p. 345). 

A table of individual, population, and species needs for the alligator snapping turtle is below 
(Table ES1). 
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Table ES1. Individual, population, and species needs for alligator snapping turtles. 

Individual Needs 
Life Stage Need 

Eggs Temperatures 66° to 80° F (19° to 26.5° C) increasing to 79° to 98° F 
(26.1° to 36.5° C) as the season progresses 

Eggs Near shore areas (8 to 656 ft [2.5 to 200 m] landward from the nearest 
water) with appropriate temperatures (see above) 

Hatchlings Shallow water and increased canopy cover 

Juveniles Found in small streams with mud and gravel bottoms (e.g., 8-18 in [20-
46 cm] deep) 

Hatchling/Juvenile/ 
Adult 

Primarily fish, but also crayfish, mollusks, smaller turtles, insects, 
nutria, snakes, birds, and vegetation (including acorns) 

Juvenile/Adult 

Deeper water (usually large rivers, major tributaries, bayous, canals, 
swamps, lakes, ponds, and oxbows); shallower water in early summer 
and deeper depths in late summer and mid-winter (which may be a 
thermoregulatory shift) 

Juvenile/Adult Structure (e.g., tree root masses, stumps, submerged trees, etc.); may 
include a high percentage of canopy cover; or within stream banks 

Adult Mates 

Adult Suitable soils for nesting - generally not found in:  1) low forested areas 
and  2) areas with leaf litter and root mats 

Population Needs (Resiliency) 
Individual needs at 
larger scale 

For populations to persist, they need adequate conditions for breeding, 
feeding, sheltering, and survival as described above at a larger scale 

Habitat Quantity 
and Connectivity 

Areas of connected habitat must be sufficient in size to support enough 
alligator snapping turtles to allow individuals to find mates while 
avoiding inbreeding 

Abundance Populations need enough individuals to provide resilience against 
stochastic demographic and environmental variation 

Species Needs 

Redundancy 
Multiple resilient populations distributed throughout the species’ range 
to buffer species against effects of catastrophic events on individual 
populations 

Representation 

Maintenance of variation within and among populations in terms of 
genetics (3 broad genetic lineages, with finer genetic structure among 
drainages), habitat types, and life history strategies (varies along north-
south gradient), to allow the species to adapt to changing environmental 
conditions 

Extensive commercial and recreational harvesting in the last century resulted in significant 
declines to many alligator snapping turtle populations. Commercial harvest depleted 
populations in Louisiana, Florida, Georgia and Alabama and is now prohibited in all states 
within the range of the species. Recreational harvest of alligator snapping turtles is 
prohibited in every state except for Louisiana and Mississippi. Although regulatory harvest 
restrictions have decreased the quantity of alligator snapping turtles being harvested, 
populations have not necessarily increased in response. This lag in population response is 
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likely due to the demography of the species, specifically delayed maturity, long generation 
times, and relatively low reproductive output. 

Currently, the primary negative influences on viability of alligator snapping turtles are: legal 
and illegal intentional harvest (including for export), bycatch associated with commercial 
fishing of catfish and buffalo, habitat alteration, and nest predation.  Climate change and 
disease might negatively influence the species, but the impacts of these drivers on the species 
are more speculative due to a lack of information.  Conversely, conservation measures that 
have been implemented for the alligator snapping turtle include head-starting and 
reintroductions, as well as various efforts to restore and improve habitat. 

To determine the representation across the range of the species, we used a tiered approach 
(first using genetics and then life history and ecology) and delineated five representative 
units: Western, Southern Mississippi, Northern Mississippi, Alabama, and Apalachicola. 
Subdivision of representative units into analysis units was based primarily on Hydrologic 
Unit Code (HUC) 2 watershed boundaries.  In creating analysis units, we strove to balance 
the needs to a) have units small enough to be able to capture the variation in the condition of 
the species (e.g., abundance, threats) across its range, while also b) retaining units large 
enough that species experts would be able to summarize information about the condition of 
the species for every unit (Figure ES1). 

Figure ES1.  Alligator snapping turtle analysis units.  The two Southern Mississippi units 
(blues) make up one representative unit and the two Northern Mississippi units (greens) 
make up one representative unit; the remaining analysis units each make up a single 
representative unit. 
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Current Conditions 

To assess the current condition of alligator snapping turtles, information was gathered from 
species experts about current abundance (our measure of resilience), current threats, and a 
comparison of the current and historical distribution. Estimates of abundance across analysis 
units range from a high of 200,000 alligator snapping turtles in the Alabama Unit to a low of 
212.5 turtles in the Northern Mississippi – East Unit. Both the Northern Mississippi – East 
and Northern Mississippi – West Units, at the northern reaches of the species’ range, have 
estimated abundances orders of magnitude smaller than most of the more southerly units. 
These northern units have also experienced more range contraction and local extirpation than 
more southern units. 

The range-wide abundance of alligator snapping turtles is estimated to be between 68,154 
and 1,436,825 (a range of 1,368,671; Table ES2). This enormous range in the estimated 
abundance illustrates the very high degree of uncertainty that exists in abundances at local 
sites and the ability to extrapolate local abundance estimates to a much broader spatial scale. 
Within these bounds, the most likely estimate of range-wide alligator snapping turtle 
abundance is 361,213 turtles, with 55% of these occurring in the Alabama Analysis Unit. 

Alligator snapping turtles range-wide are believed to be exposed to the threat of incidental 
hooking on recreational trot and limb lines, with estimates of the percentage of turtles 
exposed to the threat ranging from 45% to 80%, with the exception of the North Mississippi 
– East Analysis Unit, where incidental hooking is not a significant threat. We received very 
little information about the extent of the threat of commercial fishing bycatch, suggesting 
either that this is not believed to be a significant threat, or that there is too much uncertainty 
in the extent of the threat for the experts to provide useful estimates. Legal harvest is limited 
to Louisiana and Mississippi, so this threat, despite its large potential impact on demography, 
is spatially limited to the analysis units in which those two states occur. There is wide 
variation in the estimated prevalence of illegal harvest across the species’ range, with the 
highest estimates in the analysis units where legal harvest is also present. Estimates of the 
extent of nest predation vary.  Estimates are lowest in the Southern Mississippi – West and 
Northern Mississippi – West Units (both 30%), with the highest extents in the remaining five 
analysis units (61-94%). 

Because of the variation in analysis unit size and limitations in calculating true densities of 
alligator snapping turtles within units, we refrain from leaning heavily on comparisons of 
abundance or density between analysis units to summarize resilience other than to highlight 
general patterns. Resilience increases with abundance and density; where there are more 
individuals, populations will have a greater ability to withstand stochastic demographic and 
environmental events. Thus, resilience is highest in the core of the species’ range, and lowest 
in the northern-most analysis units at the edge of the range. While we caution against 
leaning too heavily on comparisons of current abundance or density between populations 
because of high uncertainty contained in the information that generated the estimates, this is 
the best information currently available and these values will serve as useful baseline 
conditions against which to compare future resilience in the next chapter of this SSA. 
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Table ES2. Analysis units listed in descending order of estimated abundance (most likely 
estimate from expert elicitations) and densities expressed as estimated abundance per 2,471 
ac (1,000 ha) of open water in each unit. Threats are listed where over 50% of alligator 
snapping turtles are exposed to harvest or over 50% of nests are exposed to nest predation by 
subsidized or non-native predators. Where the range of the species is contracting, the states 
experiencing the losses are noted. 

Analysis Unit 
Estimated 
Abundance 

Abundance/ 
1,000 hectares 
Open Water Substantial Threats* 

Range 
Contraction 

Alabama 200,000 616.9 

1) Adult harvest (Legal & 
Illegal) 
2) Nest Predation 
3) Incidental Hooking/Hook 
Ingestion 

Western 50,500 139.3 1) Nest Predation 

South MS - East 50,000 55.3 
1) Adult harvest (Legal & 
Illegal) 
2) Nest Predation 

TN 

Apalachicola 45,000 281.3 1) Nest Predation 

South MS – 
West 15,000 30.2 1) Incidental Hooking/Hook 

Ingestion 
KS, possibly 
OK 

North MS – 
West 500 4.7 1) Incidental Hooking/Hook 

Ingestion KS 

North MS - East 212.5 1.0 1) Nest Predation IL, TN, KY, 
MO 

*“Substantial” threats here refer to those threats estimated to reduce survival rates of an age class by 8 percent 
or more (see Figure 16 in Section 4.5.2): legal and illegal harvest reduce adult survival and nest predation 
reduces nest survival. To be listed for any given analysis unit, the substantial threat must be estimated to be 
impacting > 50 percent of the alligator snapping turtles in the unit. 

No representative units have been lost compared to the historical distribution. The Northern 
Mississippi Representative Unit, which adds diversity in life history strategies within the 
species, currently has very low abundance within its two constituent analysis units relative to 
the other representative units, with an estimated 712.5 alligator snapping turtles total and a 
shrinking range. The representative units within the core of the species’ range are estimated 
to support at least 45,000 alligator snapping turtles. 

The species has experienced range contractions in the northern portions of the range 
(Oklahoma, Kansas, Missouri, Illinois, Kentucky, and Tennessee). Within the core of their 
range, however, alligator snapping turtles still seem to be widely distributed, though there are 
many gaps in the spatial extent of surveys. While the distribution of the species still 
encompasses much of its historical range, resilience within that range has decreased, largely 
from historical harvest pressures. The Northern Mississippi – East Analysis Unit has 
decreased in resilience and can only have limited contributions to redundancy, given current 
abundance (only 212.5 estimated abundance, influenced largely by introductions). While 
range contractions have occurred within various states, at present, the species occurs in all 
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historically known states, except for Kansas where it is unknown if any populations or even 
individuals still persists. 

Future Conditions 

To assess future conditions and viability of the alligator snapping turtle, we constructed a 
female-only, stage-structured matrix population model to project alligator snapping turtle 
population dynamics over 50 annual time steps. We used the best available data from the 
literature to parameterize the population matrix, and elicited data from species experts to 
quantify stage-specific initial abundance, the spatial extent of threats, and threat-specific 
percent reductions to survival. To reflect differences among analysis units, we adjusted 
initial abundance and the demographic parameters within the matrix model based on the 
proportion of the population within the unit exposed to each threat. To account for potential 
uncertainty in the effects of each threat, we created six different scenarios, in which the 
threat-induced reductions to survival were unaltered, increased by 25%, or decreased by 
25%, and the spatial extent of each threat left the same, increased by 25%, or reduced by 
25% to simulate conservation actions. We used a fully stochastic projection model that 
accounted for uncertainty in the demographic parameters to predict future conditions of the 
alligator snapping turtle in five of the eight analysis units under the six different scenarios. 
We then used the model output to predict the probability of extinction and quasi-extinction, 
defined here as the probability that the total alligator snapping turtle population declined to 
less than 5% of the abundance in year one of the simulation (e.g., starting abundance). 

Resilience for all analysis units is expected to decline drastically across all analysis units 
under all scenarios. We modeled scenarios that reflected uncertainty in the impact of threats 
on alligator snapping turtle demography, and all scenarios produced mean growth rates 
indicating population decline. With the exception of the Northern Mississippi – East Unit, all 
other analysis units were predicted to be quasi-extirpated within 50 years with a probability 
of over 98 percent. Though the risk of quasi-extirpation was lower in the Northern 
Mississippi – East Unit this analysis unit than the others, this was in part an artefact of the 
way that quasi-extirpation thresholds were defined, as a percentage of the initial abundance; 
even though quasi-extirpation risks were lower than other analysis units, the predicted 
abundances for this unit were still low, fewer than 51 female turtles, and still indicate that 
alligator snapping turtles will become very rare or disappear from this analysis unit. 

Time to quasi-extirpation varied across analysis units and scenarios, but in general, the first 
analysis unit likely to reach the quasi-extirpation threshold was the Alabama Unit (12-22 
years), followed by the Southern Mississippi – East Unit (after an average of 14-25 years 
depending on the scenario), the Apalachicola Unit (21-33 years), and finally the Northern 
Mississippi – East Unit where quasi-extirpation was not likely.  The Western, Southern 
Mississippi – West, and Northern Mississippi – West analysis units were not included in the 
futures simulation modeling because we did not have adequate input data to do so. However, 
we have no evidence that alligator snapping turtle demographic trends in response to threats 
in these analysis units would be dramatically different from the range of analysis units that 
were modeled; therefore, it is likely that alligator snapping turtles in these analysis units will 
decline along similar trajectories as the modeled analysis units. 

Future representation, referring to the ability of the species to adapt to changing 
environmental conditions over time, is similarly predicted to decline rapidly as alligator 
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snapping turtles in every representative unit decline in abundance to quasi-extirpation or true 
extirpation. The loss of alligator snapping turtles across all representative units would 
represent losses in genetic diversity (2 broad genetic lineages), life history diversity along a 
north-south gradient, and finer scale genetic differences among drainages within the larger 
genetic lineages. 

Future redundancy, or the ability to withstand catastrophic events, for alligator snapping 
turtles is expected to decline drastically over the next 50 years. Our future simulation model 
should be operated at the scale of the analysis unit, so we cannot provide precise predictions 
about which states or counties are most likely to lose or retain alligator snapping turtles in the 
future. At the analysis unit scale, however, all units were predicted to lose resilience at such 
a high rate that redundancy is not expected to remain across the landscape. Where alligator 
snapping turtles persist in the future, they are likely to be rare and not found in resilient 
groupings. Analysis units were predicted to reach quasi-extirpation thresholds in some cases 
within the next two decades, with more units becoming quasi-extirpated each subsequent 
decade within our 50-year modeling period. The addition of conservation actions, or 
different assumptions about the impact of threats on alligator snapping turtle demography, 
altered the time to quasi-extirpation by about a decade at most, typically less. No scenarios 
resulted in stable or increasing redundancy. 
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Figure 36. Simulated alligator snapping turtle total abundance (females only, adults and 
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Unit.  The curved lines depict the mean abundance trajectory across 500 
stochastic simulations and the shaded areas reflect the 95% confidence intervals 
(CI).  The panels indicate the scenario’s threat level: decreased, expert-elicited, or 
increased.  The scenarios with and without conservation actions for each threat 
level overlap and cannot be distinguished in this figure.  The analysis unit-specific 
quasi-extirpation threshold (5% of initial abundance) is shown by the horizontal 
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CHAPTER 1 – INTRODUCTION AND ANALYTICAL FRAMEWORK 

The alligator snapping turtle is a reptile that is confined to river systems that flow into the 
Gulf of Mexico, extending from the Suwannee River in Florida to the San Antonio River in 
Texas. On July 11, 2012, we, the U.S. Fish and Wildlife Service (USFWS), received a 
petition dated July 11, 2012, from The Center for Biological Diversity (CBD) requesting that 
53 species of reptiles and amphibians, including the alligator snapping turtle, be listed as 
endangered or threatened and that critical habitat be designated under the Endangered 
Species Act of 1973, as amended (16 U.S.C. 1531-1543) (Act). On July 1, 2015, the Service 
announced our 90-day finding that the petition presented substantial scientific or commercial 
information indicating that the petitioned action may be warranted (80 FR 37568). On 
September 1, 2015, CBD posted supplemental information to regulations.gov in which they 
requested the Service to consider whether any populations of alligator snapping turtles should 
be considered a distinct species. A review of the status of the species was initiated to 
determine if the petitioned action is warranted. Based on the status review, the Service will 
issue a 12-month finding for the alligator snapping turtle. Thus, we conducted a Species 
Status Assessment (SSA) to compile the best available data regarding the species’ biology 
and factors that influence the species’ viability. The SSA Report is a summary of the 
information assembled and reviewed by the Service and incorporates the best scientific and 
commercial data available. This SSA Report documents the results of the comprehensive 
status review for the alligator snapping turtle and serves as the biological underpinning of the 
Service’s forthcoming decision (12-month finding) on whether the species warrants 
protection under the Act. 

The SSA framework (USFWS 2016, entire) is intended to be an in-depth review of the 
species’ biology and threats, an evaluation of its biological status, and an assessment of the 
resources and conditions needed to maintain long-term viability. The intent is for the SSA 
Report to be easily updated as new information becomes available and to support all 
functions of the Ecological Services Program of the Service, from candidate assessment to 
listing to consultations to recovery. As such, the SSA Report will be a living document that 
may be used to inform Endangered Species Act decision making, such as listing, recovery, 
Section 7, Section 10, and reclassification decisions (the latter four decision types are only 
relevant should the species warrant listing under the Act). Therefore, we have developed this 
SSA Report to summarize the most relevant information regarding life history, biology, and 
considerations of current and future risk factors facing the alligator snapping turtle. In 
addition, we forecast the possible response of the species to various future risk factors and 
environmental conditions to formulate a complete risk profile for the alligator snapping 
turtle. 

The objective of this SSA is to thoroughly describe the viability of the alligator snapping 
turtle based on the best scientific and commercial information available. Through this 
description, we determined what the species needs to support viable populations, its current 
condition in terms of those needs, and its forecasted future condition under plausible future 
scenarios. In conducting this analysis, we took into consideration the likely changes that are 
happening in the environment – past, current, and future – to help us understand which 
factors drive the viability of the species. 
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Species Status Assessment Framework 

SPECIES' NEEDS 

l + Current Availability 
or Condition of - those Needs 

CURRENT SPECIES' 
CONDITION 

l + Future Availability 
or Condition of 
those Needs 

FUTURE SPECIES' 
CONDITION 

Assessing the species level of viability is achieved by 
completing the above assessment framework. 
Credit: USFWS 

For the purpose of this assessment, we define viability as a description of the ability of a 
species to sustain populations in the wild beyond a biologically meaningful time frame.  
Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations over time (USFWS 2016, p. 9).  Using the SSA framework 
(Figure 1), we consider what the species needs to maintain viability by characterizing the 
status of the species in terms of its resiliency, representation, and redundancy (U.S. Fish 
and Wildlife Service (USFWS) 2016, entire). 

● Resiliency describes the ability of a population to withstand 
stochastic disturbance.  Stochastic events are those arising from 
random factors such as weather, flooding, or fire.  Resiliency is 
positively related to population size and growth rate and may be 
influenced by connectivity among populations.  Generally, 
populations need enough individuals within habitat patches of 
adequate area and quality to maintain survival and reproduction in 
spite of disturbance. 

● Representation describes the ability of the species to adapt to 
changing environmental conditions over time.  Representation can 
be measured through the genetic diversity within and among 
populations and the ecological diversity (also called environmental 
variation or diversity) of populations across the species’ range.  
Theoretically, the more representation the species has, the higher its 
potential of adapting to changes (natural or human caused) in its 
environment. 

● Redundancy describes the ability of a species to withstand 
catastrophic events. A catastrophic event is defined here as a rare, 
destructive event or episode involving multiple populations and 
occurring suddenly.  Redundancy is about spreading risk among populations, and 
thus, is assessed by characterizing the number of resilient populations across a 
species’ range.  The more resilient populations the species has, distributed over a 
larger area, the better the chances that the species can withstand catastrophic events. 

Figure 1. Species Status 
Assessment Framework 
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This SSA Report includes the following chapters: 

1. Introduction; 
2. Species Biology and Individual Needs. The life history of the species and resource 

needs of individuals; 
3. Factors Influencing Viability. A description of likely causal mechanisms, and their 

relative degree of impact, on the status of the species; 
4. Population and Species Needs and Current Condition. A description of what the 

species needs across its range for viability, and estimates of the species’ current range 
and condition; and, 

5. Future Conditions and Viability. Descriptions of plausible future scenarios, and 
predictions of their influence, on alligator snapping turtle resiliency, representation, 
and redundancy. 

This SSA Report provides a thorough assessment of the biology and natural history and 
assesses demographic risks, stressors, and limiting factors in the context of determining the 
viability and risks of extinction for the alligator snapping turtle. Importantly, this SSA 
Report does not result in, nor predetermine, any decisions by the Service under the Act. In 
the case of the alligator snapping turtle, the SSA Report does not determine whether the 
alligator snapping turtle warrants protections of the Act, or whether it should be proposed for 
listing as a threatened or endangered species under the Act. That decision will be made by 
the Service after reviewing this document, along with the supporting analysis, any other 
relevant scientific information, and all applicable laws, regulations, and policies. The results 
of the decision will be announced in the Federal Register. The contents of this SSA Report 
provide an objective, scientific review of the available information related to the biological 
status of the alligator snapping turtle. 

CHAPTER 2 – SPECIES BIOLOGY AND INDIVIDUAL NEEDS 

In this chapter, we provide biological information about the alligator snapping turtle, 
including its taxonomic history, morphological description, historical and current 
distribution, and known life history. We then outline the resource needs of individuals. 

2.1 Taxonomy 

The alligator snapping turtle (Macrochelys temminckii) is a member of the Family 
Chelydridae, Order Testudinata, Class Reptilia. This family includes two genera 
Macrochelys and Chelydra. Chelydra is represented by three species occurring within the 
Americas:  1) common snapping turtle found in North America (Chelydra serpentina), 2) 
South American snapping turtle (Chelydra acutirostris), and 3) Central American snapping 
turtle (Chelydra rossignonii). The nomenclatural history of the alligator snapping turtle is 
complex and continues to evolve. The species was first described in 1789 as Testudo planitia 
but it was placed in the genus Macrochelys by Gray in 1856. Although subsequent authors 
referred to the genus as Macrochelys, this placement was refuted and it was believed the 
alligator snapping turtle should be included in the genus Macroclemys (Smith 1955, p. 16). 
In 1995, Webb demonstrated that the genus Macrochelys has precedence over Macroclemys, 
and the Society for the Study of Amphibians and Reptiles adopted this revision in 2000 
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(Crother et al. 2000, p. 79). Accordingly, for the purpose of this report, we will use 
Macrochelys as the genus name. 

Historically, the alligator snapping turtle was considered a single, wide-ranging species 
(Macrochelys temminckii) until a recent analysis of variation in morphology and genetic 
structure described two new species of alligator snapping turtles: the Apalachicola alligator 
snapping turtle (Macrochelys apalachicolae) and the Suwannee alligator snapping turtle 
(Macrochelys suwanniensis) (Thomas et al. 2014, entire). 

Three genetically distinct lineages of Macrochelys were identified morphologically, with 
Macrochelys suwanniensis being the most distinct (Thomas et al. 2014, p. 161). The 
carapace of Macrochelys suwanniensis can be differentiated by the presence of a large, lunate 
caudal notch, whereas Macrochelys temminckii and Macrochelys apalachicolae have narrow, 
triangular or U-shaped caudal notches that are more difficult to differentiate from each other. 
The skulls of Macrochelys temminckii and Macrochelys apalachicolae have large, globular 
squamosal projections, whereas the skulls of Macrochelys suwanniensis has an acute, sharp 
squamosal projection. In addition to these morphological differences, a reanalysis of genetic 
sequence data (data originally analyzed in Roman et al. 1999, entire) generated a similar 
evolutionary gene tree as the original analysis with three major clades of Macrochelys 
temminckii identified: 1) a western clade including populations from the Trinity River to 
Pensacola Bay (retained as Macrochelys temminckii), 2) a central clade from the 
Choctawhatchee River to the Ochlockonee River (corresponding to Macrochelys 
apalachicolae), and 3) an eastern clade restricted to the Suwannee River (corresponding to 
Macrochelys suwanniensis) (Thomas et al. 2014, p. 147-148). 

A subsequent publication, however, argued that the morphological and genetic data presented 
by the former study did not support distinguishing Macrochelys apalachicolae from 
Macrochelys temminckii (Folt and Guyer 2015, entire). The authors tested for morphological 
differences among the three hypothesized populations by comparing the mean values and 
standard deviation of four variables (i.e., caudal notch depth, caudal notch width, caudal 
notch area and squamosal angle) analyzed in Thomas et al. (2014, entire). Results indicated 
the Suwannee population as distinct from the other two populations for mean values of all 
four variables. The statistical distribution of variables was also mostly non-overlapping and 
distinct when compared to the other populations; therefore, the data supported separation of 
the Suwannee population as a distinct species (Folt and Guyer 2015, p. 449-450). 
Comparison of the mean values between the western and central populations showed less 
differentiation. Significant differences were only shown for two of the four variables, and 
the statistical distribution of variables showed considerable overlap; therefore, the authors 
argued that the data did not support the separation of the central population (Macrochelys 
apalachicolae) from the western population (Macrochelys temminckii) (Folt and Guyer 2015, 
p. 449-450). 

In addition, there are seven rivers between the Suwannee population and the central 
population that lack vouchered specimens (Ewert et al. 2006, p. 60-61). This distributional 
gap likely resulted in the genetic and morphological distinction of Macrochelys suwanniensis 
(Folt and Guyer 2015, p. 449). While genetic data suggest limited gene flow between the 
western and central populations, it does not necessarily eliminate the possibility of rare 
dispersal events. Barnacles have been observed growing on shells of Macrochelys in coastal 
areas, which implies a certain level of salt tolerance to make dispersal possible (Ernst and 
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Lovich 2009, p. 141). Microsatellite data have also suggested recent gene flow from 
Pensacola to Apalachicola (Echelle et al. 2010, p. 1380). This dispersal and gene flow would 
serve to maintain species connectivity between the central and western populations, while the 
geographic isolation of Macrochelys suwanniensis would limit dispersal and promote 
divergence (Folt and Guyer 2015, p. 449). 

In addition to the above information, the Society for the Study of Amphibians and Reptiles 
recognizes two species of Macrochelys: 1) Macrochelys temminckii and 2) Macrochelys 
suwanniensis. The Turtle Taxonomy Working Group also concurred with the recognition of 
two species since Folt and Guyer (2015) reconsidered published data, critiqued the methods 
of Thomas et al. (2014), and provided evidence to support the distinction of Macrochelys 
suwanniensis (Rhodin et al. 2017, p. 26). They also agree that, to date, there is not enough 
evidence to distinguish Macrochelys apalachicolae from Macrochelys temminckii. 

2.2 Species Description 

The alligator snapping turtle (Figure 2) is the largest species of freshwater turtle in North 
America and is highly aquatic and somewhat secretive. They are primitive in appearance and 
are characterized by a large head, long tail, and an upper jaw with a strongly hooked beak. 
They have muscular legs and webbed toes with long, pointed claws. They have three keels 
with posterior elevations on the scutes of the carapace, which is dark brown and often has 
algal growth that adds to the alligator snapping turtle’s camouflage. Their hinge-less plastron 
is significantly smaller than their carapace and is narrow and cross-shaped with a long, 
narrow bridge. The plastron is greyish-brown in color in adults; in juveniles it may be 
somewhat mottled with small whitish blotches. Their eyes are positioned on the side of the 
head and are surrounded by small, fleshy, pointed projections. Numerous epidermal 
projections are also present on the side of the head, chin and neck (Ernst and Lovich 2009, p. 
138-139).  Hatchlings look very similar to adults (Ernst and Lovich 2009, p. 146). 

Figure 2. Alligator snapping turtle.  Photo credit Eva Kwiatek. 
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2.3 Range and Distribution 

Due to the aquatic nature of the species, the alligator snapping turtle is confined to river 
systems that flow into the Gulf of Mexico, extending from the Suwannee River in Florida to 
the San Antonio River in Texas (Figure 3).  In the Mississippi Alluvial Valley, it is widely 
distributed from the Gulf to as far north as Indiana, Illinois, southeastern Kansas and eastern 
Oklahoma.  In the Gulf Coastal Plain, its range extends from eastern Texas to southern 
Georgia and northern Florida.  Historically, the alligator snapping turtle occurred over 
eastern Oklahoma, but today it is believed to be restricted to the east central and southeastern 
portion of the state (Ernst and Lovich 2009, p. 139).  In addition, in a letter dated August 25, 
2018, the State of Iowa Department of Natural Resources (DNR) informed the Service that 
the alligator snapping turtle record that was once considered evidence that this species 
existed in Iowa is no longer considered credible; and, a committee of regional herpetological 
experts recommended removing the species from the list of Iowa Species of Greatest 
Conservation Need.  The species was removed from Iowa DNR’s Wildlife Action Plan in 
2015 (Iowa Department of Natural Resources 2015). 

Figure 3.  Range of the alligator snapping turtle.  Different shades represent three main 
genetic lineages. 

Current research indicates range-wide genetic divergence between populations of the species 
among river drainages.  Three genetically distinct populations have been identified: the 
greater Mississippi River watershed (western), the Gulf coastal rivers east of the greater 
Mississippi River watershed (central), and the Suwannee River drainage (eastern) system 
(Roman et al. 1999, p. 138-139).  Extirpation of any local population in one of the three 
drainage basins may lead to loss of genetic variability and vigor, increased vulnerability of 
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remaining populations to disease and predation, difficulties in obtaining appropriate founder 
stock for possible use in future recovery efforts (if needed) and loss of the species’ unique 
function and role in the ecosystem. 

Alligator snapping turtles were historically found in 14 states: Alabama, Arkansas, Florida, 
Georgia, Illinois, Indiana, Kansas, Kentucky, Louisiana, Missouri, Mississippi, Oklahoma, 
Tennessee, and Texas. Currently, the species is known to occur in Alabama, Arkansas, 
Florida, Georgia, Illinois, Kentucky, Louisiana, Missouri, Mississippi, Oklahoma, Tennessee, 
and Texas. This list includes all historically occupied states except for Indiana and Kansas, 
where persistence is unknown. In Indiana, alligator snapping turtle eDNA has been collected 
in the water, but presence has not been confirmed with trapping. In Kansas, the species has 
not been detected since a 1991 record in Montgomery County (See Section 4.5.3 for methods 
of collecting this information). 

2.4 Habitat 

Alligator snapping turtles are generally found in deeper water of large rivers and their major 
tributaries; however, they are also found in a wide variety of habitats, including small 
streams, bayous, canals, swamps, lakes, reservoirs, ponds, and oxbows (a lake that forms 
when a meander of a river is cut off). Alligator snapping turtles more often select structure 
(e.g., tree root masses, stumps, submerged trees, etc.) than open water and may select sites 
with a high percentage of canopy cover (Howey and Dinkelacker 2009, p. 589; Harrel et al. 
2006, p.66; Carr et al. 2007, p.37; Carr et al. 2010, p.43). The amount of suitable alligator 
snapping turtle within its range and a description of how those numbers were derived is 
presented in Appendix A. 

In Florida, optimum habitat has been identified as swamp forests comprised of bald cypress 
and tupelos associated with flooded channels (Ewert et al. 2006, Ewert and Jackson 1994). 
In northeastern Louisiana, a variety of microhabitats associated with Black Bayou Lake and 
Bayou DeSiard were available (i.e., open water; bald cypress bordered channel; buttonbush 
with bald cypress and aquatics; flotant (floating marsh) with bald cypress or buttonbush; 
aquatics and emergents; bald cypress and aquatics) (Sloan and Taylor 1987, p. 346). Two 
individuals within Bayou DeSiard spent an average of 74.6% of the monitoring period in 
cypress-bordered channels that was in close proportion to that habitat’s availability. Three 
turtles that utilized both Black Bayou Lake and Bayou DeSiard spent an average of 56.4% of 
the monitoring period in bald cypress-bordered channels. Eighteen percent of the total 
habitat available in the lake and bayou combined was bald cypress bordered channels; habitat 
use was three times greater than its availability. Six turtles in Black Bayou Lake spent most 
of their time in flotant with cypress or buttonbush habitat; habitat use was three times greater 
than its availability. In Arkansas and Missouri, juveniles were found in small streams with 
mud and gravel bottoms approximately 8 to 18 inches deep (20 to 46 cm) (Ernst and Lovich 
2009, p. 141). In Arkansas, male and female alligator snapping turtles selected similar 
habitats throughout the year. Those habitats included sites with structure (either submerged 
or stream bank) and sites that had a high percentage of canopy cover. All alligator snapping 
turtles used sites with deep water or undercut stream banks during the summer months 
(Howey and Dinkelacker 2009, p. 593-594). In Kentucky, they occupied microhabitats in a 
lake near-shore in shallow water with a gravel or rocky substrate and underwater cover of 
some type (Koons and Scott 1993, p.134). In eastern Oklahoma, they were associated with 
overhead canopy and submerged cover (Riedle et al. 2006, p. 38). Hatchling alligator 
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snapping turtles also prefer habitats with shallow water, woody debris, emergent vegetation 
(primarily buttonbush, bald cypress and water tupelo), vegetation mats and increased canopy 
cover (Spangler 2017, p. 46; Carr et al. 2007, p. 1).  In general, the species uses shallower 
water in early summer and deeper depths in late summer and mid-winter, which may be a 
thermoregulatory shift (Fitzgerald and Nelson 2011). The presence of barnacles on some 
specimens may also indicate an ability to spend prolonged periods in brackish water (Jackson 
and Ross 1971, p.188-189). 

2.5 Diet and Feeding 

Alligator snapping turtles are opportunistic scavengers and consume a variety of foods.  Fish 
comprise a significant portion of the alligator snapping turtle diet; however, crayfish, 
mollusks, smaller turtles, insects, nutria, snakes, birds, and vegetation (including acorns) 
have also been reported (Elsey 2006, p. 448-489). The alligator snapping turtle is the only 
turtle species that has a predatory lure (a small, worm-like appendage on the tongue; Figure 
4). Both adults and juveniles use this lure to attract fish into striking range. The lure is white 
or pale pink in juveniles and mottled or gray in adults (Ernst and Lovich 2009, p. 147). 

Figure 4. Alligator snapping turtle predatory lure.  Photo credit: Ryan Bolton. 

Experiments conducted on captive alligator snapping turtle hatchlings indicate that there are 
four phases to their feeding behavior (Ernst and Lovich 2009, p.148). In the first phase 
(waiting), the turtle remains motionless with its legs spread outward and its head held 
horizontal or tilted upward. In the second phase (luring), the jaws are opened at an 
approximate 70-degree angle, which can sometimes take one or two minutes. The wriggling 
lure can be seen in this phase. The mean distance between a turtle head and the fish is 

SSA Report – Alligator Snapping Turtle 8 March 2021 



 

     

    
 

   
  

  
  

 
  

 
 

 

  
  

   
 

   
  
  

   

    
  

 
  

  
 

  

  
  

    

 

  
 

 

  
  

  
 

   

   
  

approximately 2.5 inches, and luring is often initiated after vigorous fish movement. The 
mean duration of luring attempts that did not end in an attack was 336 seconds. The third 
phase (attack) consists of the turtle rapidly closing its jaws without moving the head toward 
the fish. Seventy-five percent of all fish passing through the turtle’s jaws and those biting the 
lure were captured. In the fourth phase (handling), after a fish is captured, it is held in the 
jaws for 1-83 seconds before it is swallowed. Swallowing is facilitated by several snaps of 
the jaws and large prey items are swallowed by extending the head forward. Occasionally, a 
turtle will utilize its claws to mutilate the posterior portion of the prey item while holding the 
anterior end in its jaws. Prey handling time decreases with experience. 

2.6 Predation 

Nest predation is a major source of mortality in many turtle populations and, historically, 
high levels of nest predation were likely common. Historically, those losses were offset by 
high survival rates of long-lived adults. These levels of nest predation, however, may be 
detrimental to turtle populations that are already in decline. In some species, certain aspects 
of turtle reproduction may also mitigate depredation risk, such as producing multiple 
clutches. Because of the alligator snapping turtle’s low reproductive output, present levels of 
nest predation may be detrimental to that species. Currently, effects of high nest mortality 
may be exacerbated by increases in stressors such as habitat fragmentation and degradation, 
collection, harvesting, and climate change (Holcomb and Carr 2013, p. 478). In addition, 
populations of some nest predators have increased due to habitat fragmentation, the provision 
of supplemental food, and the decline of large carnivores (e.g., mesopredators). In turn, nest 
predation may be elevated above historical levels (Holcomb and Carr 2013, p. 478-479). 

In a two-year study conducted at Black Bayou Lake in Louisiana, all 90 artificial nests 
constructed were depredated (Holcomb and Carr 2013, p. 482). These results are consistent 
with depredation rates on natural nests at the same location (Holcomb and Carr 2013, p. 485). 
Studies on common snapping turtle nest depredation resulted in similar findings. In 
Michigan, annual depredation rates averaged 70% with depredation levels reaching 100% in 
two years of the seven-year study (Congdon et al. 1987, p. 51). In a New York study, a 
common snapping turtle population experienced a 94.4% depredation rate over one year 
(Petokas and Alexander 1980, p. 242). At Black Bayou Lake, 86% of all artificial nests 
constructed were depredated within the first 24 hours and less than 6% survived beyond 48 
hours (Holcomb and Carr 2013, p. 485). In the Michigan study, of the nests destroyed by 
predators, 59% occurred within the first 24 hours and 70% within six days (Congdon et al. 
1987, p. 46). In Florida, however, observations suggested that nest predation seldom 
occurred until several days after egg laying (Ewert and Jackson 1994, p. 17). 

Alligator snapping turtle nests are known to be depredated by raccoons (Procyon lotor) 
(Ewert et al 2006, p. 67). Nine-banded armadillos (Dasypus novemcinctus), Virginia 
opossums (Didelphis virginiana), and river otters (Lontra canadensis) have also been 
observed depredating artificial alligator snapping turtle nests (Holcomb and Carr 2013, 
p.482). Predators of hatchlings are likely to include large fish, wading birds, otters, and 
alligators (Ernst and Lovich 2009, p. 149). Red imported fire ants (Solenopsis invicta) are 
also known to cause significant decline in hatching success. Alligator snapping turtle 
hatchlings are most susceptible to fire ant-caused mortality during pipping (the process by 
which a hatchling breaks free from the egg shell) and when they are still in the nest prior to 
emergence. Should hatchlings make it out of the shell, they are still extremely susceptible to 
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fire ants as they dig their way out of the nest and travel to water (Holcomb 2010, p. 12-13). 
There are no natural predators of large alligator snapping turtles. 

2.7 Movement and Behavior 

Alligator snapping turtles are among the most aquatic of freshwater turtles, and overland 
movements are generally restricted to nesting females and juveniles moving from the nest to 
water (Reed et al. 2002, p. 5).  Most aquatic movement in adults occurs at night, whereas 
juveniles are mostly active during the day. In the Suwannee River, some adults continued 
moving between the floodplain and river channel after water levels fell and they had to travel 
over land at night (Enge et al. 2014, p. 24). Basking in this species rarely occurs and most 
reports consist of a single observation (Carr et al. 2011, p. 3; Ewert 1976, p. 154). In 2009, 
two instances of aerial basking and one of aquatic basking were observed on Black Bayou 
Lake National Wildlife Refuge (Carr et al. 2011, p. 3). Alligator snapping turtles cannot 
remain submerged for long periods of time compared to other aquatic turtles. At water 
temperatures of 21-24ºC (69.8-75.2ºF), submergence times range from 40 to 50 minutes 
(Ernst and Lovich 2009, p. 141). 

Radiotelemetry has been used to study movements of alligator snapping turtles. In Kansas, a 
radio-tagged female moved 4.3 miles (6.9 km) upstream between April 11, 1986 and May 31, 
1991. During the first two weeks, she traveled approximately 0.3 miles (0.46 km) and her 
fastest rate of travel was 27.6 feet/minute (8.4 meters/minute) for 12 minutes (Shipman et al. 
1991, p. 8-9). 

In Louisiana’s Black Bayou Lake and Bayou DeSiard, the average daily distance traveled 
ranged from approximately 91 to 377 feet/day (27.8-115.5 m/day; Sloan and Taylor 1987, p. 
345), and there was no significant difference between mean daily distances moved between 
resident and introduced turtles (Sloan and Taylor 1987, p. 348). The minimum home range 
varied from approximately 44 to 610 acres (18-247 ha; Sloan and Taylor 1987, p. 345), and 
there was no significant difference between resident and introduced turtles (Sloan and Taylor 
1987, p. 348). 

In 2010, Carr et al. reported no significant difference in total movements between males and 
females at Black Bayou Lake, Louisiana. Both males and females were less active during the 
winter (November and March) and summer (July to August) and most active during 
reproduction in the spring.  During April the average daily distance traveled for males was 
135 feet/day (41 meters/day), while female movement peaked in May (208 feet/day; 63.4 
meters/day). 

In Louisiana, home range sizes (determined via the minimum convex polygon method) in 
Black Bayou Lake were reported as approximately 70 acres (28.2 ha) for males and 
approximately 110 acres (44.8 ha) for females (Carr et al. 2010, p.18). In an earlier study 
(conducted in the same lake), home range sizes of both males and females were significantly 
larger and female home range sizes were smaller than males; males averaged approximately 
357 acres (144.5 ha) and females averaged approximately 215 acres (87 ha; Sloan and Taylor 
1987, p. 345). Because a large portion of the lake is within a national wildlife refuge and has 
received approximately 10 to 20 translocated turtles, this reduction in home range size over 
time may be due to an increase in density of alligator snapping turtles (Carr et al. 2010, p. 
41). 
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In Arkansas, alligator snapping turtles were reported traveling an average distance of 
approximately 627 feet (191 m) and a maximum distance of 1.1 miles (1.8 km). One female 
moved 0.3 miles (495 m) downstream from a nest site in 20 days and then was found 
relocated 1.1 miles (1.8 km) upstream 28 days later (Trauth et al. 1998, p. 68). In Florida, 
the mean linear movement was greater for males (2.5 miles + 0.5 miles; 4 km + .8 km) than 
females (2.1 miles + 0.2 miles; 3.4 km + .3 km) and juveniles (1.7 miles + 1.2 miles; 2.7 km 
+ 1.9 km) (Enge et al. 2014, p. 22-23). 

Between March 1992 and June 1993, movement and habitat use were studied via 
radiotelemetry on 12 juvenile alligator snapping turtles in Bayou DeSiard, Louisiana.  There 
were significant differences between male and female travel distances between marked 
locations (males approximately 0.2 miles [.32 km] and females approximately 0.1 miles [.16 
km]) and mean home range length (males approximately 2.17 miles [3.49 km] and females 
approximately 0.88 miles [1.42 km]) (Harrel et al. 1996, p.60). 

In 2006, nineteen hatchlings were tracked at Black Bayou Lake National Wildlife Refuge in 
Louisiana. Ten hatchlings were tracked during the spring and summer, and nine were 
tracked during the fall. Daily movement distances were greater in the spring than in the fall. 
During the spring and summer (April-August), hatchlings traveled an average distance of 
approximately 3.3 ft/day (1.01 m/day), and in the fall (September-December), approximately 
3.1 ft/day (0.97 m/day). Daily movement distances were higher in April, June, and October. 
Average daily movement for the study year was approximately 3.2 ft/day (0.97 m/day; Carr 
et al. 2007, p.36). 

2.8 Life Cycle and Reproduction 

Sexual maturity is achieved in 11-21 years for males and 13-21 years for females (Figure 5) 
(Tucker and Sloan 1997, p. 589). Mating takes place and has been observed in captive 
alligator snapping turtles from February to October, but geographic variation among wild 
populations is not well understood (Reed et al. 2002, p. 4). Females ovulate in spring and 
apparently breed yearly, though poor foraging success may cause females to skip a breeding 
year. No more than one clutch per year per female has been observed in the wild, and they 
exhibit lower reproductive output than the smaller common snapping turtle (Chelydra 
serpentina; Reed et al. 2002, p. 4). Clutch sizes have been reported from across the species’ 
range (9-61 eggs, with a mean of 27.8) (Ernst and Lovich 2009, p. 145); Georgia has reported 
as few as 9 eggs (Ernst and Lovich 2009, p. 145; Reed et al. 2002, p. 4); Florida reported 17-
52 (mean 35.1; Ernst and Lovich 2009, p. 145); and Louisiana reported a mean of 23.8 eggs 
(Dobie 1971). Reproductive output also varies substantially among females but generally is 
positively correlated with body size (Reed et al., p. 4). Larger (older) females probably 
produce more eggs than recently matured females (Ernst and Lovich 2009, p. 145). 

SSA Report – Alligator Snapping Turtle 11 March 2021 



 

  

 
     

 
 

 
  

 
 

 
 

  
 

 

  

 
 

 

when reaches sexual ma11111iy 

JJ-2Jyearsofage 

Alligator Snapping 

Turtle 
(Macroche/ys temminckii} 

Juvenile Hatch lings 
J st Year of Life 

Figure 5. Alligator snapping turtle life cycle. Photo credits: Eva Kwiatek (top left), U.S. 
Fish and Wildlife Service (top right), Indiana DNR (bottom left), Kory Roberts (bottom 
right). 

A detailed chronology of egg laying has been provided based on observations from near Lake 
Iamonia, Florida (Ewert 1976, p. 153).  For this laying event, it took approximately 40 
minutes for a female to lay her 36-egg clutch.  When nest covering and estimated nest 
excavation times were factored in, the entire process took approximately 4 hours.  Similarly, 
a female near Muckalee Creek in Georgia completed the entire nesting process in 
approximately 3.5 hours (Powders 1978, p. 155).  Alligator snapping turtle eggs are 
spherical, chalky white (nearly opaque), pliable, with diameters ranging from 0.9 to 2 inches 
(22.9 to 51.8 mm) and weighing 16.9 to 36.1 grams (0.6 to 1.3 ounces; Ernst and Lovich 
2009, p. 145). 

Nesting females usually represent the only adult life stage to venture onto land (Ernst and 
Lovich 2009, p. 141).  It is speculated that females leave the water during the late night or 
early dawn hours and complete nesting during the day (Ernst and Lovich 2009, p. 145).  
Alligator snapping turtles do not appear to be particularly selective regarding nest site 
conditions, though one researcher in Florida did observe a conspicuous absence of nests in 
low forested areas with leaf litter and root mats and on open sand bars (Ewert 1976, p. 151).  
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In a study at Black Bayou Lake in Louisiana, 41 alligator snapping turtle nest sites were 
located in areas with 46.7% canopy cover (Carr et al. 2007, p. 23). 

Nests have been observed approximately 8-656 feet (2.5 to 200 m) landward from the nearest 
water (Ewert 1976, p. 150; Ewert et al. 2006, p.64; Jackson and Jensen 2003, p.363; Powders 
1978, Trauth et al. 2004). Of 17 nests observed by Ewert (1976, p. 151), 16 averaged 
approximately 40 feet (12 m) from the nearest waterbody (with a range of 8-72 feet [2.4-22 
m]), and one nest was observed at a distance of approximately 235 feet (72 m). In Louisiana, 
the documented distance to nearest water ranged from 4 to 285 feet (1.2-87 m) (Steen et al 
2012, p. 124). 

Internal temperature of nests in Florida indicated initial temperatures of 66°-80° Fahrenheit 
(F) (19°-26.5° Celsius [C]) increasing to 79°-98° F (26.1°-36.5° C) as the season progressed, 
with an incubation time of 105-110 days (Ernst and Lovich 2009, p. 145). This species also 
exhibits TSD-2 (temperature-dependent sex-determination, Type 2), where more males are 
produced at intermediate incubation temperatures and more females are produced at the two 
extremes (Ernst and Lovich 2009, p. 16, 146). Most nesting occurs from May to July (Reed 
et al. 2002, p. 4), with areas in the southern part of the range (e.g., Georgia, Florida and 
Louisiana) beginning in April and extending through May and areas in the north/western 
portion of the range probably occurring from late May through June to early July (Ernst and 
Lovich 2009, p. 145; Carr et al. 2010, p. 87). 

After egg laying, hatchlings in Louisiana emerged from nests 96.5-143 days later (Holcomb 
and Carr 2011a, p. 225). In the same study, the estimated incubation period was 98-121 
days, and the estimated time in the nest was 0.5-22 days (estimated incubation period and 
time in the nest was not reported for the 96.5 emergence day nest). Days to emergence were 
also shown to decrease as the temperature increased. 

2.9 Age, Growth, Population Size Structure 

In the absence of studies on verified unharvested populations, natural demographics and 
population structure are unknown for Macrochelys (Folt et al. 2016, p. 29). Apparent 
survival of adult males and females have been estimated at 0.98 for males and 0.95 for 
females in Georgia (Folt et al. 2016, p. 28) and 0.96 for males and 0.88 for females in 
Arkansas (Howey and Dinkelacker 2013, p. 6). 

Hatchling turtles experience high mortality rates (Iverson 1991, entire). At Black Bayou 
Lake in Louisiana, estimated survival rates over a 49-day period were 61.0-81.6% (non-
conservative versus conservative estimates) (Carr et al. 2007, p. 39). Potential predators of 
hatchlings in this study area include but are not limited to bowfin (Amia calva), three-toed 
amphiuma (Amphiuma tridactylum), and predatory water birds, such as the Great Blue Heron 
(Ardea herodias), Great Egret (Ardea alba), and Little Blue Heron (Florida caerulea). These 
species are often observed foraging in shallow water areas along the periphery of the lake 
(Carr et al 2007, p. 39). 

Rate of survivorship of juveniles is estimated at only about 5%, with most mortality 
occurring in the first two years of life (Reed et al. 2002, p. 13). In a non-declining population 
of Macrochelys, however, juvenile apparent survival has been reported as 0.86 (Folt et al 
2016, p. 27). Once mature, a turtle may live “a very long time if not taken by trappers” 
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(Ernst and Lovich 2009, p. 150). Mean generation time for the species has been reported at 
31.2 years (range = 28.6-34.0 years, 95% CI) based on a demographic study in Georgia (Folt 
et al. 2016, p. 27). A male alligator snapping turtle caught as an adult lived for over 70 years 
at the Philadelphia Zoo and was estimated to be 80 years old at its death (Ernst and Lovich 
2009, p. 147). 

Growth data are also scarce for wild alligator snapping turtles. Annual caudal length growth 
rate has been reported as 5.3% in males and 5.2% in females. Weight gain in these turtles 
averaged 4.1% among males and 10.6% among females (Harrel et al. 1997, p. 129). Growth 
is rapid until maturity (11-13 years of age), slowing after 15 years of age (Dobie 1971, p. 
654). Carapace scute rings can be used to determine annual growth intervals, but some 
discrepancy has been noted in the past (Powders 1978, Morris and Sweet 1985); the scute 
annuli are poorly correlated with internal bone annuli in the vertebrae and lower jaw (Dobie 
1971, p. 653). Growth rate is influenced by many factors including availability of food and 
prevailing water temperatures; the length of the animal's activity period seems to be one of 
the most significant. Data from Louisiana suggest that annual growth starts in March and 
continues at least through July, though it is hypothesized that growth continues into late 
October (Dobie 1971, p. 653-654). 

The sexual dimorphism of alligator snapping turtles can be measured using the relative 
length of the anterior-to-vent length of the tail. This measurement for males ranges from 4.5-
10.5 inches (114-267 mm) and in mature females from 1.9-4.5 inches (48-114 mm) (Dobie 
1971, p. 656). Turtles smaller than 28 pounds cannot be properly sexed externally, and it is 
often difficult to sex live animals between 28 and 55 pounds (Moler 1996, p. 6). Sexual 
dimorphism also exists in the maximum size and weight attained, with males exceeding 
females in both measures (Dobie 1971, p. 656). A sexual size dimorphism index estimate of 
-1.8 by mass (36 kg male/20 kg female) and -1.2 by length (53.8 cm CL male/44.6 cm CL 
female) has been calculated, favoring males (Ewert et al. 2006, p. 63). 

An adult 1.4:1 sex ratio favoring males has been reported in northwestern Arkansas (Trauth 
et al. 1998, p. 242), whereas a 1:1 ratio was documented in southeastern Louisiana (Boundy 
and Kennedy 2006, p. 6) and Georgia (Jensen and Birkhead 2003, p. 29). An even adult sex 
ratio is consistent with predictions for long-lived turtles (Folt et al 2016, p. 29). An adult sex 
ratio of 1:2 (male:female) has been reported in Alabama (Folt and Godwin 2013, p. 214) and 
in Florida (Ewert and Jackson 1994, p. iii). A higher male to female sex ratio has also been 
reported from the Suwannee River in Florida (3.5:1) (Enge et al. 2014, p. 32), but it varied 
among sections of the river. 

A ratio of juveniles to adults has been reported at 1:4 in Georgia (Jensen and Birkhead 2003, 
p. 29) and 1:3 in Alabama (Godwin 2004, p. 7). Another study in Georgia reported a greater 
proportion of adults than juveniles, which is a structure consistent with a general prediction 
for long-lived turtles like the alligator snapping turtle (Folt et al 2016, p. 29). 

Relative abundance of various turtle species has been assessed at 14 sites in Louisiana and 
Macrochelys made up between 4% (Lake Arthur) and 12.5% (Lake Iatt) of the sample (Cagle 
and Chaney 1950, p. 387). These data, though, were collected in 1947 and may have been 
underreported due to trap design making it difficult for large individuals to enter. In 
Alabama, abundance has been reported as up to 15% (Godwin 2004, p. 217). 
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One metric that can be used as an indirect measure of abundance is Catch-Per-Unit-Effort 
(CPUE). Surveys that provide CPUE results include those that implement methods where 
traps are set and checked regularly over a set number of consecutive days at sampling 
locations across an area of the species’ range. For the alligator snapping turtle, this is 
measured as the number of turtles caught (catch) per trap night (unit effort) and may be 
reported as Turtles per Trap-night (TTN). In Florida, CPUE has been reported as 0.22 (Enge 
et al. 2014, p. 30) and 0.25 (Moler 1996, p. 10). In Georgia, CPUE has been reported at 0.20 
(Jensen and Birkhead 2003, p. 30), 0.09 (King et al. 2016, p. 582), and 0.21 (Folt et al. 2016, 
p. 26). In Alabama, CPUE has been reported as 0.062 and 0.081 (Folt and Godwin 2013, p. 
213). In Arkansas, CPUEs of 0.13 and 0.10 were recorded (Howey and Dinkelacker 2013, p. 
60). A high CPUE of 0.35 was recorded in Oklahoma (Riedle et al. 2008b, p. 102). The 
lowest CPUE was recorded as 0.057 in Louisiana, a state where heavy harvest occurred in 
the past (Boundy and Kennedy 2006, p. 6). 

2.10 Summary of Species Biology and Individual Needs 

The alligator snapping turtle is the largest species of freshwater turtle in North America 
(Ernst and Lovich 2009, p. 138) and is among the most aquatic. Sexual maturity is achieved 
in 11-21 years for males and 13-21 years for females. No more than one clutch per year per 
female (average 27.8 eggs per clutch) has been observed in the wild, and they exhibit lower 
reproductive output than the smaller common snapping turtle (Chelydra serpentina). They 
do not appear to be particularly selective about nest sites, but nests have been observed 
across a range of distances - approximately 8 to 656 feet (2.5 to 200 m) landward from the 
nearest water. Temperature of the nest site is important because this species also exhibits 
temperature-dependent sex-determination, Type 2 – where more males are produced at 
intermediate incubation temperatures and more females are produced at the two extremes 
(Ernst and Lovich 2009, p. 144-146; 16).  Most nesting occurs from May to July (Reed et al. 
2002, p. 4), with areas in the southern part of the range (e.g., Georgia, Florida and Louisiana) 
beginning in April and extending through May and areas in the north/western portion of the 
range probably occurring from late May through June to early July (Ernst and Lovich 2009, 
p. 145, Carr et al. 2010, p. 87). Nest predation is a major source of mortality in many turtle 
populations. Growth is rapid until maturity (11-21 years of age), slowing after 15 years of 
age (Dobie 1971, p. 654). Male and female alligator snapping turtles display sexual 
dimorphism, with males being somewhat larger than females and they also have a longer tail 
base (anterior to vent). 

Alligator snapping turtles are associated with deeper water (usually large rivers, major 
tributaries, bayous, canals, swamps, lakes, ponds, and oxbows); with shallower water 
occupied in early summer and deeper depths in late summer and mid-winter, which represent 
a thermoregulatory shift (Ernst and Lovich 2009, p. 141). In comparison, hatchlings and 
juveniles tend to occupy shallower water. Alligator snapping turtles are also associated with 
structure (e.g., tree root masses, stumps, submerged trees, etc.); and may occupy areas with a 
high percentage of canopy cover undercut stream banks. Alligator snapping turtles are 
opportunistic scavengers and consume a variety of foods.  Fish comprise a significant portion 
of the alligator snapping turtle diet, but crayfish, mollusks, smaller turtles, insects, nutria, 
snakes, birds, and vegetation (including acorns) have also been reported (Ernst and Lovich 
2009, p. 147). Movements can be highly variable but are generally a few to hundreds of feet 
per day. 
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The individual needs of alligator snapping turtles are summarized in Table 1. 

Table 1. Alligator snapping turtle individual needs. 

Life Stage Need 

Breeding, 
Feeding 
Sheltering, 
or Survival 

Citation 

Eggs 

Temperatures 66° to 80° F (19° to 26.5° 
C) increasing to 79° to 98° F (26.1° to 
36.5° C) as the season progresses, with an 
incubation time of 105-110 days (Ernst 
and Lovich 2009, p. 145); also exhibits 
TSD-2 (temperature-dependent sex-
determination, Type 2 – more males are 
produced at intermediate incubation 
temperatures; more females are produced 
at the two extremes) 

Survival, 
Sheltering 

Ernst and Lovich 2009, p. 
16, 146 

Eggs 
Near shore areas (8 to 656 feet [2.5 to 200 
m]) landward from the nearest water) with 
appropriate temperatures (see above) 

Survival, 
Sheltering 

Ewert 1976, Ewert et al. 
2006, Jackson and Jensen 
2003, Powders 1978, 
Trauth et al. 2004 in Ernst 
and Lovich 2009, p. 145 

Hatchlings Shallow water and a high value for 
canopy cover 

Survival, 
Sheltering Spangler 2017, p. 46 

Juveniles 

Found in similar habitats as adults (see 
below). They may also be found in small 
streams with mud and gravel bottoms 
(e.g., 8-18 in [20-46 cm] deep) 

Survival, 
Sheltering; 
Feeding 

Ernst and Lovich 2009, p. 
141 

Juvenile/ 
Adult 

Primarily fish but also crayfish, mollusks, 
smaller turtles, insects, nutria, snakes, 
birds, and vegetation (including acorns) 

Feeding Ernst and Lovich 2009, p. 
147 

Juvenile/ 
Adult 

Deeper water (usually large rivers, major 
tributaries, bayous, canals, swamps, lakes, 
ponds, and oxbows); shallower water in 
early summer and deeper depths in late 
summer and mid-winter, which may be a 
thermoregulatory shift) 

Shelter Ernst and Lovich 2009, p. 
141 

Juvenile/ 
Adult 

Structure (e.g., tree root masses, stumps, 
submerged trees, etc.); may include a high 
percentage of canopy cover; or undercut 
stream banks 

Survival, 
Sheltering, 
Feeding 

Howey and Dinkelacker 
2009, p. 589 and p. 593-
594 

Adult Mates Breeding 

Adult 
Suitable soils for nesting - generally not 
found in low forested areas with leaf litter 
and root mats and on open sand bars 

Breeding Ewert 1976, p. 151 

SSA Report – Alligator Snapping Turtle 16 March 2021 



 

  

  
 

   
 

 

 
  

  
 

 
 

 
 

 
  

  

 
 

 

 

Nesting Habitat 
Availability Quality & Quantity 

Habitat Alteration (e.g., Dams, River 

Engineering, Dredging, Removal of Log Jams) 

HabitatStructure (e.g., 

Substrate, Refugia, Cover) 

Predation Harvest (legal 

and illegal) 
Bycatch Disease 

Climate Change 

Conservation (e.g. Harvest Restrictions, 

Influences 

Habitat Factors 

Population Factors 

Viability Metrics 

CHAPTER 3 – FACTORS INFLUENCING VIABILITY 

In this chapter, we provide information regarding negative and positive influences on 
viability of alligator snapping turtles, including legal and illegal intentional harvest, bycatch, 
habitat alteration, nest predation, climate change, disease, and conservation measures (Figure 
6). 

Figure 6. Simplified influence diagram illustrating how various impacts influence habitat 
and population factors that in turn influence the resilience of populations and viability of the 
species. 

3.1 Harvest 

3.1.1 Commercial Harvest 

Extensive commercial and recreational take in the last century resulted in significant declines 
to many alligator snapping turtle populations across the species’ range (Enge et al. 2014, p. 
4).  Commercial harvest of alligator snapping turtles reached its peak in the late 1960s and 
1970s.  During this time, Campbell’s Soup Company purchased alligator snapping turtle 
meat for turtle soup.  In addition, many New Orleans seafood restaurants also purchased 
large quantities of alligator snapping turtles from trappers in the southeastern states (Reed et 
al. 2002, p. 5).  In the 1970s, the demand for turtle meat was so high that as much as three to 
four tons of alligator snapping turtles were harvested from the Flint River (Georgia) a day 
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(Pritchard 1989, p. 76). The Florida Game and Fresh Water Fish Commission (now the 
Florida Fish and Wildlife Conservation Commission) reported significant numbers of turtles 
being taken from the Apalachicola and Ochlocknee Rivers to presumably be sent to New 
Orleans restaurants (Pritchard 1989, p. 74-75). In addition, commercial harvest depleted 
populations in Louisiana and Alabama (Reed et al. 2002, p.5). Commercial harvest of 
alligator snapping turtles is now prohibited in all states within its range (See Table B1 in 
Appendix B). 

3.1.2 Recreational Harvest 

Recreational harvest of alligator snapping turtles is prohibited in every state except for 
Louisiana and Mississippi (See Table B1 in Appendix B). In Mississippi, recreational 
harvest is 1) limited to one turtle per year, 2) prohibited between April 1st and June 30th, and 
3) limited only to individuals with a straight line carapace length of 24 inches or larger. In 
Louisiana, harvest of one alligator snapping turtle per day, per person, per vehicle/vessel is 
allowed with a fishing license. There are no reporting or tagging requirements, so the 
number of turtles harvested in Louisiana is unknown. 

3.1.3 Impacts of Harvest 

Because of the alligator snapping turtle’s life history, specifically delayed maturity, long 
generation times, and relatively low reproductive output, they cannot sustain significant 
collection from the wild, especially of adult females (Reed et al. 2002, p. 8-12). The species 
does not reach sexual maturity until 11-21 years of age. A mature female typically only 
produces one clutch per year consisting of 8-52 eggs (Ernst and Barbour 1989, p. 133). The 
alligator snapping turtle is characterized by low survivorship in early life stages, but 
surviving individuals may live many decades once they reach maturity. Therefore, 
population growth rates of this species are extremely sensitive to the harvest of adult females. 
Adult female survivorship less than 98% per year is considered unsustainable, and a further 
reduction of this adult survivorship will generally result in significant local population 
declines (Reed et al. 2002, p. 9), though dynamics likely vary across the range of the species. 

Although regulatory harvest restrictions have decreased the amount of alligator snapping 
turtles being harvested, populations have not necessarily increased in response. This lag in 
population response is likely due to the demography of the species, specifically delayed 
maturity, long generation times, and relatively low reproductive output. Twenty-two years 
after commercial harvest ended, surveys conducted during 2014 and 2015 in Georgia’s Flint 
River revealed no significant change in abundance since 1989 surveys (King et al. 2016, p. 
583). A similar study in Missouri and Arkansas detected population declines between the 
initial survey period in 1993-1994 and repeat surveys in 2009 over a decade after state-level 
protections were implemented (Lescher et al. 2013, p. 163-164). At Sequoyah National 
Wildlife Refuge in Oklahoma, an alligator snapping turtle population declined between 1997-
2001 and 2010-2011 (Ligon et al. 2012, p. 40). 
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3.1.4 International Trade and Illegal Harvest 

In 2006, the alligator snapping turtle was listed under CITES, as an Appendix III species to 
allow for better monitoring of exports.  Prior to that listing up to 23,780 alligator snapping 
turtles/year were exported from the U.S. (Figure 7). 

Figure 7.  Number of alligator snapping turtle specimens shipped from the U.S. by year from 
1989 to 2005 (data from USFWS 2005, p. 74702). 

Since the CITES listing, up to 43,718 live alligator snapping turtles have been identified as 
“specimens taken from the wild” leaving the U.S. in a single year (Figure 8; USFWS 2018); 
however, nearly all of the turtles in this category were likely hatched in a captive facility. In 
general, turtle farms use long-term captive, wild-caught adults to produce the hatchlings that 
they sell, and CITES “requires an F2 offspring to qualify as captive” and all exported ASTs 
originated from 12 CITES permitted farms in Arkansas, Louisiana, Missouri and Mississippi 
(Boundy pers. comm. 2019).  Branch of Permits in the Office of Management Authority has 
noted that they do not explicitly label these as captive-bred or captive-born because they 
cannot prove lawful acquisition of founder stock (Kanapaux pers. comm. 2019). 
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Figure 8.  Alligator snapping turtle exports from a variety of sources since 2005.  Though 
most of the turtles have been labelled as wild-caught, nearly all were likely sourced from 
captivity (USFWS 2018). 

Illegal Harvest 
There is some evidence of illegal harvest, as well.  For instance, in 2017 three men were 
convicted of collecting 60 large alligator snapping turtles in a single year in Texas and 
transporting them across state lines violating the Lacey Act (Eastern District of Texas 
Department of Justice, 2017).  While several closed cases involving alligator snapping turtle 
poaching exist, the extent of current removal from wild populations is also unknown because 
details of open cases cannot be disclosed due to ongoing investigations. 

3.2 Bycatch 

Alligator snapping turtles can be killed or harmed incidental to other fishing and recreational 
activities. Threats include capture as bycatch associated with commercial harvest of other 
species, ingestion of fish hooks and/or drowning when captured on trotlines (a fishing line 
strung across a stream with multiple hooks set at intervals) and limb lines (single hooks hung 
from branches), drowning from entanglement in various types of fishing line, and boat 
propeller strikes. 

Commercial fish (e.g., catfish and buffalo fish [Ictiobus]) harvesting may result in adverse 
impacts to alligator snapping turtles.  Commercial hoop nets are often completely submerged 
when set.  Drowning can occur when the netting mesh size limits escape of alligator snapping 
turtles or they are unable to escape through the mouth of the trap (Frazer et al. 1990, p. 
1151).  To date, no data exist quantifying the number of alligator snapping turtles lost to 
commercial hoop nets, but Amity Bass (Louisiana Department of Wildlife and Fisheries 
[LDWF] biologist) expressed the opinion in an interview that the loss of alligator snapping 
turtles to commercial hoop nets is likely a significant threat. 

SSA Report – Alligator Snapping Turtle 20 March 2021 



 

     

   
  

 
    

   
  

 
      

   
 

  
 

 

 
    

 
 

  
  

 

     
   

 
    

 

Alligator snapping turtles ingest fish hooks incidentally, and depending on where ingested 
hooks lodge in the digestive tract, they can cause harm or death (Enge et al. 2014, p. 40-41). 
Fishing line attached to hooks can cause digestive blockage (Enge et al. 2014, p. 40-41). 
Twenty-five alligator snapping turtles were captured and radiographed between 2011 and 
2013 from the Suwannee River (Enge et al. 2014, entire). Of these, three had fish hooks 
lodged in their gastrointestinal tracts; one of these turtles had three hooks embedded (Figure 
9; Enge et al. 2014, p. 25, 28). On the Santa Fe River, a tributary to the Suwannee River, 4 
of 11 radiographed turtles had hooks lodged in their upper digestive tracts (Enge et al. 2014, 
p. 40-41). Some of the ingested hooks might have come from limb lines intended to catch 
catfish. Surveys for limb lines at two sites along the Santa Fe River found 41 and 28 total 
limb lines in June and September 2013, respectively (Enge et al. 2014, p. 25, 28). In Florida, 
limb lines and trotlines are required to be labeled with the angler’s name and contact 
information, but most of the hooks observed during these surveys were not labeled (Enge et 
al. 2014, p. 40-41). 

Figure 9. Radiographs of fishing hooks ingested by alligator snapping turtles. Photos from 
Enge et al. 2014, p. 32. 

Trotlines are a threat to alligator snapping turtles; two marked turtles were caught and 
released by anglers on trotlines during the study by Enge et al. (2014, p. 40-41). Mortality of 
alligator snapping turtles caught on trotlines has also been observed in Oklahoma on lines 
that had seemingly been abandoned for a long time, and were thus illegal (Moore et al. 2013, 
p. 145). In Kansas, the most recent record of an alligator snapping turtle was one found alive 
caught by a trotline (Shipman 1993, p. 5). Damage caused by boat propellers can also injury 
alligator snapping turtles and cause extensive damage to their carapaces, though effects on 
population demographic rates are unknown (Figure 10) (Enge et al. 2014, p. 41). 
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Figure 10. Carapace damage presumably from boat propellers. Photos from Enge et al. 
2014, p. 41. 

3.3 Habitat Alteration 

Alligator snapping turtle aquatic and nesting habitats have been altered by a number of 
anthropogenic disturbances. Dams change the hydrology of streams and could impede 
dispersal and genetic interchange for this highly aquatic species, but impoundments can also 
provide habitat for the species (Pritchard 1989, p. 84). Other activities and processes that can 
alter habitat include dredging, deadhead logging, removal of riparian cover, channelization, 
stream bank erosion, siltation, and land use adjacent to rivers (e.g., clearing land for 
agriculture). Deadhead logs and fallen riparian woody debris, where present, provide refugia 
during low-water periods (Enge et al. 2014, p. 40), resting areas for all life stages (Ewert et 
al. 2006, p. 62), and important feeding areas for hatchlings and juveniles. These activities are 
assumed to influence habitat suitability for alligator snapping turtles based on their habitat 
needs, but actual impacts of these processes on alligator snapping turtles have not been 
quantified. 

3.4 Nest Predation 

As described in Chapter 2, nest predation rates for the alligator snapping turtle are high. The 
most common nest predators are raccoons, but nests may also depredated by nine-banded 
armadillos, Virginia opossums, bobcats, and river otters. In addition to mammalian 
predators, invasive red imported fire ants pose a threat to alligator snapping turtle nests 
(Pritchard 1989, p. 69). Predation by fire ants was the suspected cause of nest failure in 
seven of 16 naturally incubated nests (in contrast to artificial nests) at Black Bayou Lake in 
Louisiana (Holcomb 2010, p. 51). Beyond nest failure, some hatchlings that did emerge 
were observed to have wounds inflicted by fire ants, including the loss of a limb or tail, 
which can lessen their chance of survival (Holcomb 2010, p. 72). 

Hatchling mortality due to mammalian nest predation can be mitigated by either protecting 
nests in their natural setting by installing predator exclusion structures, or by head-starting 
nests, where eggs are incubated and hatched in captivity before releasing juveniles back into 
the wild. Hatchling mortality due to fire ants and other insects may also be mitigated by 
head-starting nests. 
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3.5 Nest Parasitism 

In 2008, one of five alligator snapping turtle nests investigated in Louisiana was infested by 
the phorid fly Megaselia scalaris, the first documentation of infestation by fly larvae in 
alligator snapping turtles and for the family Chelydridae (snapping turtles; Holcomb and Carr 
2011b, entire). This species of fly uses a variety of substrates for laying eggs; once the 
larvae emerge, they consume available organic material. Small holes in the eggs, misshapen 
eggs, fly puparia (hardened larval exoskeleton), and adult flies inside of eggs were found in 
the nests, along with remains of turtle hatchlings (Holcomb and Carr 2011b, p. 428). It 
appeared that the infestation played a significant role in the failure of the nest. While phorid 
flies can have a devastating effect on individual nests, it is unknown what impact this threat 
has at the population or species level. 

3.6 Climate Change 

Climate change might impact the alligator snapping turtle in several ways, including loss of 
habitat to sea level rise for those populations near coastal areas, impacts of drought on habitat 
and water availability, and physiological impacts on sex determination. In the southeastern 
United States, temperatures are predicted to warm by 4° to 8° F (2.2° to 4.4° C) by 2100 
(Carter et al. 2014, p. 399). In the southern Great Plains (e.g., Texas and Oklahoma), 
increased temperatures and longer dry spells are predicted (Shafer et al. 2014, p. 445). In the 
Midwest, the northernmost portion of the alligator snapping turtle range, models predict 
warming of 5.6° to 8.5° F (3.1° to 4.7° C) by 2100, increased spring precipitation, and 
decreased summer precipitation (Pryor et al. 2014, p. 420, 424). 

Alligator snapping turtles exhibit temperature dependent sex determination, and the 
relationship between temperature and sex determination has been investigated in laboratory 
settings (Ewert and Jackson 1994, entire). Male-biased sex ratios were associated with cool 
nests, and warm nests produced female-biased sex ratios (Figure 11). In addition to 
temperature effects on sex ratio, temperature was associated with nest viability, which was 
highest in nests with intermediate sex ratios (produced at intermediate temperatures) and 
lowest in nests with female-biased sex ratios (produced at warmer temperatures; Ewert and 
Jackson 1994, p. 28-29). Thus, warming temperatures might lead to alligator snapping turtle 
nests with strongly female-biased sex ratios and declining viability. These impacts could be 
exacerbated in human-altered areas that are warmer than surrounding natural areas. 

Climate conditions also appear to limit the distribution of alligator snapping turtles. 
Ecological niche modeling has indicated that the distribution is limited by low precipitation 
on the western edge of the range, and by temperature along the northern edge of the range 
(Thompson et al. 2016, p. 431-432). At these northern limits of the range, adult alligator 
snapping turtles can survive, but they face constraints on reproduction imposed by the 
influence of temperature on embryonic development (Thompson et al. 2016, p. 431-432). A 
warming climate could shift the suitable range of the species farther north as northern 
latitudes become able to meet the incubation temperature needs of alligator snapping turtles. 
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Figure 11.  Hatchling sex ratios in nests of alligator snapping turtles in relation to nest 
temperature.  Figure from Ewert and Jackson 1994, p. 26. 

3.7 Disease and Health 

Chaffin et al. (2008, entire) captured and assessed the health of 97 free-ranging alligator 
snapping turtles across nine sites in northwestern Florida and southwestern Georgia between 
2001 and 2006.  Assessed alligator snapping turtles had shell abnormalities, including worn, 
cracked, or broken scutes (n = 19), fresh or healed wounds resulting from trauma (n = 15), 
missing portions of the tail (n = 12), missing portions of the beak (n = 1), missing portions of 
claws (n = 1), and leech infestation (n = 46; Chaffin et al. 2008, p. 674).  Protozoan parasites 
(Haemogregarina, species unknown), transmitted by leeches, were found in all but one turtle 
assessed.  The team checked for infectious pathogens known to impact reptiles and found no 
evidence for exposure to West Nile virus, Mycoplasma agassizii, or ranavirus (Chaffin et al. 
2008, p. 677).  Exposure to herpes (HV1976, HV4295/7R/95) was indicated for 64% (7 out 
of 11) of alligator snapping turtles tested from Pataula Creek, Georgia.  None were showing 
symptoms, and alligator snapping turtles likely co-evolved with a species-specific 
herpesvirus, but it is possible that exposure to stress could lead to an outbreak of herpes in 
these populations (Chaffin et al. 2008, p.677). 

Mercury was detected in the blood in 93% of samples, which varied between 0.010 ppm and 
1.840 ppm, and mercury was possibly sourced from atmospheric deposition and/or 
bioaccumulation through prey (Chaffin et al. 2008, p. 672).  Mercury transferred by mothers 
to eggs is associated with decreased fertilization rates and proportion of eggs that hatch.  
Mercury is associated with increased embryonic mortality in common snapping turtles 
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(Hopkins et al. 2013, p. 2418-2419), but the levels of mercury detected in alligator snapping 
turtles were low relative to those detected in the common snapping turtle study and are 
unlikely to have very large effects on reproduction. More direct exposure to environmental 
mercury that leads to higher mercury levels in alligator snapping turtles would be expected to 
impact reproduction as well as other aspects of health. 

3.8 Conservation Measures 

3.8.1 Captive Rearing, Head-Starting, and Reintroductions 

In this section, we describe conservation measures that have been implemented for the 
alligator snapping turtle including captive rearing, head-starting, and reintroductions. Head-
starting refers to incubating and hatching eggs in captivity, retaining hatchlings in captivity 
during the time they would be most vulnerable in the wild, and subsequently releasing them 
into the wild as older juveniles when they are more likely to survive. 

A captive breeding program at Tishomingo National Fish Hatchery in Oklahoma was 
initiated in 1999 to produce head-started alligator snapping turtles for reintroduction (Riedle 
et al. 2008a, p. 25). In 2007, 249 adult turtles (confiscated from a turtle farm in violation of 
its permits) and 16 juveniles (from Tishomingo National Fish Hatchery) were released into 
seven sites in southern Oklahoma, and follow-up monitoring occurred during May-August in 
2007 and 2008 (Moore et al. 2013, p. 141). There were only seven confirmed instances of 
mortality, all within the first year after release, resulting from drowning on trotlines, a 
gunshot wound, and other suspicious circumstances (Moore et al. 2013, p. 144). When 
viable nests were found during follow-up surveys, they were covered with a mesh predator 
exclusion device. Only one viable nest was found during 2007 or 2008, while 25 depredated 
nests were found, which nevertheless indicates that released adults survived and were 
reproducing (Moore et al. 2013, p. 144). 

From 2008 to 2010, 246 head-started juveniles (3 to 7 years old) were released in the Caney 
River in northeastern Oklahoma and were monitored until 2012 (Anthony et al. 2015, p. 44). 
Mean annual survivorship post-release was estimated to be 59%, 70%, and 100% for turtles 
aged 3, 4, and 5 at release, respectively (older turtles were not included in analysis due to low 
sample sizes) (Anthony et al. 2015, p. 46). 

Head-starting, reintroduction, and monitoring of alligator snapping turtles were conducted 
between 2014 and 2016 in Illinois, Louisiana, and Oklahoma (Dreslik et al. 2017, entire). 
Released turtles included head-started juveniles, confiscations by law enforcement, 
classroom turtle rearing programs, and other captive breeding programs (Dreslik et al. 2017, 
p. 6, 13). Across three states (one site each in Oklahoma and Illinois, two sites in Louisiana), 
548 turtles were released, the majority of which (465) were head-started at the Tishomingo 
National Fish Hatchery in Tishomingo, Oklahoma, and 372 of these were tracked using 
radio-telemetry (Dreslik et al. 2017, p. 22). Between 21.7% and 28.8% of released juveniles 
were confirmed dead within the first year, primarily from predation by raccoons, while 
35.6% to 54.2% experienced radio transmitter failures and could not successfully be tracked 
(Dreslik et al. 2017, p. 19). The greatest predictors of survival for released juveniles were 
size at release, age, and time of year. Larger, older turtles had higher survival rates than 
smaller, younger turtles, and survival was lower over winter than other seasons (Dreslik et al. 
2017, p. 22-25). 
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Survival rates from post-release monitoring were used in a series of stochastic population 
viability models that assessed different introduction scenarios that varied in the number of 
turtles released, the age classes released, and the number of release years (Dreslik et al. 2017, 
p. 28-33). For all modeled scenarios, reintroduced populations were expected to become 
extirpated after releases ceased, though varying the listed parameters could lengthen the 
amount of time to extirpation, and a 30% reduction in mortality across all age classes was 
needed to achieve population stability (Dreslik et al. 2017, p. 33). Based on these models, 
the authors conclude that reintroduction could have limited utility for conservation of 
alligator snapping turtles without other conservation efforts to increase survival rates (Dreslik 
et al. 2017, p. 41). Releasing adults rather than juveniles would also likely lead to improved 
outcomes but would bring additional logistical challenges of housing and caring for the 
turtles to an older age before release. 

It is important to communicate that no conservation measures are likely to be effective in 
securing the viability of the alligator snapping turtle if the underlying causes of declines are 
not first addressed. Protection from the threats listed earlier in this chapter is crucial if head-
starting and reintroductions are to be successful. 

3.8.2 Integrated Natural Resource Management Plans 

As part of the implementation of the Sikes Improvement Act (1997), the Secretaries of the 
military departments are required to prepare and implement integrated natural resource 
management plans (INRMP) for each military installation in the United States. Of the 
military installations with confirmed presence of alligator snapping turtles, substantial 
variability exists in direct management for this species. Many INRMPS have just 
documented presence on the installation (e.g., Little Rock Air Force Base [AFB] [USAF 
2013, p. 5-15 to 5-16] and Robinson Maneuver Training Center [USANG 2018, p. 2-31; L-1] 
in Arkansas; Moody AFB [USAF 2014, p. 46-47] in Georgia; Naval Air Station [NAS] Joint 
Reserve Base New Orleans [USN 2012, p. 3-25] in Louisiana; and Eglin AFB, NAS Whiting 
Field Complex, and NAS Pensacola Complex in Florida). One INRMP references specific 
management for the species guided by the state wildlife action plan (i.e., Fort Chaffee 
[Arkansas] [USANG 2018, p. 120]), one states that project design considers state listed 
species and has best management practices in place for all activities (i.e., Red River Army 
Depot [Texas] [USA 2018, p. 48]), and one contains specific reference to activities being 
consistent with maintenance of reference stream conditions or offers direct measures to 
enhance habitat for this and other rare species (e.g., Ft. Benning [Georgia], [USA 2015, p. 28 
and 209-210]). Among the measures employed at the latter base are invasive species 
management and additional restoration of upland habitat (e.g., tree planting). At this 
installation it appears that training and management are consistent with continued 
maintenance of intact and fully-functional systems where this species occurs. Additionally, 
in one case, while no specific reference to the species is made in the INRMP, the INRMP for 
Barksdale Air Force Base (Louisiana) (USAF 2017, p. 29) states, “Any state rare animals 
located on the installation will be protected to the extent practical. If state rare species are 
located on the installation, and protection is not practical, discussions with the state will be 
initiated to develop a documentation or management strategy.” 

Several other installations in the range could have the species, but presence has not yet been 
documented at these installations. Among these are Maxwell AFB and NAS Whiting Field 
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in Alabama; Pine Bluff Arsenal in Arkansas; Camp Beauregard Training Site, Camp Minden 
Training Center, and Camp Villere in Louisiana; Camp McCain and NAS Meridian in 
Mississippi; Hurlburt Field and Tyndall AFB in Florida; and McAlester Army Ammunitions 
Plant and Camp Gruber Maneuver Training Center in Oklahoma. 

3.9 Summary of Factors Influencing Viability 

Historically, extensive commercial and recreational take in the last century resulted in 
significant declines to many alligator snapping turtle populations. Commercial harvest 
depleted populations in Louisiana, Florida, Georgia and Alabama and is now prohibited in all 
states within its range. Recreational harvest of alligator snapping turtles is prohibited in 
every state except for Louisiana and Mississippi. Although regulatory harvest restrictions 
have decreased the number of alligator snapping turtles being harvested, populations have 
not necessarily increased in response. This lag in population response is likely due to the 
demography of the species, specifically delayed maturity, long generation times, and 
relatively low reproductive output. 

Currently, the primary negative influences on viability of alligator snapping turtles are: legal 
and illegal intentional harvest (including for export), bycatch, habitat alteration, and nest 
predation. Climate change and disease might negatively influence the species, but the 
impacts of these on the species are more speculative due to a lack of information. 
Conversely, conservation measures that have been implemented for the alligator snapping 
turtle include captive rearing, head-starting, and reintroductions, as well as various efforts to 
restore and improve habitat. 

CHAPTER 4 – POPULATION AND SPECIES NEEDS AND CURRENT CONDITION 

In this chapter, we first discuss how we describe populations and species needs and how we 
delineated representative units and analysis units within the range of alligator snapping 
turtles. Then we describe how we collected information to assess resilience, and we 
summarize the current resilience of each analysis unit along with the redundancy and 
representation for the species. 

4.1 Population Needs 

For populations to persist, the needs of individuals (Table 1) must be met at a larger scale. 
These include nesting habitat (appropriate structure and substrate, location near water, 
temperature); habitat for hatchlings, juveniles, and adults (e.g., smaller streams for juveniles, 
deeper water for adults, with structure for refugia); food; and mates. These individual needs 
must be met within an area of habitat that can support enough alligator snapping turtles to 
survive, find mates, and reproduce while avoiding inbreeding depression. To persist, 
populations must be robust in size not only to avoid genetic effects from inbreeding, but also 
to provide resilience against stochastic demographic and environmental events. Later in this 
chapter we describe how we used abundance estimates and information about threats 
affecting abundances to describe resilience of analysis units (rather than populations, see 
Section 4.4) of alligator snapping turtles. 

SSA Report – Alligator Snapping Turtle 27 March 2021 



 

  

 
 

 

 
 

  
 

 

 
 

 
  

 
 

 
  

   
  

 

 

 
   

  
  

 
 

Units 

11111111 Northern Mississippi 

11111111 Alabama 

11111111 Apalachicola 

600 
---== ==-----• Kilometers 

4.2 Species Needs 

For the species to be viable, alligator snapping turtles require redundancy and representation 
of resilient populations or analysis units.  Redundancy of resilient populations distributed 
across the species’ range is necessary to buffer the species against the effects of catastrophic 
events on any single population or grouping of populations.  Potential catastrophic effects 
that could eliminate or severely reduce population resilience include, but are not limited to 
large-scale destruction of nesting or river habitat from river engineering projects, drought, 
hurricanes, and chemical spills. 

Representation refers to the breadth of genetic and environmental diversity within and among 
populations that contributes to the ability of the species to respond and adapt to changing 
environmental conditions over time.  Maintaining resilient populations across the range of 
variation within the species will increase the amount of variation within the species on which 
natural selection can act, increasing the chances that the species will persist in a changing 
world.  Our approach for defining and delineating representation for alligator snapping turtles 
is described in the following section. 

4.3 Representative Units 

In order to determine the representation across the range of the species, we used a tiered 
approach and delineated five representative units: Western, Southern Mississippi, Northern 
Mississippi, Alabama, and Apalachicola (Figure 12). 

Figure 12.  Alligator snapping turtle representative units. 

At the coarsest scale, we divided the species’ range into two parts corresponding to two 
proposed distinct genetic lineages (Thomas et al. 2014, p. 147, 152-154).  This separated out 
the Apalachicola representative unit, while grouping the remaining four representative units 
to the west into the same lineage. 

SSA Report – Alligator Snapping Turtle 28 March 2021 



 

  

  
  

 
 

 
   

  
 

 
 

  
 

  
 

  
  

  
 
 

   
 

 
 

 

 
  

  
  

 
 

May 

- 15May 
_,June 
_ ,sJuno 

-,-~= 
/<~~-, 
c., y ,~ l J_ ,,,- 1 ,f \ 

.,...:,..,~ , ,•....,, ..... ~r / ; .... .r~ 
-. 

250 500 1 000 

km 

Because of the large geographic extent of the large western lineage, it was further divided to 
reflect genetic variation from east to west.  Alligator snapping turtles are highly aquatic; 
movement and connectivity occur primarily via waterways (as opposed to over land), leading 
to genetic structuring among different drainages (Echelle et al. 2010, p. 1381-1382; Roman et 
al. 1999, p. 138).  Based on these genetic studies, the aquatic dispersal mode of the species, 
and input from species experts, we further divided the larger western lineage into three units: 
the Mississippi River drainage, and a unit each to the east and to the west of the Mississippi 
River drainage. 

The final tier of our strategy for delineating representative units was based on differences in 
ecology and life history rather than genetics.  We split the Mississippi River drainage into a 
northern and southern unit.  There have not been rigorous genetic studies to investigate 
genetic differences along a north-south gradient, but ecological differences do exist that 
likely lead to differences in genetic composition and adaptive capacity.  Life history 
strategies vary latitudinally, and turtles in general produce larger clutches and smaller eggs in 
more northern latitudes compared to smaller clutches of larger eggs at more southerly 
latitudes (Iverson et al. 1993, p. 2449-2451).  Differences in temperature latitudinally can 
also lead to differences in the timing of nesting.  Thompson et al. (2016, p. 429) created a 
climate model that mapped suitable conditions for incubation and hatching under different 
nest initiation dates from May 1 to June 15 (Figure 13). In the southern portion of the 
species’ range, there were no limitations to nest initiation dates.  Farther north in the species’ 
range (e.g., north-central Arkansas, Missouri, Illinois, Tennessee), limitations were indicated; 
alligator snapping turtles need to nest by early to mid-May to allow for enough warm days 
for complete development and hatching of the young. 

Figure 13.  Areas predicted to be suitable for complete embryonic development of alligator 
snapping turtle eggs based on number of suitable degree days under four nesting scenarios 
with different nesting initiation dates: 1 May, 15 May, 1 June, and 15 June (dots are alligator 
snapping turtle occurrences) (Figure and caption from Thompson et al. 2016, p. 429). 

We used the results from Thompson et al. (2016, p. 429) and spatial data depicting growing 
degree days (Matthews et al. 2018, p. 6) to determine the separation between the northern 
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and southern Mississippi representative units.  We note that the change in temperature from 
south to north is a gradient and does not occur abruptly at the border between the two units.  
Even though a true distinct boundary does not exist on the landscape between the two units, 
it is still important to acknowledge in the structure of our representative units that differences 
exist in habitat and the thermal environment between alligator snapping turtles in the 
southern reaches of the Mississippi drainage and those farther north.  These differences in 
selective pressures likely lead to unique adaptations for the different conditions, and the loss 
of either the northern or the southern Mississippi unit would represent a significant loss in the 
diversity and adaptive capacity of the species. 

4.4 Analysis Units 

We divided the species’ range into seven analysis units, nested within representative units, to 
assess resilience (Figure 14). These analysis units are not meant to represent “populations” 
in a biological sense; they do not represent groups of demographically linked interbreeding 
individuals.  Delineating biological populations of the alligator snapping turtle is not feasible 
at this time because of the large spatial extent of the geographic range and the patchy 
availability of relevant information across the entire range. Rather, these units were designed 
to subdivide the species’ range in a way that facilitates assessing and reporting the variation 
in current and future resilience across the range. 

Figure 14.  Alligator snapping turtle analysis units.  The two Southern Mississippi units 
(blues) make up one representative unit and the two Northern Mississippi units (greens) 
make up one representative unit; the remaining analysis units each make up a single 
representative unit. 
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Subdivision of representative units into analysis units was based primarily on Hydrologic 
Unit Code (HUC) 2 watershed boundaries (Figure 15). When small fragments of a HUC 
were adjacent to larger HUCs in the same representative unit (e.g., a small sliver of a new 
HUC on the eastern edge of the Southern Mississippi representative unit), or where small 
portions of multiple HUCs combined (e.g., at the convergence of Missouri, Illinois, Indiana, 
Kentucky, and Tennessee), we grouped them into larger units to prevent having very small 
analysis units of a vastly different size than the others.  Including very small analysis units in 
these cases would have posed challenges for collecting data from species experts for the 
current and future resilience assessment and would not be very informative for the overall 
status assessment of the species. 

In creating analysis units in this way, we strove to balance the needs to: a) have units small 
enough to be able to capture the variation in the condition of the species (e.g., abundance, 
threats) across its range, while also b) retaining units large enough that species experts would 
be able to summarize information about the condition of the species for every unit.  Using 
this strategy, the Western, Alabama, and Apalachicola representative units each contained a 
single analysis unit (representative unit = analysis unit), while the Southern Mississippi and 
Northern Mississippi representative units were each divided into an eastern and western 
analysis unit. 

Figure 15.  HUC 2 watershed boundaries within alligator snapping turtle representative 
units. 
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4.5 Current Condition Methods 

To assess the current condition of the alligator snapping turtle, we surveyed species experts 
about current abundance, current threats, and a comparison of the current and historical 
distribution. We used an elicitation questionnaire sent to species experts to gather this 
information. The questionnaire included questions about alligator snapping turtles and 
impacts of influencing factors on their populations at both the range-wide scale and the 
analysis unit scale (the elicitation questionnaire can be found in Appendix C). The 
questionnaire was sent to 32 species experts after they viewed a webinar explaining the types 
of questions they would encounter and how their responses would be used. These experts 
were spread geographically throughout the species’ range and collectively had many decades 
of experience working with alligator snapping turtles. 

Current abundance is our measure for current resilience, along with information about 
current threats, conservation actions, and distribution serving as auxiliary information about 
the causes and effects of current versus historical abundances. For information about 
abundance, threats, and conservation actions that we elicited from species experts, “current” 
refers to the year 2019; for species distribution records, “current” refers to the years 2000-
2019. 

4.5.1 Current Abundance 

We compared the historical and current ranges of alligator snapping turtles by querying state 
biologists or those with access to the state’s natural heritage program data. To obtain 
estimates of abundance for each analysis unit, we used expert elicitation, using a 4-point 
elicitation procedure in a written questionnaire (Speirs-Bridge et al. 2010, p. 515). Experts of 
both M. temminckii and M. suwanniensis were asked to respond only for those analysis units 
for which they have experience or expertise. In this procedure, experts were asked what they 
estimated to be the lowest likely number, the highest likely number, and the most likely 
number of alligator snapping turtles in each analysis unit. They were then asked to report 
how confident they were that their interval (lowest estimate to highest estimate) captured the 
actual number of alligator snapping turtles (akin to a confidence interval). Finally, the 
experts were asked to describe how they generated their estimates. 

For M. temminckii and M. suwanniensis combined, we received elicitation questionnaire 
responses from 14 species experts out of 32 queried for an overall response rate of 43.75%. 
For M. temminckii we had a total of 18 analysis unit-specific responses (one to four responses 
per analysis unit). Only 9 of those 18 responses included estimates of current abundance 
(one response for each analysis unit except for two responses for the Apalachicola Analysis 
Unit and Northern Mississippi – East Analysis Unit). Despite the large amount of expertise 
in the expert team we queried, there was a high degree of uncertainty about current 
abundances in each analysis unit. This uncertainty was sometimes expressed in non-
responses (i.e., expert did not feel comfortable providing any estimates because they were too 
uncertain), and at other times was expressed as a large range between the low and high-end 
estimates, with relatively low confidence that the true value lies between those bounds. 

In addition to analysis-unit-specific abundances, we also asked about overall density patterns 
across the species’ range, specifically whether there are geographic patterns, and what factors 
seem to correlate with density. Experts responded that abundance and densities are probably 
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higher in the south compared to the northern parts of the species’ range, where populations 
are often small and isolated. Experts also expect that densities are likely lower in areas with 
either a more recent history of commercial or recreational harvest of alligator snapping 
turtles (more harvest pressure historically in the western part of the range [Louisiana, 
Arkansas, Mississippi], than the eastern [Florida, Georgia]), or more robust fisheries for other 
species that could be associated with increased incidental capture of alligator snapping 
turtles. Densities are also likely tied to habitat, with higher densities where there is more 
structure (e.g. sunken logs, undercut banks), available nesting habitat, and fewer nest 
predators. 

4.5.2 Current Threats and Conservation Actions 

We also elicited information about the prevalence of negative and positive influences on 
alligator snapping turtles in each analysis unit. Using the same 4-point elicitation format, we 
asked the species experts to estimate the extent of occupied area in each analysis unit where 
alligator snapping turtles are exposed to each of the following threats: incidental hooking on 
trot and limb lines, commercial fishing bycatch, legal collection or harvest, illegal collection 
or harvest (poaching), and nest predation by subsidized or non-native predators. In addition, 
we asked experts to describe and estimate the spatial extent of any other threats known to 
occur in their analysis units, as well as any conservation actions that are being implemented. 

Because some experts have expertise in and responded for multiple analysis units, we 
received a total of 18 analysis unit-specific responses (one to four responses per analysis unit, 
with varying numbers of questions answered). 

In addition to asking the expert team about the spatial extent of different threats in each 
analysis unit, we also asked about the demographic impact of different threats range-wide. 
We used 4-point elicitation to ask what effect commercial bycatch, incidental hooking, hook 
ingestion, legal harvest, illegal harvest, and nest predation have on the survival of relevant 
life stages (adults, juveniles, hatchings, nests) in areas where the threat occurs (Figure 16). 
We received usable responses from 10 experts, with varying numbers of questions answered 
by each. Legal and illegal harvest, where they occur, were estimated to have the highest 
impact on adult survival rates, with both causing reductions in survival of 18% (most likely 
estimate). Commercial and recreational bycatch and hook ingestion were estimated to have 
lower impacts on adult survival, with most likely reductions in survival of 7-9%. The 
estimated impacts of threats on juvenile survival were lower than impacts to adult survival 
with most likely impacts of a 6-8% reduction in survival where commercial bycatch, 
incidental hooking, and hook ingestion occur, and a 6-7% reduction in survival from legal 
and illegal harvest where they occur. Hatchlings are not estimated to be heavily impacted by 
any of the threats we explored. Nest survival is estimated to be heavily impacted by nest 
predation by subsidized or non-native predators (e.g., raccoons, fire ants), with a most likely 
estimate of 58% reduction in survival. 
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Figure 16.  Expert-elicited magnitude of threats facing alligator snapping turtles in terms of 
the percent decrease to survival rates. Error bars indicate the average of lowest likely and 
highest likely estimates of impacts on survival, while circles indicate the average of most 
likely impacts on survival.  The number of respondents for each metric ranged from 4 to 7. 

4.5.3 Comparison with Historical Range 

We compared the historical and current ranges of alligator snapping turtles by querying state 
biologists or those with access to the state’s natural heritage program data.  For each county 
or parish in their state, we asked for the current and historical status, and the date of the last 
confirmed record of alligator snapping turtles.  For this exercise (in contrast to expert 
elicitation about current abundance, threats, and conservation actions), “current” referred to 
the time period from the year 2000 to the present (2019).  For each county and time period 
(current and historical), alligator snapping turtle occupancy was classified as either occupied, 
not occupied, or unknown (Table 2).  Respondents were also asked to describe, if known, the 
reasons behind any changes in occupancy status from historical to current. 
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Table 2. Definitions of Occupied, Not Occupied, and Unknown, for characterizing the 
current (since 2000) and historical (prior to 2000) distribution of alligator snapping turtles by 
county. 

Current Historical 
Occupied Signifies that alligator snapping turtles are known or 

presumed to occur in this county now. In the absence of 
very recent records, currently occupied counties will 
include those with alligator snapping turtle records since 
2000, provided that there is no evidence that the species 
has been extirpated since those most recent records 

Signifies that 
alligator snapping 
turtles are known or 
believed to have 
occurred in this 
county prior to 2000 

Not Occupied Signifies that alligator snapping turtles have not been 
reported in this county since 2000, or if they have, there 
is evidence that they have been extirpated since then 

Signifies that there 
is no evidence that 
alligator snapping 
turtles occurred in 
this county prior to 
2000 

Unknown Signifies uncertainty in the current occupation `of this 
county by alligator snapping turtles. For example, 
counties with no recent records as a result of no recent 
surveys, but with no reason to believe that the species 
has been extirpated since the last records 

Signifies uncertainty 
in the historical 
occupation of this 
county by alligator 
snapping turtles 

4.6 Current Condition Results For Each Analysis Unit 

Below, we report the current abundance, current threats and conservation actions, and 
comparison with the historical range for each of the eight analysis units. All of the 
information came from expert elicitations unless otherwise specified. 

4.6.1 Western Analysis Unit 

This analysis unit (Figure 17) encompasses parts of 
eastern Texas and western Louisiana. Main water 
bodies that currently or historically supported 
alligator snapping turtles include the Trinity River, 
Sabine River, and Neches River. 

Current Abundance 

Current abundance in this analysis unit is 
estimated to be between 1,000 and 100,000 
alligator snapping turtles, indicating a high 
degree of uncertainty resulting from limited 
monitoring and research. These estimates 
were extracted from information compiled to complete the NatureServe Conservation 
Rank Calculator in Texas in 2018, and thus are not associated with a most likely 
estimate like the expert-elicited values for other analysis units. In the absence of a 

Figure 17. Western Analysis Unit. 
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mean or most likely estimate associated with this range in abundances, we took the 
center point, 50,500, as the most likely estimate. 

Current Threats and Conservation Actions 

We received little information about current threats and conservation actions in this 
analysis unit, but threats include: 

● Incidental hooking, which is estimated to affect 31-71% of the species’ range 
in this unit. 

● Nest predation, which is estimated to affect 71-100% of the species’ range in 
this unit. 

● Habitat alteration via channelization, impoundments, and debris removal, 
which is estimated to affect 71-100% of the species’ range in this unit. 

● Legal harvest occurs in Louisiana, which makes up 6% of the area of this 
analysis unit. 

● Illegal harvest, which occurs in this unit, though the extent and severity of 
this threat is unknown. 

In Texas, which makes up the vast majority of this analysis unit, alligator snapping 
turtles are protected at the state level and there is no legal harvest. 

Comparison with Historical Range 

In this analysis unit, there have been no confirmed changes in the species’ range 
(Figure 18). The only changes between historical and current times are changes 
between occupied status and unknown status in Texas. These changes are due to the 
ad hoc nature of surveys in this unit; there is not presently any evidence that the 
species has been extirpated from any counties within its historical range. Of the 26 
counties in Texas in this unit with confirmed current alligator snapping turtle records, 
18 of those were made within the last 10 years (since 2009). In three counties with 
current unknown status (Franklin, Houston, and Rains), alligator snapping turtles 
have not been recorded since 1985-1986. 
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Figure 18. Historical and current distribution of alligator snapping turtles in the Western 
Analysis Unit. 

4.6.2 Southern Mississippi – West Analysis Unit 

This analysis unit (Figure 19) encompasses parts of 
northeastern Texas, Oklahoma, Kansas, Missouri, 
Arkansas, and northwestern Louisiana.  Main water 
bodies that currently or historically supported alligator 
snapping turtles include but are not limited to the 
Arkansas River, Red River, Canadian River, East Fork 
Cadron Creek, Black Lake Bayou, Cheechee Bay, 
Saline Bayou, Black Lake, Clear Lake, Saline Lake, 
Cane River Canal, Black River, Boggy Bayou, Grand 
Bayou, Crichton Lake, Coushatta Bayou, Smith Island 
Lake, Loggy Bayou, Bayou Pierre, Wallace Lake, 
Smithport Lake, and Bayou Lumbra. Figure 19. Southern Mississippi – West 

Analysis Unit 
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Current Abundance 

Current abundance in this analysis unit is estimated to be 15,000 alligator snapping 
turtles, with 70% confidence that the true abundance is between 1,000 and 50,000. 
These estimates were based on nearly twenty years of sampling. Densities have been 
found to vary greatly between river segments in this unit, and populations are highly 
fragmented by impoundments. 

Current Threats and Conservation Actions 

Threats in this analysis unit include: 
● Incidental hooking, which is estimated to affect 80% of the species’ range in 

this unit (80% confidence that the true value lies between 60 and 100%). 
● Illegal harvest, which is estimated to affect 1% of the species’ range in this 

unit (100% confidence that the true value lies between 0 and 10%). 
● Nest predation, which is estimated to affect 30% of the species’ range in this 

unit (50% confidence that the true value lies between 10 and 80%). 
● Habitat fragmentation was also identified as a threat to populations in this 

unit. 
● Legal harvest occurs in Louisiana, which makes up 9% of the area of this 

analysis unit. 

With the exception of Louisiana, alligator snapping turtles in this unit are protected 
at the state level with no legal harvest. Other conservation measures include head-
start and release programs on the Caney, Verdigris, and Neosho river drainages in 
Oklahoma. The spatial extent and movements of alligator snapping turtles within 
these drainages are constrained by dams, but releases up and downstream of 
impoundments are expected to increase spatial extent over time. 

Comparison with Historical Range 

In this analysis unit, there have been no confirmed changes in the species’ range in 
Louisiana, Arkansas, or the small portion of the unit that extends into Missouri 
(Figure 20). 

In Texas, there have been changes from occupied to unknown status and vice versa, 
but no contractions of the species’ range have been confirmed; the lack of recent 
records is likely more of an indication of a lack of recent surveys than a lack of 
alligator snapping turtles. 

In Oklahoma, counties with unknown status on the edge of the species’ range have 
had no confirmed records but did contain potentially suitable habitat and were 
adjacent to occupied counties. Because there are no historical records in these 
counties, there has been almost no trapping effort there, so the current status remains 
unknown. There are currently introductions ongoing in the lower Washita River 
above the Lake Texoma dam (Marshall and Johnston Counties), upper Caney River 
above the Hulah Reservoir dam (Osage County), and the upper Verdigris River above 
the Oologah Reservoir dam (Nowata County). These counties are designated as 
occupied historically, but with unknown current status, because it will not be apparent 
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for many more years whether reintroduction efforts will be successful long-term. In 
the short term, there has been high survival of adults and larger juveniles (Dreslik et 
al. 2017, p. 20-21) and documented nesting attempts (Miller et al. 2014, p. 190).  
Potential range contractions in Oklahoma from the historical distribution to the 
present are likely the result of habitat modification (i.e., the channelization of rivers, 
clearing of floodplain habitat), habitat fragmentation caused by impoundments, and 
historical harvest/collection, which has been prohibited since 1992. 

In Kansas, there have been no recent (since 2000) confirmed records of alligator 
snapping turtles.  Two Kansas counties in this analysis unit have confirmed historical 
records, the most recent of which are from 1912 (Butler County) and 1958 (Cowley 
County).  Alligator snapping turtles are not known to still occur in these counties, but 
the reason for their apparent disappearance is not known; most monitoring in Kansas 
occurred after significant perturbations already took place (e.g., historical harvest, 
fragmentation from impoundments), and most of the species’ historical range in the 
state occurs on private lands with limited accessibility for surveying. 

Figure 20.  Historical and current distribution of alligator snapping turtles in the Southern 
Mississippi – West Analysis Unit. Counties in Oklahoma with ongoing reintroductions are 
indicated with stars. 
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4.6.3 Southern Mississippi – East Analysis Unit 

This analysis unit (Figure 21) encompasses parts of 
Louisiana, Arkansas, Mississippi, Alabama, 
Tennessee, and Missouri. Main water bodies that 
currently or historically supported alligator snapping 
turtles include the Mississippi River, Atchafalaya 
River, Red River, Ouachita River, Tensas River, 
Amite River, Tangipahoa River, and their affluents 
in Louisiana. Historically extensive bottomland 
hardwood forests associated with the alluvial plains 
of these rivers still provide extensive aquatic habitat 
for alligator snapping turtles in the form of bayous, 
sloughs, brakes (swamps), and oxbow lakes; stream 
modifications within Louisiana for drainage, 
irrigation, navigation, and recreational purposes have 
been extensive. The net effect of many impoundment projects has probably been to create 
more suitable, permanent aquatic habitat than was historically present; however, the 
transformation of the adjoining terrestrial environment includes significantly more edge 
habitat that is suitable for mesopredators such as raccoons. Also, it is common for roadways 
and railways to cross or border bodies of water, and in addition, many bodies of water are 
intersected by pipelines and other utility rights-of-way—these types of anthropogenic 
modifications near water create attractive edges that are used for nesting by Macrochelys 
(Carr et al., 2007). 

Protected areas with confirmed presence of the species within the Louisiana portion of the 
unit include Kisatchie National Forest, numerous National Wildlife Refuges (e.g., Black 
Bayou Lake NWR, Upper Ouachita NWR, Tensas River NWR) and state Wildlife 
Management Areas (e.g., Russell Sage WMA, Boeuf WMA, Richard K. Yancey WMA, 
Loggy Bayou WMA) and within the Mississippi portion of the Unit, Big Black River. 

Current Abundance 

Current abundance in this analysis unit is estimated to be 50,000 alligator snapping 
turtles, with 80% confidence that the true abundance is between 2,000 and 75,000. 
These estimates were generated by extrapolating trapping information in the southern 
third of the unit to the rest of the unit. 

Current Threats and Conservation Actions 

Threats in this analysis unit include: 
● Incidental hooking, which is estimated to affect 45% of the species’ range in 

this unit (three experts responding, average bounds between 28 and 67%, 
average 73% expert confidence that the true value lies within their specified 
bounds). 

● Bycatch from commercial fishing, which is estimated to affect 48% of the 
species’ range in this unit (two experts responding, average bounds between 
33 and 66%, average 83% expert confidence that the true value lies within 
their specified bounds). 

Figure 21. Southern Mississippi – East 
Analysis Unit. 
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● Legal harvest, which is estimated to affect 53% of the species’ range in this 
unit (two experts responding, average bounds between 38 and 68%, average 
90% expert confidence that the true value lies within their specified bounds). 
Harvest is legal in Louisiana and Mississippi. 

● Illegal harvest, which is estimated to affect 63% of the species’ range in this 
unit (three experts responding, average bounds between 43 and 90%, average 
60% expert confidence that the true value lies within their specified bounds). 

● Nest predation, which is estimated to affect 94% of the species’ range in this 
unit (three experts responding, average bounds between 58 and 99%, average 
93% expert confidence that the true value lies within their specified bounds). 

● Habitat fragmentation was also identified as a threat to populations in this 
unit. 

Outside of Louisiana and Mississippi, alligator snapping turtles in this unit are 
protected at the state level with no legal harvest. In Mississippi, harvest is limited to 
one alligator snapping turtle per person (with a hunting or fishing license) per year 
with a carapace length greater than 24 inches (female-biased protection), and with no 
possession allowed between April and June. Other conservation measures include a 
head-start and release program in Louisiana to supplement existing populations. 

Comparison with Historical Range 

In this analysis unit, there have been no confirmed changes in the species’ range in 
Louisiana or Arkansas (Figure 22). 

In Mississippi, there have been changes from occupied to unknown status and vice 
versa, but no changes of the species’ range have been confirmed; the lack of recent 
records is likely more of an indication of a lack of recent surveys than a lack of 
alligator snapping turtles. It is assumed by Mississippi Natural Heritage Program 
personnel that historically occupied counties are still occupied, and that currently 
occupied counties were historically occupied. Alligator snapping turtles are 
presumed to occur state-wide, but there has not been adequate survey effort to 
confirm the presence or absence of the species in all counties, resulting in the large 
number of counties with both historical and current unknown status. 

In Alabama, all counties included in this analysis unit are presumed to have been 
historically occupied, and most have changed to unknown status currently because of 
a lack of recent surveys; there is not current evidence that the species has been 
extirpated in these counties. The most recent confirmed records in counties within 
this unit were from 1980 in Lauderdale County. 

In Tennessee, there has been an apparent contraction of the range of the species in 
this analysis unit. All counties in this unit are presumed to have been historically 
occupied, but there are recent records only for 7 out of 19 counties. The contraction 
is believed to be a result of habitat destruction caused by the channelization of most 
of the river systems in west Tennessee. There is also likely an element of limited 
survey effort constraining the current range; new locations are expected to be 
documented over the next several years with more surveys. 
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This analysis unit includes parts of 7 counties in Missouri. Of these, all but one are 
known to have been historically occupied, and it is likely that the remaining one, 
Scott County, was also historically occupied based on its proximity to other occupied 
counties and watersheds. The only change between the historical and current state is 
in New Madrid County, where the most recent record comes from 1993. The lack of 
recent records could be due solely to a lack of recent surveys, so its current status is 
unknown. 

Figure 22. Historical and current distribution of alligator snapping turtles in the Southern 
Mississippi – East Analysis Unit. 

4.6.4 Northern Mississippi – West Analysis Unit 

This analysis unit (Figure 23) encompasses parts of 
Kansas, Oklahoma, Arkansas, and Missouri. Main water 
bodies that currently or historically supported alligator 
snapping turtles include the Neosho River and Verdigris 
River. 

Current Abundance 

Current abundance in this analysis unit is 
estimated to be 500 alligator snapping turtles, 
with 60% confidence that the true abundance is 

Figure 23. Northern Mississippi – West 
Analysis Unit. 
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between 10 and 1,000. These estimates were based on experience in the Neosho and 
Verdigris River in the northwest corner of this unit. 

Current Threats and Conservation Actions 

Threats in this analysis unit include: 
● Incidental hooking, which is estimated to affect 80% of the species’ range in 

this unit (80% confidence that the true value lies between 60 and 100%). 
● Illegal harvest, which is estimated to affect 1% of the species’ range in this 

unit (100% confidence that the true value lies between 0 and 10%). 
● Nest predation, which is estimated to affect 30% of the species’ range in this 

unit (50% confidence that the true value lies between 10 and 80%). 
● Habitat fragmentation was also identified as a threat to populations. 

Alligator snapping turtles in this unit are protected at the state level with no legal 
harvest. Other conservation measures include head-start and release programs on 
the Caney, Verdigris, and Neosho river drainages in Oklahoma. The spatial extent 
and movements of alligator snapping turtles are constrained by dams there, but 
releases up and downstream of impoundments are expected to increase their spatial 
extent over time. 

Comparison with Historical Range 

In this analysis unit, there have been no confirmed changes in the species distribution 
between the occupied and unoccupied state; the only changes between historical and 
current times are changes between occupied and unknown, and changes between 
unknown and unoccupied (Figure 24). 

In Kansas, there have been no recent (since 2000) confirmed records of alligator 
snapping turtles. 

Five Kansas counties in this analysis unit have confirmed historical records; the most 
recent record for each of these are: 1895 in Cherokee County, 1911 in Neosho 
County, 1938 in Labette County, 1967 in Lyon County, and 1991 in Montgomery 
County. Alligator snapping turtles are not known to occur in these counties, and the 
reason for their apparent disappearance is not known; most monitoring in Kansas 
occurred after significant perturbations already took place (e.g., historical harvest, 
fragmentation from impoundments), and most of the species’ historical range in the 
state occurs on private lands with limited accessibility for surveying. 

In the small portion of this unit that occurs in Oklahoma, there have been no 
confirmed changes in the species’ range. 

In the Arkansas portion of this analysis unit, there have not been confirmed changes 
in the species’ range, but there is a lack of historical or recent records in the 
northwestern portion of the state, leading to a current designation of unknown status, 
though these counties are presumed to have been historically occupied based on 
availability of potential habitat and proximity to other occupied areas. 

SSA Report – Alligator Snapping Turtle 43 March 2021 



 

  

  
 

 
 

 

 

  
 

 
 

 

 
 

 
 

 
 

 
   

  
 

     
 

0 75 

0 75 

County Distribution 

Historical 

1111 Occupied 

~Unknown 

~ Nol Occupied 

County Distribution 

Current 

1111 Occupied 

~Unknown 

~ Nol Occup ied 

N 

A 

N 

A 

In the Missouri portion of this unit, there have not been confirmed changes in the 
species’ range; counties with unknown current status that historically supported 
alligator snapping turtles likely still do, but there have not been recent surveys to 
confirm this. 

Figure 24.  Historical and current distribution of alligator snapping turtles in the Northern 
Mississippi – West Analysis Unit. 

4.6.5 Northern Mississippi – East Analysis Unit 

This analysis unit (Figure 25) encompasses parts of 
Missouri, Illinois, Indiana, Kentucky, and Tennessee.  
Main water bodies that currently or historically 
supported alligator snapping turtles include the 
Mississippi River, Ohio River, Illinois River and 
Tennessee River. 

Current Abundance 

Current abundance in this analysis unit was 
estimated by two expert respondents.  One 
estimated the abundance to be 125 alligator 
snapping turtles, with 90% confidence that the 

Figure 25. Northern Mississippi – East 
Analysis Unit 

true abundance is between 75 and 150.  The 
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other estimated the abundance to be 300 alligator snapping turtles, with 75% 
confidence that the true value is between 150 and 1,500. These estimates were based 
on experience associated with recovery efforts (translocations and monitoring) in the 
unit. Combined, these estimates produce an average estimate of 212.5 alligator 
snapping turtles, average lower bound of 112.5, and average upper bound of 825, and 
an average 82.5% confidence from the experts that the true value is between the 
bounds (i.e., the 82.5% confidence level does not apply to the average bounds, but 
describes on average how confident the experts were for this analysis unit). 

Current Threats and Conservation Actions 

Threats in this analysis unit include: 
● Nest predation, which is estimated to affect 83% of the species’ range in this 

unit (three experts responding, average bounds between 53 and 100%, average 
88% expert confidence that the true value lies within their specified bounds). 

● Habitat alteration from channelization, impoundments, sedimentation, and 
woody debris removal was also identified as a threat to populations in this 
unit. 

● Incidental hooking and illegal harvest are not believed to be threats in this 
analysis unit. They were estimated to affect 0% of the species’ range in this 
unit (two experts responding, average bounds between 0 and 2.5%, average 
85% expert confidence that the true value lies within their specified bounds 
for incidental hooking, and 97% confidence for illegal harvest). 

Alligator snapping turtles in this unit are protected at the state level with no legal 
harvest. Other conservation measures include reintroductions and associated 
monitoring in Illinois. 

Comparison with Historical Range 

In this analysis unit, the species’ range has contracted in some areas (Figure 26). In 
Missouri, the species is no longer believed to occur in Lewis County in the 
northeastern portion of the state, where the last alligator snapping turtle record is from 
1965. In other Missouri counties that were historically occupied, the species likely 
still occurs there, regardless of whether there have been recent surveys and records. 

In Illinois, reintroductions are currently happening in Union County near the southern 
tip of the state. Excluding reintroductions, the most recent capture of an alligator 
snapping turtle in the state was 2017 in Union County (Kessler et al 2017, entire).  
Prior to this capture, the last verified record was in Union County in 1984. An 
additional 12 Illinois counties have confirmed historical records, the most recent 
record for each of these are: 1887 in Wabash County, 1892 in White and Adams 
Counties, 1907 in Alexander County, 1937 in Randolph and Massach Counties, 1950 
in Rock Island County, 1954 in Calhoun County, 1960 in Jackson County, 1961 in 
Mason and Jersey Counties, and 1976 in Peoria County. 

In Indiana, alligator snapping turtles are exceedingly rare. In 2012, an isolated 
specimen was caught on a limb line in Jackson County. Prior to that, no alligator 
snapping turtle records had been verified since 1991 in Morgan County . The current 
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range in Indiana might be wider than previously thought (Figure 27); environmental 
DNA indicating alligator snapping turtle presence was detected in 2017 in Gibson and 
Pike counties, but has not been confirmed with captures.  It is not certain how far 
away the turtles might be from where their DNA was detected. 

In Kentucky, there have not been confirmed changes in the species’ range; systematic 
surveys are not occurring in Kentucky and all occurrence records are opportunistic. 

In Tennessee, there has been an apparent contraction of the range of the species in 
this analysis unit.  All counties in this unit except Weakley County are presumed to 
have been historically occupied, but there are recent records only for 7 out of 13 
historically occupied counties.  The contraction is believed to be a result of habitat 
destruction caused by the channelization of most of the river systems in west 
Tennessee. There is also likely an element of limited survey effort constraining the 
current range; new locations are expected to be documented over the next several 
years with more surveys. 

Figure 26.  Historical and current distribution of alligator snapping turtles in the Northern 
Mississippi – East Analysis Unit.  Union County in Illinois with ongoing reintroductions is 
indicated with a star. 
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Figure 27.  Historical and current distribution of alligator snapping turtles in Indiana.  Stars 
indicate counties where environmental DNA from alligator snapping turtles was detected in 
2017. 

4.6.6 Alabama Analysis Unit 

This analysis unit (Figure 28) encompasses eastern 
Mississippi, western Alabama, and small parts of Louisiana 
and Florida.  Main water bodies that currently or 
historically supported alligator snapping turtles include but 
are not limited to the Alabama River, Pascagoula River, 
Pearl River, Jourdan River, Escambia River and Perdido 
River. 

Current Abundance 

Current abundance in this analysis unit is estimated 
to be 200,000 alligator snapping turtles, with 66% 
confidence that the true abundance is between 50,000 and 1,000,000.  These estimates 
were based on extrapolating localized experience to the larger unit. 

Current Threats and Conservation Actions 

Threats in this analysis unit include: 
● Incidental hooking, which is estimated to affect 52% of the species’ range in 

this unit (three experts responding, average bounds between 55 and 90% 
[average value does not fall between bounds because one expert provided only 
a mostly likely estimate with no bounds], average 65% expert confidence that 
the true value lies within their specified bounds). 

● Legal harvest, which is estimated to affect 40% of the species’ range in this 
unit (two experts responding, average bounds between 34 and 55%, average 
70% expert confidence that the true value lies within their specified bounds). 
Harvest is legal in Mississippi. 

● Illegal harvest, which is estimated to affect 58% of the species’ range in this 
unit (three experts responding, average bounds between 68 and 95% [average 
value does not fall between bounds because one expert provided only a most 
likely estimate with no bounds], average 58% expert confidence that the true 
value lies within their specified bounds). 

Figure 28. Alabama Analysis Unit. 
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● Nest predation, which is estimated to affect 83% of the species’ range in this 
unit (three experts responding, average bounds between 53 and 100%, average 
88% expert confidence that the true value lies within their specified bounds). 

● Habitat alteration from channelization, impoundments, headcutting, 
desnagging, dredging, unregulated water use, and water contamination was 
also identified as a threat to populations in this unit. 

Outside of Mississippi, alligator snapping turtles in this unit are protected at the state 
level with no legal harvest. In Mississippi, harvest is limited to one alligator snapping 
turtle per person (with a hunting or fishing license) per year with a carapace length 
greater than 24 inches (female-biased protection), and with no possession allowed 
between April and June. 

Comparison with Historical Range 

In this analysis unit, there are no confirmed changes in the species’ range (Figure 29). 
While there are not historical or recent occurrence records from every county, there is 
no evidence that the species has been extirpated from these areas, and the lack of 
records could be from lack of surveys. 

Figure 29. Historical and current distribution of alligator snapping turtles in the Alabama 
Analysis Unit. 
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4.6.7 Apalachicola Analysis Unit 

This analysis unit (Figure 30) encompasses parts of the Florida 
panhandle, southeastern Alabama, and Georgia. Main water 
bodies that currently or historically supported alligator snapping 
turtles include the Apalachicola River, Chipola River, 
Ochlockonee River, Flint River, Chattahoochee River, 
Choctawhatchee River, and associated permanent freshwater 
habitats. The latter include floodplain swamp forest dominated 
by bald cypress and water tupelo trees, with tannic or turbid 
waters (Ewert and Jackson 1994). Lakes supporting the species 
are either impounded sections of large rivers (Lake Seminole: 
Apalachicola, Lake Talquin: Ochlockonee) or natural lakes with 
at least occasional connection to a river. 

Current Abundance 

Current abundance in this analysis unit was estimated by two expert respondents: one 
estimated the abundance to be 10,000 alligator snapping turtles, with 50% confidence 
that the true abundance is between 5,000 and 20,000. The other estimated the 
abundance to be 80,000 alligator snapping turtles, with 70% confidence that the true 
abundance is between 25,000 and 400,000. These estimates were based on 
extrapolating localized experience to the larger unit. Combined, these estimates 
produce an average estimate of 45,000 alligator snapping turtles, average lower 
bound of 15,000, and average upper bound of 210,000, and an average 60% 
confidence from the experts that the true value is between the bounds of their 
individual estimates (i.e., the 60% confidence level does not apply to the average 
bounds, but describes on average how confident the experts were for this analysis 
unit). 

Current Threats and Conservation Actions 

Threats in this analysis unit include: 
● Incidental hooking, which is estimated to affect 45% of the species’ range in 

this unit (two experts responding, average bounds between 20 and 80%, 
average 70% expert confidence that the true value lies within their specified 
bounds). 

● Illegal harvest, which is estimated to affect 38% of the species’ range in this 
unit (two experts responding, average bounds between 28 and 60%, average 
63% expert confidence that the true value lies within their specified bounds). 

● Nest predation, which is estimated to affect 61% of the species’ range in this 
unit (three experts responding, average bounds between 55 and 70%, average 
61% expert confidence that the true value lies within their specified bounds). 

● Habitat alteration from siltation, desnagging, dredging, impoundments, and 
unregulated water use, and alteration of nesting habitat was also identified as a 
threat to populations in this unit. 

Throughout this entire analysis unit, alligator snapping turtles are protected at the 
state level with no legal harvest. 

Figure 30. Apalachicola Analysis Unit. 
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Comparison with Historical Range 

In this analysis unit, there are no confirmed changes in the species’ range (Figure 31). 
While there are not historical or recent occurrence records from every county, there is 
no evidence that the species has been extirpated from these areas, and the lack of 
records could be from lack of surveys. 

Figure 31.  Historical and current distribution of alligator snapping turtles in the 
Apalachicola Analysis Unit. 

4.7 Current Condition Overall Results 

In this section, we summarize the above results to describe the current resilience, 
redundancy, and representation for alligator snapping turtles. 

4.7.1 Current Resilience 

As noted before, abundance is our measure for current resilience, with information about 
current threats and distribution serving as auxiliary information. 

Estimates of abundance across analysis units range from a high of 200,000 alligator snapping 
turtles in the Alabama Unit to a low of 212.5 turtles in the Northern Mississippi – East Unit 
(Figure 32).  Both the Northern Mississippi – East and Northern Mississippi – West Units, at 
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the northern reaches of the species’ range, have estimated abundances orders of magnitude 
smaller than most of the more southerly units. These northern units have also experienced 
more range contraction and local extirpation than more southern units. 

Range-wide the abundance of alligator snapping turtles is estimated to be between 68,154 
and 1,436,825 (a range of 1,368,671). This enormous range in the estimated abundance 
illustrates the very high degree of uncertainty that exists in abundances at local sites and the 
ability to extrapolate local abundance estimates to a much broader spatial scale. Within these 
bounds, the most likely estimate of range-wide alligator snapping turtle abundance is 361,213 
turtles, with 55% of these occurring in the Alabama Analysis Unit. 

Just as there are scarce data to estimate current abundances, there is little information with 
which to make rigorous comparisons between current and historical abundances. Dramatic 
population depletions occurred in Louisiana, Alabama, Georgia, the Florida panhandle, and 
elsewhere in the range during the 1960s and 1970s, but information about the magnitude of 
the changes come from anecdotal observations by trappers (Pritchard 1989, p. 74, 76, 80, 83). 
Since that time, harvest has been banned in a large portion of the species’ range (all states 
except Louisiana and Mississippi). There are limited data available describing how 
populations have responded to reduced harvest pressure. Population dynamics in Georgia, 
Arkansas, and Oklahoma were modeled using relatively recent survival rates (i.e., from 
mark-recapture studies conducted during the late 1990s-2010s; Folt et al. 2016, p. 28). 
Results from these models suggest that the population in Spring Creek, Georgia, has been 
growing, but those in East Fork Cadron Creek, Arkansas (data from Howey et al. 2013), and 
Big Vian Creek, Oklahoma (data from East et al. 2013) are still in decline. Twenty-two 
years after commercial harvest ended, surveys conducted during 2014 and 2015 in Georgia’s 
Flint River revealed no significant change in abundance since 1989 surveys (King et al. 2016, 
p. 583). A similar study in Missouri and Arkansas detected population declines between the 
initial survey period in 1993-1994 and repeat surveys in 2009 over a decade after state-level 
protections were implemented (Lescher et al. 2013, p. 163-164). However, an additional 
study in Arkansas spanning 20 years, documented an increase in abundance of both adult 
male and female alligator snapping turtles within Salado Creek (Trauth et al. 2016, p. 242). 
At Sequoyah National Wildlife Refuge in Oklahoma, an alligator snapping turtle population 
declined between 1997-2001 and 2010-2011 (Ligon et al. 2012, p. 40). 
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Figure 32.  Estimated abundance of alligator snapping turtles in each analysis unit.  Y-axis 
zoomed in on right.  Darker bars show higher confidence of species experts in their 
estimates, and the number of experts that provided estimates for each unit is indicated in 
parentheses.  Though the bars cannot easily be seen in the zoomed in graph on the right, there 
was 67-83% expert confidence in abundance estimates in the North MS - East Unit and 50-
67% expert confidence in abundance estimates in the North MS - West and Suwannee Units. 
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Figure 33 displays the spatial extent of different threats across the analysis units. Alligator 
snapping turtles range wide are believed to be exposed to the threat of incidental hooking on 
recreational trot and limb lines, with estimates of the percentage of turtles exposed to the 
threat ranging from 45% to 80%, with the exception of the North Mississippi – East Analysis 
Unit, where incidental hooking is not a significant threat. We received very little information 
about the extent of the threat of commercial fishing bycatch, suggesting either that this is not 
believed to be a significant threat, or that there is too much uncertainty in the extent of the 
threat for the experts to provide useful estimates. Legal harvest is limited to Louisiana and 
Mississippi, so this threat, despite its large potential impact on demography, is spatially 
limited to the analysis units in which those two states occur. There is wide variation in the 
estimated prevalence of illegal harvest across the species’ range, with the highest estimates in 
the analysis units where legal harvest is also present. Estimates of the extent of nest 
predation vary and are estimated to be lowest in the Southern Mississippi – West and 
Northern Mississippi – West Units (both 30%), with the highest extents in the remaining five 
analysis units (61-94%). 

In Table 3, we have listed the analysis units in descending order of resilience, where 
resilience is measured by the estimated current abundance. Because analysis units do not 
correspond with biological populations, we do not make any statements about what 
abundance might constitute a “viable” or “highly resilient” population size; the actual 
grouping of these estimated turtles into populations in unknown. Also, the analysis units 
chosen for this assessment vary in size and are not directly related to biological populations, 
and abundance within a unit is influenced by the size of the unit. In order to control for the 
size of units, we also calculated a density of alligator snapping turtles, reported in Table 3 as 
the number of turtles per 1,000 hectares of open water in the unit (as delineated by the 2016 
National Land Cover Database; Yang et al. 2018, entire). Note that these are rough densities 
meant only to correct abundances for analysis unit size so that units can be more 
appropriately compared relative to each other; they are not intended to serve as actual 
estimates of density in alligator snapping turtle habitat. Because of the variation in analysis 
unit size and limitations in calculating true densities of alligator snapping turtles within units, 
we refrain from leaning heavily on comparisons of abundance or density between analysis 
units to summarize resilience other than to highlight general patterns. Resilience increases 
with abundance and density; where there are more individuals, populations will have a 
greater ability to withstand stochastic demographic and environmental events. Thus, 
resilience is highest in the core of the species’ range, lowest in the northern-most analysis 
units at the edge of the range. 

While we caution against leaning too heavily on comparisons of current abundance or 
density between populations because of high uncertainty contained in the information that 
generated the estimates, these values are the best information currently available and will 
serve as useful baseline conditions against which to compare future resilience in the next 
chapter of this SSA. 
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Table 3. Analysis units listed in descending order of estimated abundance (most likely 
estimate from expert elicitations) and densities expressed as estimated abundance per 1,000 
hectares of open water in each unit. Analysis units are highlighted where over 50% of 
alligator snapping turtles are exposed to harvest or over 50% of nests are exposed to nest 
predation by subsidized or non-native predators. Where the range of the species is 
contracting, the states experiencing the losses are noted. 

Analysis Unit 
Estimated 

Abundance 

Abundance/ 
1,000 hectares 
Open Water Substantial Threats* 

Range 
Contraction 

Alabama 200,000 616.9 

1) Adult harvest (Legal & 
Illegal) 
2) Nest Predation 
3) Incidental Hooking/Hook 
Ingestion 

Western 50,500 139.3 1) Nest Predation 

South MS - East 50,000 55.3 
1) Adult harvest (Legal & 
Illegal) 
2) Nest Predation 

TN 

Apalachicola 45,000 281.3 1) Nest Predation 

South MS -
West 15,000 30.2 1) Incidental Hooking/ 

Hook Ingestion 
KS, possibly 
OK 

North MS -
West 500 4.7 1) Incidental Hooking/ 

Hook Ingestion 
KS 

North MS - East 212.5 1.0 1) Nest Predation IL, TN, KY, 
MO 

*“Substantial” threats here refer to those threats estimated to reduce survival rates of an age class by 8% or 
more (see Figure 16 in Section 4.5.2): legal and illegal harvest reduce adult survival and nest predation reduces 
nest survival. To be listed for any given analysis unit, the substantial threat must be estimated to be impacting 
>50% of the alligator snapping turtles in the unit. 

4.7.2 Current Representation 

Representation refers to the breadth of diversity within and among populations of a species, 
which allow it to adapt to changing environmental conditions. Because of how we delineated 
analysis units (rather than biological populations that we could not delineate), there are only 
one or two analysis units in each representative unit. Because of this mismatch in scale 
between analysis units and biological populations, we present representation here both in 
terms of analysis units and abundance (Table 4), under the assumption that representative 
units with higher abundances will be more able to contribute to future adaptation than those 
with lower abundances. 

No representative units have been lost compared to the historical distribution. The Northern 
Mississippi Representative Unit, which adds diversity in life history strategies within the 
species, currently has very low abundance within its two constituent analysis units relative to 
the other representative units, with an estimated 712.5 alligator snapping turtles total and a 
shrinking range. However, alligator snapping turtles in Illinois have been introduced from 
Southern Mississippi breeding stock, diluting the presence of unique genetic characteristics 
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in the Northern Mississippi Representative Unit. The representative units within the core of 
the species’ range, which also contain only one or two analysis units each, are estimated to 
support at least 45,000 alligator snapping turtles. 

Table 4. Representative units listed in descending order of estimated abundance. Where the 
range of the species is contracting, the states that have experienced losses are noted. 

Representative Unit 
Number Analysis 

Units 

Estimated 
Abundance 

(Most Likely) Range Contraction 

Alabama 1 200,000 

Southern MS 2 65,000 TN, KS, possibly OK 

Western 1 49,500 

Apalachicola 1 45,000 

Northern MS 2 712.5 KS, IL, TN, KY, MO 

4.7.3 Current Redundancy 

Redundancy refers to the number and distribution of resilient populations across a species’ 
range, which provides protection for the species against catastrophic events that impact entire 
populations. We delineated seven analysis units across the species’ range (Figure 14), and 
none have been lost compared to the historical distribution. As described above, each 
representative unit contains one or two analysis units (Table 4). 

Though the number of analysis units has not changed, redundancy for alligator snapping 
turtles has been reduced in terms of the distribution within analysis units, with range 
contractions in the northern portions of the species’ range (Oklahoma, Kansas, Missouri, 
Illinois, Kentucky, and Tennessee; Figure 34). Within the core of their range however, 
alligator snapping turtles still seem to be widely distributed, though there are many gaps in 
the spatial extent of surveys. While the distribution of the species still encompasses much of 
its historical range, resilience within that range has decreased, largely from historical harvest 
pressures. With the range contractions and decreases in abundance, the Northern Mississippi 
– East Analysis Unit has decreased in resilience such that it is not a robust contributor to 
redundancy (only 212.5 estimated abundance, influenced largely by introductions). 
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Figure 34.  Historical and current alligator snapping turtle and Suwannee snapping turtle 
distribution by county or parish.  Unknown status can be caused by a lack of recent surveys 
to detect turtles where they likely still exist (especially in core of the species’ range), or can 
represent counties or parishes where the species has been searched for and not detected, and 
may be absent, but there is still a chance that the species persists there undetected. 

A table with the information used to generate Figure 34, the current and historical status of 
each county within the alligator snapping turtle and Suwannee snapping turtle range, can be 
found in Appendix D.  To summarize, of 422 counties that were historically occupied by 
alligator snapping turtles, 278 are still occupied, 124 have unknown status, and 20 are not 
occupied.  Of 155 counties with an unknown historical status, 39 are currently occupied, 107 
have unknown status, and 9 are not occupied.  Seven counties that were not historically 
occupied currently have unknown status. 

This concludes the assessment of the current condition of alligator snapping turtles across 
their range. In the next section, we continue to use the expert-elicited information about the 
extent and magnitude of threats to the species to forecast their condition into the future. 
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4.8 Summary of Population and Species Needs and Current Condition 

In order to determine the representation across the range of the species, we used a tiered 
approach (first using genetics and then life history and ecology) and delineated five 
representative units: Western, Southern Mississippi, Northern Mississippi, Alabama, and 
Apalachicola. Subdivision of representative units into analysis units was based primarily on 
Hydrologic Unit Code (HUC) 2 watershed boundaries. In creating analysis units, we strived 
to balance the needs to a) have units small enough to be able to capture the variation in the 
condition of the species (e.g., abundance, threats) across its range, while also b) retaining 
units large enough that species experts would be able to summarize information about the 
condition of the species for every unit. 

Current Resilience 

To assess the current condition of alligator snapping turtles, information was gathered from 
species experts about current abundance (our measure of resilience), current threats, and a 
comparison of the current and historical distribution. Estimates of abundance across analysis 
units range from a high of 200,000 alligator snapping turtles in the Alabama Unit to a low of 
212.5 turtles in the Northern Mississippi – East Unit. Both the Northern Mississippi – East 
and Northern Mississippi – West Units, at the northern reaches of the species’ range, have 
estimated abundances that are orders of magnitude smaller than most of the more southerly 
units. These northern units have also experienced more range contraction and local 
extirpation than more southern units. Among the southern units, the Suwannee Analysis Unit 
on the far eastern portion of the species’ range has the lowest abundance. 

Range wide, the abundance of alligator snapping turtles is estimated to be between 68,154 
and 1,435,825 alligator snapping turtles (a range of 1,368,671). This enormous range in the 
estimated abundance illustrates the very high degree of uncertainty that exists in abundances 
at local sites and the ability to extrapolate local abundance estimates to a much broader 
spatial scale. Within these bounds, the most likely estimate of range-wide alligator snapping 
turtle abundance is 361,213 turtles, with 55% of these occurring in the Alabama Analysis 
Unit. 

Alligator snapping turtles range-wide are believed to be exposed to the threat of incidental 
hooking on recreational trot and limb lines, with estimates of the percentage of turtles 
exposed to the threat ranging from 45% to 80% except for the North Mississippi – East 
Analysis Unit, where incidental hooking is not a significant threat. We received very little 
information about the extent of the threat of commercial fishing bycatch, suggesting either 
that this is not believed to be a significant threat or too much uncertainty exists in the extent 
of the threat for the experts to provide useful estimates. Legal harvest is limited to Louisiana 
and Mississippi, so this threat, despite its large potential impact on demography, is spatially 
limited to the analysis units in which those two states occur. There is wide variation in the 
estimated prevalence of illegal harvest across the species’ range, with the highest estimates in 
the analysis units where legal harvest is also present. Estimates of the extent of nest 
predation vary and are estimated to be lowest in the Southern Mississippi – West and 
Northern Mississippi – West Units (both 30%), with the highest extents in the remaining five 
analysis units (61-94%). 
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Because of the variation in analysis unit size and limitations in calculating true densities of 
alligator snapping turtles within units, we refrained from leaning heavily on comparisons of 
abundance or density between analysis units to summarize resilience other than to highlight 
general patterns. Resilience increases with abundance and density; where there are more 
individuals, populations will have a greater ability to withstand stochastic demographic and 
environmental events. Thus, resilience is highest in the core of the species’ range and lowest 
in the northern-most analysis units at the edge of the range. While we caution against 
leaning too heavily on comparisons of current abundance or density between populations 
because of high uncertainty contained in the information that generated the estimates, these 
values will serve as useful baseline conditions against which to compare future resilience in 
the next chapter of this SSA. 

Current Representation 

No representative units, which each contain one or two analysis units, have been lost 
compared to the historical distribution. The Northern Mississippi Representative Unit, which 
adds diversity in life history strategies within the species, currently has very low abundance 
within its two constituent analysis units relative to the other representative units, with an 
estimated a total of 712.5 alligator snapping turtles and a shrinking range. This 
representative unit supports an estimated abundance of only 2,000 turtles. The representative 
units within the core of the species’ range, which also contain only one or two analysis units 
each, are estimated to support at least 45,000 alligator snapping turtles. 

Current Redundancy 

The species has experienced range contractions in the northern portions of its range 
(Oklahoma, Kansas, Missouri, Illinois, Kentucky, and Tennessee). Within the core of the 
range, however, alligator snapping turtles still seem to be widely distributed, though there are 
many gaps in the spatial extent of surveys. While the distribution of the species still 
encompasses much of its historical range, resilience within that range has decreased, largely 
from historical harvest pressures. The Northern Mississippi – East Analysis Unit has 
decreased in resilience, but can only have limited contributions to redundancy given 
currently estimated abundance (only 212.5 estimated abundance, influenced largely by 
introductions). While range contractions have occurred within various states, the species 
presently occurs in all historically known states, except Indiana and Kansas, where its 
persistence is unconfirmed. 

CHAPTER 5 – FUTURE CONDITIONS AND VIABILITY 

In this chapter, we describe the methods used to project alligator snapping turtle populations 
into the future under different plausible scenarios, then summarize the results in terms of 
resilience, redundancy, and representation. Sections 5.1 and 5.2 contain a summary of the 
modeling methods and results – a more detailed technical report can be found in Appendix E. 

5.1 Future Projection Model 

We constructed a female-only, stage-structured matrix population model (Caswell 2001, p. 
33) to project alligator snapping turtle population dynamics over annual time steps for 50 
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cundity = Breeding females x clutch size x nest survival x 
nest success x proportion female hatchlings x hatchling 
annual survival 

u 

Probability of transitioning = 
j uvenile annual survival x 
probability of becoming 
adult 

u 
Probability of remaining a j uvenile= 
j uvenile annual survival x 

Probability of remaining an 
adult= adult annual survival 

probability of not becoming adult 

years in each analysis unit.  We based our model on the peer reviewed and published model 
in Folt et al. (2016, p. 24) and updated the model to reflect the appropriate structure of matrix 
population models (Kendall et al. 2019, p. 33) and to better support the needs of the SSA.  
Our conceptual model of the alligator snapping turtle life cycle (Figure 35) upon which the 
model was based used a pre-breeding census structure with two life stages: juveniles 
included individuals ≥1 year-old that had not reached reproductive maturity, and adults 
included mature, breeding individuals.  Because of the pre-breeding census structure, 
hatchlings were not included as a distinct life stage, but hatchling production and survival 
were incorporated into adult fecundity in the model.  For each annual time step, individuals 
in the juvenile stage that survived the year could either remain a juvenile or transition to the 
adult stage. Individuals in the adult stage that survived the year could contribute to breeding.  
This quantitative model incorporated demographic rates extracted from the literature as well 
as expert elicitation for adult survival, juvenile survival, hatchling survival, proportion of 
juveniles that recruit into the adult stage, fecundity, proportion of females that breed 
annually, proportion of hatchlings that are female, clutch size, nest survival, and nest success 
(as described in the next section).  This model was run for 50 annual time steps.  This time 
frame was chosen because it reflected a time period in which existing threats and 
environmental conditions were likely to remain relevant, and patterns in the output were 
apparent within less than 50 years (i.e., no additional information was gained by running the 
model for a longer period of time). 

Figure 35. Alligator snapping turtle life cycle diagram for a female only two-stage pre-
breeding matrix model.  The open circles represent the two life stages, juveniles (immature 
individuals) and adults (breeding individuals).  At each time step, juveniles can remain in 
their current stage, which is the product of juvenile survival and one minus the annual 
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proportion of juveniles that recruit to the adult stage class. Alternatively, juveniles may 
transition to the adult stage with probability defined by the product juvenile survival and the 
annual proportion of juveniles that recruit to the adult stage class. Adults represent the 
terminal stage, therefore the probability that an individual remains in this stage is simply 
their annual survival probability. The arc shows the adult fecundity contribution, the number 
of juvenile females produced by each adult alligator snapping turtle annually. Adult 
fecundity is the combined product of the annual probability that an adult female breeds, 
clutch size, the proportion of nests in which one egg hatches (i.e., nest survival), the 
proportion of eggs from which a hatchling emerges in surviving nests (i.e., nest success), the 
proportion of female hatchlings, and hatchling survival from nest emergence to one year of 
age. The quantities used for each of the demographic parameters and their sources are given 
in Table 5. 

5.1.1 Model Parameterization 

The population model was parameterized (i.e., values input into the model) using 
demographic information pulled from literature on alligator snapping turtles or the closely 
related common snapping turtle, with information gaps filled in using expert elicitation 
(further details about how values were derived in Appendix E). When possible, we selected 
demographic parameters from reference populations that had minimal exposure to threats, 
meaning their parameter estimates were a closer approximation of the parameter’s “true” 
value and less impacted by the effects of threats and stressors. We incorporated stochasticity 
(i.e., randomness, particularly due to annual variation or uncertainty) into our modeling 
framework by modeling each demographic parameter as a draw from a statistical distribution 
based on the parameter’s mean and sampling standard deviation. These random draws were 
performed within a simulation framework that contained two nested loops: an inner loop that 
specified the number of annual time steps to project forward (50 years) and an outer loop that 
specified the number of times to replicate the 50-year loop (500 iterations). Final results 
were then compiled and summarized from all 500 iterations of the 50-year model, which 
varied between iterations because of the stochastic elements in the model. 
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Table 5. Summary of data sources used to parameterize the demographic population model 
for alligator snapping turtles. The Sampling Variance column reflects the amount of 
variation in the parameter’s mean value (μ) attributed to sampling error, and is equal to 
μ×(1−μ)×0.10, with the exception of the clutch size demographic parameter. The Process 
Variance column reflects the temporal fluctuation in a parameter due to demographic or 
environmental stochasticity, and was set to (Sampling Variance)×0.05 for all parameters. 

Demographic Mean Sampling Process 
𝟐𝟐) 𝟐𝟐) Source Source Location Parametera,b (μ) Var. (𝜎𝜎𝑺𝑺 Var. (𝜎𝜎𝑷𝑷 

Juvenile survival (except 0.860 0.02772 0.010532 Folt et al. 2016 Spring Creek, Georgia Northern Mississippi - East Unit) 
Juvenile survival Northern 

Mississippi - East Unit 0.730 0.03542 0.010822 Dreslik et al. 2017 Illinois 

Juvenile to adult transition 
probability 0.020 0.01112 0.008892 Tucker and Sloan 1997 Louisiana 

Adult survival 0.950 0.01742 0.009692 Folt et al. 2016 Spring Creek, Georgia 
Proportion of females that 

breed annually 0.980 0.01122 0.008942 Dobie 1971 Southern Louisiana 

Clutch Size 33.200 10.00002 5.000002 Weighted averageb; Folt et al. 
2016 (SD) Multiple 

Nest survival 0.130 0.02692 0.010372 Ewert et al. 2006 Lower Apalachicola 
River, Florida 

Nest success 0.723 0.03582 0.010972 Ewert et al. 2006 Lower Apalachicola 
River, Florida 

Proportion of female 
hatchlings 0.500 0.04002 0.010902 Expert opinion – 

Hatchling survival to one 
year 0.150 0.02852 0.010602 Expert opinion – 

aDemographic parameter mean, sampling variance, and process variance values apply to all 
modeled analysis units with the exception of juvenile survival (φJ), which used different 
values for the Northern Mississippi – East Unit. 
bMean clutch size (CS) was derived using a weighted mean across multiple studies, using the 
sample size (number of nests) from each study as weights. Full details are given in Table E2. 
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Table 6. Threat-specific percent reductions (mean ± standard deviation) to alligator 
snapping turtle survival parameters, derived from remote expert elicitation among a team of 
taxon experts. These quantities were assumed to remain constant across the alligator 
snapping turtle’s range, meaning that the percent reduction attributed to a specific threat was 
not assumed to vary among analysis units, though the proportion of the population exposed 
to a particular threat within an analysis unit may vary. The mean values contained within 
each cell represent the percent reductions under the “expert-elicited threat” scenarios, with or 
without conservation actions; these means were reduced or increased by 25% for the 
“decreased threat” and “increased threat” scenarios, respectively. 

Subsidized Commercial Recreational Hook Illegal Nest Bycatch Bycatch Ingestion Collection Predators 
Hatchling 
Survival 

0.0001 ± 
0.0007 – – 0.0047 ± 

0.0028 – 

Juvenile Survival 0.0403 ± 
0.0258 

0.0579 ± 
0.0205 

0.0615 ± 
0.0195 

0.0565 ± 
0.0191 – 

Adult Survival 0.0630 ± 
0.0361 

0.0741 ± 
0.0351 

0.0824 ± 
0.0322 

0.1947 ± 
0.0625 – 

Nest Survival – – – 0.0110 ± 
0.01167 

0.6075 ± 
0.1154 

We used expert elicitation, as described in Section 4.5 of this report, to inform model 
parameters related to initial abundance, habitat loss mechanisms, the spatial extent of threats, 
and expected reductions to survival rates in response to specific threats. Expert responses 
included a minimum, maximum, and most likely estimate for numerical values, as well as the 
percent confidence of the respondent that the true value was between the minimum and 
maximum (Speirs-Bridge et al. 2010, p. 515). The most likely, minimum, and maximum 
values were used to back-calculate a distribution for each expert response, assumed to be a 
normal (bell curve) distribution, with a mean value and a measure of error. The mean and 
error values from each expert were combined into a weighted average, with each response 
weighted by the percent confidence of the expert in their response (more details in Appendix 
E). 

During the expert elicitation process, we asked all participants to provide an estimate of total 
abundance within their analysis unit(s) of expertise and to clarify which sex or age classes 
(hatchlings, juveniles, adults) their estimate included. We then combined the responses 
across experts and initialized the starting abundance for each analysis unit assuming a stable 
stage distribution. However, except for the Northern Mississippi – East Unit, the expert-
elicited abundance estimates included hatchlings, which were not included as a stage class in 
our model due to the pre-breeding census structure. For the purposes of initializing 
abundance in the remaining units, we re-formulated our projection model to reflect a 
postbreeding census structure with three stages (hatchlings, juveniles, adults) and multiplied 
the proportion of hatchlings at stable stage by the expert-elicited total abundance estimates to 
obtain the expected initial abundance of juveniles and adults only. We then created a series 
of stochastic variables to generate stage-specific initial abundances that were unique to each 
analysis unit, scenario, and iteration combination (See Appendix E for more details). 
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5.1.2 Model Scenarios 

We projected future conditions for alligator snapping turtles under six different scenarios, 
across which the levels of threats and conservation actions varied. Species experts identified 
six primary potential threats that were likely to reduce stage-specific survival probabilities 
(Table 6): commercial fishing bycatch (influenced hatchling, juvenile, and adult survival), 
recreational fishing bycatch (influenced juvenile and adult survival), hook ingestion 
(influenced juvenile and adult survival), legal collection (influenced hatchling, juvenile, and 
adult survival), illegal collection (i.e., poaching; influenced hatchling, juvenile, and adult 
survival), and subsidized nest predators (influenced nest survival). The baseline nest survival 
value that we used (Table 5) was based on a study in which 40 of 46 nests (87%) were 
depredated by raccoons (Procyon lotor; Ewert et al. 2006, p. 67). Therefore the subsidized 
nest predator effect was meant to reflect additional threats to nest survival, such as 
depredation of emerging neonates from fire ants (Solenopsis spp.). 

In the expert elicitation questionnaire, we asked the respondents to provide the following 
threat-related quantities: percent reduction to stage-specific survival rates attributed to each 
threat and the spatial extent of each threat within their analysis unit(s) of expertise. Thus, 
reductions to survival rates attributed to each threat were assumed to be the same across all 
analysis units, though the spatial extent of each threat (i.e., the proportion of the alligator 
snapping turtles exposed to the threat) varied among analysis units. For example, ingesting a 
fishing hook would be expected to produce the same percent reduction in survival across the 
entire range, though the probability that an individual alligator snapping turtle encounters 
that threat would vary among analysis units. As such, we determined that legal collection 
likely violated this assumption, as regulations for legal AST collection differed among states 
(LDFW 2019a, MFWP 2019, websites). Therefore, we decided to model the effects of legal 
collection as a direct reduction in juvenile and adult abundances (see Legal Collection 
section in Appendix E) that varied across analysis units, rather than a reduction to 
demographic parameters. For each analysis unit, we calculated threat-adjusted survival rates, 
accounting for reductions in stage-specific survival rates resulting from the percent reduction 
in survival expected from a given threat multiplied by the spatial extent of the threat, for each 
threat occurring in a given analysis unit. Lastly, to reflect spatial heterogeneity in threat 
occurrence and overlap within each analysis unit, we calculated a weighted average of each 
survival parameter, based on the probable occurrence and overlap of all possible threat 
combinations (see Threat Weighted Survival Estimates section in Appendix E). 

We built scenarios around the potential uncertainty regarding a) the magnitude of the impact 
of threats on survival rates and b) the presence or absence of conservation actions. First, we 
defined three different “threat levels” by adjusting the demographic effect of each threat 
(percent reduction in stage-specific survival) up and down 25% relative to the compiled 
expert elicitation responses. The only exceptions to this structure, in addition to legal 
collection mentioned in the previous paragraph, was subsidized nest predators, in which the 
percent reduction to nest survival remained the same across all threat levels. These three 
levels reflect that there was a great deal of uncertainty in the impact that each threat has on 
survival rates, and allowed us to explore what the future condition might be if the mean 
estimates of threat magnitude either under- or overestimated the true impacts by 25%. 

Next, we defined conservation action either as absent or present in the future. Where present, 
conservation action was modeled to reduce the spatial extent of threats (proportion of 
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analysis unit exposed to threat) by 25%. This led to six different scenarios of expert-elicited 
threats, decreased threats, or high threats, with conservation action absent or present (Table 
7). For example, the Decreased Threats + scenario reduced survival rate impacts by 25% 
and decreased the spatial extent of threats by 25%, relative to the mean expert-elicited 
quantities. Conservation actions that could decrease the spatial extent of threats include but 
are not limited to: increased enforcement or law enforcement presence to reduce poaching or 
bycatch on illegally set trot or limb lines, increasing the size of protected areas that prohibit 
recreational fishing or certain gear (e.g., trotlines, hoopnets), additional harvest restrictions in 
some areas, and management actions that reduce the densities of nest predators.  The actual 
amount that any of these actions would influence the prevalence of threats will depend on 
factors like the time, money, personnel, and conservation partners available, but we selected 
a 25% reduction to explore how much a change of that amount affected future population 
dynamics. 

For this report, scenarios with conservation actions present are indicated with a “+” (e.g., 
Expert-Elicited Threats + ). Specific scenario names will be capitalized (e.g., Decreased 
Threats, Decreased Threats +), but threat levels will be in lowercase when we refer to both 
scenarios of a given threat level (e.g., decreased threats scenarios). 

Table 7. Description of six future scenarios modeled for alligator snapping turtles for each 
analysis unit. Scenario names are given in quotation marks. Reductions or increases in value 
were in relation to the expert-elicited values. Threats manipulated across scenarios in this 
way included recreational and commercial bycatch, hook ingestion, and illegal collection. 

Conservation Absent Conservation Present 
Decreased “Decreased Threats” “Decreased Threats + ” 
Threat 
Magnitude ● Impact of threats: Reduced 25% 

● Spatial extent of threats: 
Expert-elicited 

● Impact of threats: Reduced 25% 

● Spatial extent of threats: 
Reduced 25% 

Expert-Elicited “Expert-Elicited Threats” “Expert-Elicited Threats + ” 
Threat 
Magnitude ● Impact of threats: Expert-elicited 

● Spatial extent of threats: 
Expert-elicited 

● Impact of threats: Expert-elicited 

● Spatial extent of threats: 
Reduced 25% 

Increased “Increased Threats” “Increased Threats + ” 
Threat 
Magnitude ● Impact of threats: Reduced 25% 

● Spatial extent of threats: 
Expert-elicited 

● Impact of threats: Increased 25% 

● Spatial extent of threats: 
Reduced 25% 
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Note that the threat level scenarios (expert-elicited, decreased, increased) varied in the 
magnitude of the impact of threats on survival where they occur, reflecting uncertainty in 
their true values. Conversely, the conservation scenarios (absent or present) varied in the 
spatial extent (the proportion of the population within the analysis unit exposed to the threat) 
of threats rather than their magnitude. For example, in either Expert-Elicited Threats 
scenario, the survival rate where recreational bycatch occurs is expected to remain the same 
whether conservation actions are present or absent, but in the Expert-Elicited Threats + 
scenario, the spatial extent of any given analysis unit exposed to recreational bycatch was 
reduced by 25% compared to the non-conservation scenario. Also note that only the means 
for survival rate impacts and spatial extent of threats, and not the standard deviations, were 
adjusted across the different scenarios. 

Our modeling framework incorporated three effects believed to influence alligator snapping 
turtle demography that were not incorporated into scenarios as described above: legal 
collection, head-start and adult releases, and habitat loss. Unlike the threat-specific 
reductions in survival rates, these effects were consistent across all future condition 
scenarios, though they were subject to stochastic variation among iterations and time steps. 
Legal collection and release effects were applied directly to the stage-specific abundances at 
the beginning of each time step, whereas the effect of habitat loss was incorporated into the 
adult fecundity element in the transition matrix where its effect depended on total abundance. 

Legal Collection 

Regulations for legal collection differ among states, which did not align with analysis units 
(LDFW 2019a, website; MFWP 2019, website). Therefore, we decided to model the effects 
of legal collection as an annual reduction in abundance that varied across analysis units, 
rather than a reduction in survival rates. Collection of alligator snapping turtles is legal only 
in Mississippi and Louisiana. Legal collection in Mississippi was not incorporated into the 
model because the harvest restrictions ( > 61 cm carapace length) functionally exclude 
females, which typically do not exceed 50 cm in carapace length (Folt et al. 2016, p. 24), and 
thus would have had no effect on our female-only population model. In Louisiana, current 
regulations allow for any angler with a freshwater fishing license to take one alligator 
snapping turtle of any size per day (LDWF 2019b, website). Within our modeling 
framework, we restricted the effects of legal collection to the two modeled analysis units that 
overlapped geographically with Louisiana: Southern Mississippi – East and Alabama. The 
annual reduction in abundance due to legal collection in these analysis units was based on 
using freshwater fishing license and specialty permit sales for wire traps and hoopnets (often 
used to catch turtles) from 2012-2017 as an index of take (LDWF 2019b, website), and the 
proportion of each analysis unit that overlapped Louisiana (See Appendix E for more details 
on how license and permit data were used). 

Head-Starts and Adult Releases 

Several states within the alligator snapping turtle’s range have initiated head start release 
programs, in which alligator snapping turtles are raised for several years in captivity and then 
released into the wild population as juveniles (Dreslik et al. 2017, p. 13). Similarly, states 
also opportunistically release adult alligator snapping turtles confiscated from illegal 
activities (e.g., poaching) into wild populations. We included juvenile and adult releases 
within the model, though only for the first ten time steps within an iteration, to avoid having 

SSA Report – Alligator Snapping Turtle 66 March 2021 



 

     

 
   

  
     

 
  

 
 

 
 

 
   

  

   
 

 
 

   
   

 
   

   
 

 
 

 
 

    
 

 
   

   
  

    
 

 
  

    
   

 

   
 

 
  

alligator snapping turtle population persistence be contingent on head start activities (i.e., 
conservation-dependent). We parameterized the releases in the model based on statistics 
from Illinois described in Dreslik et al. (2017, p. 13; juvenile females: ~30 individuals/year, 
adult females: ~12). The mean number of releases did not vary among analysis units or 
scenarios, but because of the uncertainty and variability in the simulations, the specific value 
drawn for each year in each unit in each iteration varied. Specifically, for the first ten time 
steps of each iteration, the number of released juveniles and adults were drawn from Poisson 
distributions. 

Habitat Loss 

We asked the species expert team to list habitat loss mechanisms within their analysis unit(s) 
of expertise. After adjusting for linguistic differences among responses (e.g., “desnagging” 
and “removal of large woody debris” were two answers that reflected the same mechanism), 
we summarized the number of unique habitat loss mechanisms within each analysis unit and 
calculated the mean across experts. We imposed a population ceiling (i.e., carrying capacity) 
that was annually reduced by a habitat loss rate, which equaled the mean number of unique 
threats in the unit, divided by 100. The initial population ceiling was determined based on 
the summarized expert elicitation values for the maximum possible number of alligator 
snapping turtles currently within the analysis unit, after adjusting for sex ratios and presence 
of hatchlings in the estimate. Thus, the population ceiling for each analysis unit at each time 
step was calculated deterministically and was not subject to stochastic variation across 
simulation iterations. To incorporate the effects of habitat loss on alligator snapping turtle 
demography within the model, we included a function that set adult fecundity to zero if total 
abundance (juveniles and adults) in any time step exceeded the population ceiling. While 
this function was included in the model, abundances were so far below population ceilings 
that the effect of habitat loss did not have an impact on modeling results (See Appendix E 
Figure 13). 

5.1.3 Model Structure Summary, Limitations, Model Validation, and Sensitivity Analysis 

Values for alligator snapping turtle initial abundances, demographic parameters, threats, and 
conservation measures were acquired from the literature and expert elicitation, as well as 
measures of error or uncertainty that were also incorporated into the stochastic model 
structure. For each analysis unit, at each annual time step, abundances of juveniles and 
adults were estimated based on a) baseline (minimal threats) demographic rates, b) changes 
in stage-specific survival rates due to the magnitude and spatial extent of threats in the 
analysis unit, c) reductions in abundance if legal collection is present in the unit, d) increases 
in abundance resulting from releases of juveniles and adults for the first 10 time steps, and e) 
a constantly declining population ceiling imposed by habitat loss and associated decline in 
adult fecundity if the population ceiling is exceeded. Of the five elements listed, only b), 
changes in survival rates in response to threats, varied across the six defined scenarios. For 
each analysis unit and scenario, this model structure was repeated for 50 annual time steps, 
and each 50-year stochastic projection was then repeated 500 times to generate summary 
statistics and predictions about the future condition of alligator snapping turtles. 

Before we move on to present the modeling results, we must address the limitations of this 
model to keep in mind when interpreting the results. The precision and accuracy of model 
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outputs depend heavily on the precision and accuracy of the information going into a model. 
In the case of the alligator snapping turtle, there is a large amount of uncertainty in the 
information that went into the model, including estimates of current abundance, age class 
proportions, impact of threats on stage-specific demographic rates, spatial extent of threats, 
and variability of these metrics across and within analysis units. We relied heavily on expert 
elicitation to obtain these values. Wherever possible, the uncertainty in these values was 
incorporated into the model structure itself, but others we were unable to address; for 
example the assumptions we had to make that baseline demographic rates are largely uniform 
across the range of the species. Future modeling efforts would be greatly improved with 
further study into these aspects of alligator snapping turtle biology, demography, response to 
and prevalence of threats, and how these vary across the range of the species. 

We also acknowledge an ongoing concern raised with regard to the model used herein, is that 
it does not match the published estimates of population growth for the Folt et al. (2016, 
entire) model and conflicts with the perceived stability of AST populations from some catch-
per-unit-effort studies for this species. As for validating model inputs, for several parameters, 
especially population threats as noted above had to rely on expert elicitation rather than data 
analysis or published literature. Furthermore, estimates of variance for many elicited 
parameters were small, suggesting that the experts generally agreed with each other, even 
though they the values were elicited independently from each expert. 

For validating model predictions, the first thing to note is that the Folt et al. (2016, p. 23) 
paper primarily studied AST in an isolated area with little or no illegal collection, bycatch, or 
hook ingestion threats. The original formulation of the Folt model had multiple errors in the 
timing of abundance accounting (pre- vs post- breeding census) and in the juvenile to adult 
transition parameter (Caswell 2001, Kendall et al., 2019), and mis-specified (under-
estimated) the variance for multiple parameters. Correcting those errors changed the 
prediction form a population that was growing 3% annually to one that was declining 3% 
annually. The modeling effort used in the SSA further modified the (corrected) Folt baseline 
model to account for dispersal of juveniles. Direct estimation of dispersal requires that mark-
recapture data be collected according intensive study designs such as Pollock’s robust design 
(Pollock et al., 1982, entire, Kendall et al., 1997, entire), which has not been applied to field 
studies of AST or closely related species. This modification (upward adjustment of the 
Juvenile survival parameter by 5%; Table E1) restored the threat-free, baseline population 
trajectory predictions to stability for all units except Northern Mississippi–East (Figure E12). 
Dispersal is more likely among the juvenile age class compared to adults, but no estimates of 
this parameter were available from mark recapture studies, so reincorporating these factors 
into the projection model seemed sensible.  

An additional component of Folt et al. (2016) evaluated population status and trajectories for 
a population in Arkansas and one on a wildlife refuge in Oklahoma, where several of these 
threats are present, and the authors predicted rapid declines for those populations based on 
estimated demographic rates at those sites. These results in the published literature match 
fairly well with predicted trajectories for populations exposed to threats in the model. For 
example, in their simulation modeling, Steen and Robinson (2017, p. 1338) found that hook 
ingestion alone caused alligator snapping turtle populations that were increasing to reverse 
the predicted trend and decline by >50% in 30 years. Furthermore, since the completion of 
our work on the AST SSA report (RTM Version 1.0, October 2019), Ethan Kessler 
completed a PVA model for AST in southern Illinois (within the Northern Mississippi – East 
analysis unit) for his dissertation (Kessler, 2020). Radio telemetry was used to directly 
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estimate true survival (i.e. survival probability is not biased low due to emigration or 
dispersal) and growth rates for AST populations (and the benefits of head starting and captive 
release programs). Kessler combined the parameters estimated from his study with 
productivity values from the peer reviewed literature into a PVA and reported a population 
growth rate (λ) of 0.95 (Kessler 2020, pg. 126) which is identical to the mean asymptotic 
population growth rates that we estimated for the Northern Mississippi – East unit across all 
scenarios (Table E6). Further, Kessler’s analysis identified several of the same threats 
(especially recreational fishing bycatch), that were incorporated into the modeling used in the 
SSA, as key factors for future abundance and population growth rates. Of note, Kessler 
reported a catastrophic recreational bycatch incident in which a local resident illegally set a 
hoopnet and abandoned the device due to a sustained flooding event that limited trap 
accessibility. The abandoned hoopnet trapped and eventually drowned six adult and subadult 
alligator snapping turtles, including two individuals with radio transmitters (Kessler, personal 
communication). Kessler reports that the introduced population exhibits unstable 
demography and that reintroduction efforts are likely to fail unless bycatch can be reduced 
(Kessler 2020, pg. 116). It is not possible to fully validate model predictions from any single 
predictive model, but three independent models with similar results may bolster confidence 
in model predictions provided in the SSA. 

Modelers also conducted additional model output sensitivity analyses using a regression-
based approach to link realized lambda (year to year population change in the simulation 
output) to the stochastically generated threat levels and demographic rates each year.  The 
regression analysis treats the realized lambda as the dependent variable and the stochastically 
drawn annual values of survival and each threat as independent variable in regression 
models. The effect (strength) of each parameter and threat can be assessed and compared 
using the regression slope estimates and model selection analysis to identify the most 
influential effects on population growth.  This analysis concluded that the illegal collection 
impacts on adult survival and its spatial extent has the greatest effect on population growth in 
our model followed by hook ingestion impacts on adult survival and recreational fishing 
bycatch impacts on adult survival (Table E10).  Each of these three threats are modeled as 
percent reductions in adult and juvenile survival, as well as the proportion of the population 
exposed to the threat, thus the results of this regression analysis match the Eigen elasticity 
analysis and expectations for this analysis, given long-lived species life history. Experts 
believed that illegal collection caused up to a 19.5% reduction in survival (Table E3) and that 
it affected a minimum of 30% of the population in all regions except Northern Mississippi– 
East (Table E4). Given the magnitude and spatial extent of this threat, it is not surprising that 
it has the greatest effect on realized lambda in the model. 

Lastly, legal collection of AST is permitted in Mississippi and Louisiana. Therefore, the 
effects of legal harvest were not included in lambda regression sensitivity analysis (in which 
all analysis units were pooled) because it only occurs in the analysis units that overlap with 
Louisiana. During the SSA model building process, we originally elicited the spatial extent 
and magnitude of legal collection from the expert team to implement the effect as a reduction 
in survival (as done for other threats such as commercial or recreational bycatch). However, 
we realized that the magnitude of reduction on survival attributed to legal collection likely 
varied across states due to the differences in policy/take limits: size restrictions in Mississippi 
(AST < 24 in. carapace length are protected) effectively prohibit the legal collection of 
females, whereas one AST of any size can be legally collected per day in Louisiana.. 
Therefore, we modeled legal collection as a direct reduction to abundance. Louisiana does 
not collect data regarding legal collection of turtle species, therefore, we used an index based 
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on the annual number of freshwater fishing permits sold in Louisiana from 2010-2017 (Eq. 5 
in Appendix E). To provide additional clarification, we ran an alternative set of scenarios that 
omitted legal harvest for the Southern Mississippi–East and Alabama analysis units (that 
overlap with Louisiana), and compared them against the model output in the SSA (Table 
E11). Note that with the exception of Table E11, all other output in the SSA contains the 
effects of legal harvest in these units. In general, the probability of quasi-extinction (pQX) was 
insensitive to the inclusion of legal collection for both analysis units, though the probability 
of extinction was slightly reduced for the Alabama analysis unit. 

5.2 Future Condition Results by Analysis Unit 

We derived a series of summary statistics to evaluate alligator snapping turtle trends in 
abundance and evaluate potential variation among analysis units and alternate scenarios. 
Here we define an extirpation event as the total population (juveniles + adults) declining to 
zero individuals, whereas a decline to less than 5% of the starting population size was 
considered quasi-extirpation. For each analysis unit and scenario combination, we estimated 
extirpation and quasi-extirpation probabilities by calculating the proportion of iterations in 
which the population reached those thresholds (calculated elasticity values and stable stage 
distributions can be found in Appendix E). For the iterations in which abundance reached 
extirpation or quasi-extirpation, we estimated the mean number of years until the population 
reached the specified threshold. Additionally, we generated the asymptotic population 
growth rate (λ) for each of the analysis unit/scenario combinations. A λ value of 1 indicates 
stability, while values greater than 1 indicate growth, and values less than 1 indicate decline. 
Probabilities of extirpation or quasi-extirpation are discussed in this document using 
guidance from the Intergovernmental Panel on Climate Change about how to describe 
uncertainty (Table 8; Mastrandrea et al. 2011, p. 680). In the written summaries below for 
each analysis unit, we highlight the time to extirpation or quasi-extirpation only for those 
scenarios where extirpation or quasi-extirpation were at least about as likely as not to occur 
(at least 33% probability). 

Table 8. Guidance from the Intergovernmental Panel on Climate Change about how to 
describe uncertainty (Mastrandrea et al. 2011, p. 680). 
Term Likelihood of the Outcome 
Virtually certain 99-100% probability 
Very likely 90-100% probability 
Likely 66-100% probability 
About as likely as not 33-66% probability 
Unlikely 0-33% probability 
Very unlikely 0-10% probability 
Exceptional unlikely 0-1% probability 

5.2.1 Southern Mississippi – East Analysis Unit 

Alligator snapping turtle abundances in the Southern Mississippi – East Analysis Unit were 
predicted to decline over the next 50 years in all scenarios (Figure 36). Predicted declines 
were more rapid the higher the threat level and were slightly mediated by conservation 
actions (mean λ = 0.85, 0.81, and 0.78 respectively for Decreased Threat, Expert-Elicited 
Threat, and Increased Threat scenarios, and mean λ = 0.87, 0.85, and 0.82 respectively for 
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Decreased Threat +, Expert-Elicited Threat +, and Increased Threat + scenarios; Appendix E 
Table E6).  Compared to initial abundances, after the first 10 years of the simulation, mean 
abundance was predicted to decline by 76-82% under decreased threats scenarios, 83-88% 
under expert-elicited threats scenarios, and 87-92% under increased threats scenarios. 
Halfway through the simulation, after 25 years, mean abundance was predicted to decline by 
95-100% compared to initial abundance across all six scenarios (See Appendix E for mean 
abundances at 5-year intervals throughout the entire 50-year simulation). 

Figure 36.  Simulated alligator snapping turtle total abundance (females only, adults and 
juveniles) over a 50-year period within the Southern Mississippi – East Analysis Unit.  The 
curved lines depict the mean abundance trajectory across 500 stochastic simulations and the 
shaded areas reflect the 95% confidence intervals (CI). The panels indicate the scenario’s 
threat level: decreased, expert-elicited, or increased.  The scenarios with and without 
conservation actions for each threat level overlap and cannot be distinguished in this figure.  
The analysis unit-specific quasi-extirpation threshold (5% of initial abundance) is shown by 
the thin horizontal line. 

Though abundance declined in all scenarios, the probability of extirpation within 50 years 
depended heavily on the threat levels and presence or absence of conservation actions. 
Without conservation, the species was unlikely to be extirpated in this unit within 50 years 
under the Decreased Threat scenario, likely to be extirpated under the Expert-Elicited Threat 
scenario, and very likely to become extirpated under the Increased Threat scenario.  With 
conservation, the species was exceptionally unlikely to be extirpated under the Decreased 
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Threat + scenario, very unlikely to be extirpated under the Expert-Elicited Threat + scenario, 
and about as likely as not to be extirpated under the Increased Threat + scenario. In scenarios 
where extirpation was at least as likely as not to occur, extirpation occurred on average after 
41-47 years (Table 9). While the likelihood that the species will become completely extinct 
varied by scenario, quasi-extirpation where abundances fell below 5% of current levels was 
virtually certain in all scenarios. Predicted time to quasi-extirpation averaged 18-21 years 
under the decreased threats scenarios, 15-18 years under the expert-elicited threats scenarios, 
and 13-16 years under the increased threats scenarios, with the lower bound of each range 
predicted when conservation actions were present. 

Table 9. Probability and time to extirpation and quasi-extirpation for alligator snapping 
turtles in the Southern Mississippi – East Analysis Unit. The six scenarios included three 
different threat levels (decreased, expert-elicited, and increased), with conservation action 
absent (TH) or present (TH+). For each scenario, we calculated the probability of extirpation 
(Prob Ext) and quasi-extirpation (Prob Q-Ext) as the proportion of the 500 replicates in 
which the total population (adults and juveniles) declined to zero or less than 5% of the 
starting population size, respectively. For only those replicates in which the population 
reached extirpation or quasi-extirpation, we then calculated the mean number of years until 
those thresholds were reached, (Time to Ext and Time to Q-Ext, respectively). Mean 
quantities and their standard deviations are listed with the range (minimum and maximum 
quantity observed across all replicates) given in parentheses. An asterisk (*) indicates only a 
single simulation crossed the threshold, precluding a standard deviation calculation. 

Threat Prob Ext Time to Ext Prob Q-Ext Time to Q-Ext 
Level TH TH+ TH TH+ TH TH+ TH TH+ 

Decreased 0.434 0.058 
47.46 ± 3.05 49.45 ± 1.92 1.0 1.0 17.69 ± 2.40 20.9 ± 

3.34 
(41,53) (43, 51) (11, 29) (14, 35) 

Expert-
Elicited 0.950 0.476 

43.33 ± 3.97 

(32, 51) 

47.49 ± 2.84 

(39, 51) 

1.0 1.0 14.89 ± 1.75 

(10, 22) 

17.74 ± 
2.34 

(12, 26) 

Increased 0.998 0.856 38.07 ± 3.37 44.92 ± 3.87 1.0 1.0 12.97 ± 1.39 15.74 ± 
1.98 

(30, 49) (33, 51) (9, 18) (11, 25) 

5.2.2 Northern Mississippi – East Analysis Unit 

Alligator snapping turtle abundances in the Northern Mississippi – East Analysis Unit were 
predicted to increase for the next decade, but then decline over the next 50 years in all 
scenarios (Figure 37). Predicted declines were consistent across scenarios mean λ = 0.95 for 
all scenarios with and without conservation; Appendix E Table E6). Compared to initial 
abundances, after the first 10 years of the simulation, mean abundance was predicted to 
increase by at least 200% across every scenario. By halfway through the simulation after 25 
years, mean abundances were predicted to fall but still remain over 32% higher than initial 
abundances. By the end of the 50-year simulation however, abundances were predicted to 
decline by 47-51% compared to initial abundances in the scenarios without conservation 
actions, and 44-48% in the scenarios with conservation actions (See Appendix E for mean 
abundances at each time step). 
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Figure 37.  Simulated alligator snapping turtle total abundance (females only, adults and 
juveniles) over a 50-year period within the Northern Mississippi – East Analysis Unit.  The 
curved lines depict the mean abundance trajectory across 500 stochastic simulations and the 
shaded areas reflect the 95% confidence intervals (CI). The panels indicate the scenario’s 
threat level: decreased, expert-elicited, or increased. Solid lines represent trajectories with 
conservation action absent, while dashed lines represent trajectories with conservation 
actions present.  The analysis unit-specific quasi-extirpation threshold (5% of initial 
abundance) is shown by the thin horizontal line. 

Though abundance eventually declined in all scenarios after initial increases, the species was 
exceptionally unlikely to very unlikely to be extirpated in this unit within 50 years under any 
modeled scenario (Table 10).  Quasi-extirpation was similarly very unlikely to occur in any 
scenario. 
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Table 10. Probability and time to extirpation and quasi-extirpation for alligator snapping 
turtles in the Northern Mississippi – East Analysis Unit. The six scenarios included three 
different threat levels (decreased, expert-elicited, and increased), with conservation action 
absent (TH) or present (TH+). For each scenario, we calculated the probability of extirpation 
(Prob Ext) and quasi-extirpation (Prob Q-Ext) as the proportion of the 500 replicates in 
which the total population (adults and juveniles) declined to zero or less than 5% of the 
starting population size, respectively. For only those replicates in which the population 
reached extirpation or quasi-extirpation, we then calculated the mean number of years until 
those thresholds were reached, (Time to Ext and Time to Q-Ext, respectively). Mean 
quantities and their standard deviations are listed with the range (minimum and maximum 
quantity observed across all replicates) given in parentheses. Dashes (–) indicate that no 
simulation reached the extirpation or quasi-extirpation threshold, meaning that tEX or tQX 
were not calculated, whereas an asterisk (*) indicates only a single simulation crossed the 
threshold, precluding a standard deviation calculation. 

Threat Prob Ext Time to Ext Prob Q-Ext Time to Q-Ext 
Level TH TH+ TH TH+ TH TH+ TH TH+ 

Decreased 0 0 – – 0.020 0.038 45.90 ± 4.01 48.21 ± 
2.90 

(38, 51) (42, 51) 

Expert-
Elicited 

0 0.002 – 51.00 ± * 
(51, 51) 

0.016 0.036 48.00 ± 4.11 

(39, 51) 

46.72 ± 
3.39 

(39, 51) 

Increased 0 0 – – 0.024 0.020 45.42 ± 3.42 46.60 ± 
2.50 

(41, 51) (42, 50) 

5.2.3 Alabama Analysis Unit 

Alligator snapping turtle abundances in the Alabama Analysis Unit were predicted to decline 
over the next 50 years in all scenarios (Figure 38). Predicted declines were more rapid the 
higher the threat level and were slightly mediated by conservation actions (mean λ = 0.83, 
0.78, and 0.75 respectively for Decreased Threat, Expert-Elicited Threat, and Increased 
Threat scenarios, and mean λ = 0.86, 0.82, and 0.79 respectively for Decreased Threat +, 
Expert-Elicited Threat +, and Increased Threat + scenarios; Appendix E Table E6). 
Compared to initial abundances, after the first 10 years of the simulation, mean abundance 
was predicted to decline by 75-83% under decreased threat scenarios, 83-90% under expert-
elicited threat scenarios, and 88-93% under increased threat scenarios. Halfway through the 
simulation, after 25 years, mean abundance was predicted to decline by 97-100% compared 
to initial abundance across all six scenarios, with declines of 100% after 50 years (See for 
mean abundances at each time step). 
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Figure 38.  Simulated alligator snapping turtle total abundance (females only, adults and 
juveniles) over a 50-year period within the Alabama Analysis Unit.  The curved lines depict 
the mean abundance trajectory across 500 stochastic simulations and the shaded areas reflect 
the 95% confidence intervals (CI).  The panels indicate the scenario’s threat level: low, 
moderate, or high.  The scenarios with and without conservation actions for each threat level 
overlap and cannot be distinguished in this figure.  The analysis unit-specific quasi-
extirpation threshold (5% of initial abundance) is shown by the thin horizontal line. 

Though abundance declined in all scenarios, the probability of extirpation within 50 years 
depended heavily on the threat levels and presence or absence of conservation actions.  
Without conservation, the species was unlikely to be extirpated in this unit within 50 years 
under the Decreased Threat scenario, likely to be extirpated under the Expert-Elicited Threat 
scenario, and virtually certain to become extirpated under the Increased Threat scenario.  
With conservation, the species was exceptionally unlikely to be extirpated under the 
Decreased Threat + scenario, unlikely to be extirpated under the Expert-Elicited Threat + 
scenario, and about as likely as not to be extirpated under the Increased Threat + scenario. In 
scenarios where extirpation was at least as likely as not to occur, extirpation occurred on 
average after 40-47 years (Table 11).  While the likelihood that the species will become 
completely extinct varied by scenario, quasi-extirpation where abundances fell below 5% of 
current levels was virtually certain in all scenarios. Predicted time to quasi-extirpation 
averaged 18-22 years under the decreased threats scenarios, 14-18 years under the expert-
elicited threats scenarios, and 12-15 years under the increased threats scenarios, with the 
lower bound of each range predicted when conservation actions were present. 
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Table 11. Probability and time to extirpation and quasi-extirpation for alligator snapping 
turtles in the Alabama Analysis Unit. The six scenarios included three different threat levels 
(decreased, expert-elicited, and increased), with conservation action absent (TH) or present 
(TH+). For each scenario, we calculated the probability of extirpation (Prob Ext) and quasi-
extirpation (Prob Q-Ext) as the proportion of the 500 replicates in which the total population 
(adults and juveniles) declined to zero or less than 5% of the starting population size, 
respectively. For only those replicates in which the population reached extirpation or quasi-
extirpation, we then calculated the mean number of years until those thresholds were 
reached, (Time to Ext and Time to Q-Ext, respectively.) Mean quantities and their standard 
deviations are listed with the range (minimum and maximum quantity observed across all 
replicates) given in parentheses. An asterisk (*) indicates only a single simulation crossed 
the threshold, precluding a standard deviation calculation. 

Threat Prob Ext Time to Ext Prob Q-Ext Time to Q-Ext 
Level TH TH+ TH TH+ TH TH+ TH TH+ 

Decreased 0.130 0.002 48.91 ± 2.09 51 ± * 1.0 1.0 
17.68 ± 

2.27 
22.84 ± 

3.20 
(43, 51) (51, 51) (12, 29) (14, 33) 

Expert-
Elicited 0.846 0.114 45.64 ± 3.36 

(36, 51) 

49.14 ± 
2.23 

(40, 51) 
1.0 1.0 

14.20 ± 1.6 

(10, 20) 

17.91 ± 
2.27 

(13, 26) 

Increased 1.0 0.658 
40.19 ± 3.47 47.21 ± 

2.76 1.0 1.0 
12.11 ± 

1.35 
15.11 ± 

1.72 
(30, 51) (40, 51) (8, 16) (12, 23) 

5.2.4 Apalachicola Analysis Unit 

Alligator snapping turtle abundances in the Apalachicola Analysis Unit were predicted to 
decline over the next 50 years in all scenarios (Figure 39). Predicted declines were more 
rapid the higher the threat level and were slightly mediated by conservation actions (mean λ 
= 0.87, 0.84, and 0.81 respectively for Decreased Threat, Expert-Elicited Threat, and 
Increased Threat scenarios, and mean λ = 0.90, 0.87, and 0.85 respectively for Decreased 
Threat +, Expert-Elicited Threat +, and Increased Threat + scenarios; Appendix E Table E6). 
Compared to initial abundances, after the first 10 years of the simulation, mean abundance 
was predicted to decline by 55-64% under decreased threats scenarios, 65-74% under expert-
elicited threats scenarios, and 72-82% under increased threats scenarios. Halfway through 
the simulation after 25 years, mean abundance was predicted to decline by 90-99% compared 
to initial abundance across all six scenarios, and were predicted to decline by 99-100% after 
50 years in all scenarios (See Appendix E for mean abundances at each time step). 
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Figure 39.  Simulated alligator snapping turtle total abundance (females only, adults and 
juveniles) over a 50-year period within the Apalachicola Analysis Unit.  The curved lines 
depict the mean abundance trajectory across 500 stochastic simulations and the shaded areas 
reflect the 95% confidence intervals (CI). The panels indicate the scenario’s threat level: 
low, moderate, or high.  The scenarios with and without conservation actions for each threat 
level overlap and cannot be distinguished in this figure.  The analysis unit-specific quasi-
extirpation threshold (5% of initial abundance) is shown by the thin horizontal dotted line. 

Though abundance declined in all scenarios, the probability of extirpation within 50 years 
depended heavily on the threat levels and presence or absence of conservation actions.  
Without conservation, the species was exceptionally unlikely to be extirpated in this unit 
within 50 years under the Decreased Threat scenario, unlikely to be extirpated under the 
Expert-Elicited Threat scenario, and likely to become extirpated under the Increased Threat 
scenario. With conservation, the species was exceptionally unlikely to be extirpated under 
the Decreased Threat + scenario and the Expert-Elicited Threat + scenario, and very unlikely 
to be extirpated under the Increased Threat + scenario. In scenarios where extirpation was at 
least as likely as not to occur, extirpation occurred on average after 47 years (Table 12). 
While the likelihood that the species will become completely extinct varied by scenario, 
quasi-extirpation where abundances fell below 5% of current levels was very likely to 
virtually certain to occur within 50 years in all scenarios.  Predicted time to quasi-extirpation 
was similar across scenarios, averaging 45-48 years depending on the scenario. 
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Table 12. Probability and time to extirpation and quasi-extirpation for alligator snapping 
turtles in the Apalachicola Analysis Unit. The six scenarios included three different threat 
levels (decreased, expert-elicited, and increased), with conservation action absent (TH) or 
present (TH+). For each scenario, we calculated the probability of extirpation (Prob Ext) and 
quasi-extirpation (Prob Q-Ext) as the proportion of the 500 replicates in which the total 
population (adults and juveniles) declined to zero or less than 5% of the starting population 
size, respectively. For only those replicates in which the population reached extirpation or 
quasi-extirpation, we then calculated the mean number of years until those thresholds were 
reached, (Time to Ext and Time to Q-Ext, respectively.) Mean quantities and their standard 
deviations are listed with the range (minimum and maximum quantity observed across all 
replicates) given in parentheses. Dashes (–) indicate that no simulation reached the 
extirpation or quasi-extirpation threshold. 

Threat Prob Ext Time to Ext Prob Q-Ext Time to Q-Ext 
Level TH TH+ TH TH+ TH TH+ TH TH+ 

49.5 ± 
Decreased 0.004 0 0.71 

(49, 50) 

Expert-
Elicited 0.124 0.006 

49.02 ± 
2.05 

(44, 51) 

Increased 0.660 0.052 46.82 ± 
3.15 

33.11 ± – 
0.990 0.980 6.09 

(19, 51) 
50.67 ± 26.28 ± 

0.58 1.0 1.0 4.65 
(50, 51) (16, 47) 
48.92 ± 21.21 ±1.0 1.01.94 3.25 

32.44 ± 
6.1 

(20, 51) 
32.04 ± 

5.79 
(18, 51) 
26.22 ± 

4.75 

5.2.5 Western, Southern Mississippi – West, and Northern Mississippi – West Analysis 
Units 

The Western, Southern Mississippi – West, and Northern Mississippi – West analysis units 
were not included in the future simulation modeling because we did not have adequate input 
data to do so. However, we have no evidence that alligator snapping turtle demographic 
trends in response to threats in these analysis units would behave dramatically different from 
the range of analysis units that we did model. While we do not have precise abundance 
estimates in the future or probabilities of extirpation or quasi-extirpation, it is likely that 
alligator snapping turtles in these analysis units will decline along similar trajectories as the 
modeled analysis units, meaning they face a high likelihood of quasi-extirpation within the 
next 50 years. 

5.3 Future Condition Overall Results 

In this section we summarize the above analysis unit results to describe the future resilience, 
redundancy, and representation for alligator snapping turtles. 

5.3.1 Future Resilience 

Resilience is expected to drastically decline across all analysis units under all scenarios. We 
modeled scenarios that reflected uncertainty in the impact of threats on alligator snapping 
turtle demography, and all threat levels (decreased, expert-elicited, and increased) produced 
mean growth rates (λ) indicating population decline. Predicted abundances were likely to 
very likely to virtually certain to drop below 5% of current abundances within 50 years under 
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all scenarios in the Southern Mississippi – East, Alabama, and Apalachicola analysis units 
(Table 13). The only analysis unit for which quasi-extirpation was not consistently likely 
was the Northern Mississippi – East Analysis Unit. Though the risk of quasi-extirpation was 
lower in this analysis unit than the others, this was in part an artefact of the way that quasi-
extirpation thresholds were defined, as a percentage of the initial abundance. In terms of raw 
abundance, the Northern Mississippi – East analysis unit was predicted on average to support 
fewer than 51 female alligator snapping turtles (as we used a female-only demographic 
model) with or without conservation actions. Thus, even though quasi-extirpation risks were 
lower than other analysis units, the predicted abundances for this unit still indicate that 
alligator snapping turtles will become very rare or disappear from this analysis unit. 

Time to quasi-extirpation varied across analysis units and scenarios, but in general, the first 
analysis unit likely to reach the quasi-extirpation threshold was the Alabama Unit (12-22 
years), followed by the Southern Mississippi – East Unit (after an average of 14-25 years 
depending on the scenario), the Apalachicola Unit (21-33 years), and finally the Northern 
Mississippi – East Unit where quasi-extirpation was not likely. 

Table 13. Summary of quasi-extirpation probabilities for all alligator snapping turtle 
Analysis Units across all six future scenarios. 
Analysis Unit Conservation Absent Conservation Present 

Threat Level Decreased Expert-
Elicited 

Increased Decreased Expert-
Elicited 

Increased 

Southern 
Mississippi – East 

1.0 1.0 1.0 1.0 1.0 1.0 

Northern 
Mississippi – East 

0.02 0.02 0.02 0.04 0.04 0.02 

Alabama 1.0 1.0 1.0 1.0 1.0 1.0 
Apalachicola 0.99 1.0 1.0 0.98 1.0 1.0 

After 50 years, the mean female abundance in any given analysis unit was not predicted to 
exceed 133 individuals in any scenario (Figure 40).  As we did for the current condition, we 
scaled future predicted abundances (after 25 years and after 50 years of the simulation) to the 
area of open water in each analysis unit to aid in comparing abundances among units of 
different sizes (Table 14). 
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Table 14. Initial and final projected alligator snapping turtle abundances expressed as raw 
abundances and scaled to 1,000 hectares of open water in each modeled analysis unit. For 
final abundances, we included in this table only the more optimistic decreased threats 
scenario (averaged across both conservation scenarios); final abundances for expert-elicited 
and increased threats scenarios were lower. Note that initial abundances are not equal to 
those reported in the current conditions section because the initial abundances used in the 
simulation model a) were generated from 500 draws per scenario/analysis unit combination 
from a probability distribution that incorporated uncertainty surrounding current abundance, 
and b) included females only, while current condition abundances included males and 
females. 

Analysis Unit 

Initial 
Mean 

Abundance 

Per 
1,000 ha 

Open 
Water 

25-Year 
Mean 

Abundance 
- Decreased 

Threats 

Per 
1,000 

ha 
Open 
Water 

50-Year 
Mean 

Abundance 
- Decreased 

Threats 

Per 1,000 
ha Open 
Water 

Alabama 56,648 174.7 1,101 3.4 24 0.1 

Apalachicola 14,419 90.1 1,138 7.1 84 0.5 

South MS – 
East 14,188 15.7 476 0.5 17 <0.1 

North MS – 
East 93 0.4 127 0.6 49 0.2 

Resilience refers to the ability of populations (or in our case analysis units as we are unable 
to delineate populations with currently available information) to withstand stochastic 
disturbances (e.g., demographic, environmental stochasticity). Abundance is central to 
resilience, as small populations are more vulnerable to perturbations than larger populations. 
We compiled the best information available about alligator snapping turtles, their 
demographic rates, and threats, and the resulting simulation model predicted dramatic 
declines in abundance, and thus resilience, over the next 50 years across all analysis units. 
Abundances in nearly every analysis unit were predicted to decline by more than 95%, 
resulting in drastically lowered abilities of alligator snapping turtle populations within 
analysis units to withstand stochastic events, if alligator snapping turtle populations persist at 
all. 
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Figure 40. Initial and final projected alligator snapping turtle abundances with standard 
deviations (zoomed in on right panel).  The four modeled analysis units are shown (ALAB = 
Alabama, APAL = Apalachicola, NOME = Northern Mississippi – East, SOME = Southern 
Mississippi – East), with initial female-only abundances in blue, and final abundances after 
5- years under Decreased (DE), Expert-Elicited (EE), and Increased (IN) threats scenarios. 
Within each threat level, scenarios with and without conservation actions were averaged 
together for this figure.  Note that initial abundances are not equal to those reported in the 
current conditions section because the initial abundances used in the simulation model a) 
were generated from 500 draws per scenario/analysis unit combination from a probability 
distribution that incorporated uncertainty surrounding current abundance, and b) included 
females only, while current condition abundances included males and females. 
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To provide additional clarification regarding model results, model sensitivity analysis, indicated 
that the population growth rate (lambda) and other model outputs, were most sensitive to changes in 
adult and juvenile survival parameters (Table E7).  In developing the model, modelers used an 
elasticity analysis rather than a “sensitivity” analysis because the output from an elasticity analyses 
are more easily interpreted. Elasticity analysis (essentially measuring the percent change in lambda, 
or any other output metric, relative to percent changes in the input demographic rates (Caswell, 
2001)), concluded that even very small changes in the adult survival rate could lead to large changes 
in predicted lambda and future abundance. Most of the threats that the Core Team identified (hook 
ingestion, illegal collection, etc.) were factors that affect adult or juvenile survival, and so large 
changes in population growth and predicted future abundance are expected to occur when those 
effects are incorporated into the model. For example, experts indicated that hook ingestion was likely 
to negatively affect adult survival and could cause an up to 8% decline in survival rate (Table E3) in 
areas where trotline and other fishing was permitted, dropping survival from 95% to 87% (0.95 x (1-
0.08)). That one threat alone changes the trajectory of the population from stable or increasing to 
rapidly declining. Adding additional threats on top of hook ingestion, leads to precipitous predicted 
declines and very high extinction probability. 

5.3.2 Future Representation 

Future representation, referring to the ability of the species to adapt to changing 
environmental conditions over time, is similarly predicted to decline rapidly as alligator 
snapping turtles in every representative unit decline in abundance to quasi-extirpation or true 
extirpation (Table 15). The loss of alligator snapping turtles across all representative units 
would represent losses in genetic diversity (3 broad genetic lineages), life history diversity 
along a north-south gradient, and finer scale genetic differences among drainages within the 
larger genetic lineages. 
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Table 15. Initial and final projected alligator snapping turtle abundances in each 
representative unit. For final abundances, we included only the more optimistic decreased 
threats scenario (averaged across both conservation scenarios); final abundances for expert-
elicited and increased threats scenarios were lower. Note that initial abundances are not 
equal to those reported in the current conditions section because the initial abundances used 
in the simulation model a) were generated from 500 draws per scenario/analysis unit 
combination from a probability distribution that incorporated uncertainty surrounding current 
abundance, and b) included females only, while current condition abundances included males 
and females. 

Representative 
Unit 

# Analysis 
Units 

Modeled / 
Total # 

Analysis 
Units 

Initial Mean 
Abundancea 

25-Year Mean 
Abundance -

Decreased 
Threats 

50-Year Mean 
Abundance -

Decreased 
Threats 

Alabama 1 / 1 56,648 1,101 24 

Southern MS 1 / 2 14,188 476 17 

Western 0 / 1 Not modeled Not modeled Not modeled 

Apalachicola 1 / 1 14,419 1,138 84 

Northern MS 1 / 2 93 127 49 

Total 5 / 8 86,510 7,952 838 
a Initial abundance only shown for those analysis units that were modeled. 

5.3.3 Future Redundancy 

Future redundancy, or the ability to withstand catastrophic events, for alligator snapping 
turtles is expected to decline drastically over the next 50 years. Our future simulation model 
operated at the scale of the analysis unit, and was limited to the units for which we had 
sufficient data, so we cannot provide precise predictions about which states or counties are 
most likely to lose or retain alligator snapping turtle biological populations in the future. At 
the analysis unit scale however, all units were predicted to lose resilience at such a high rate 
that no redundancy of resilient populations or analysis units is expected to remain across the 
landscape (See Table 15 above, where each representative unit is equal to one of the 5 
modeled analysis units). Where alligator snapping turtles persist in the future, they are 
predicted to be rare and not found in resilient groupings. Analysis units were predicted to 
reach quasi-extirpation thresholds in some cases within the next two decades, with more units 
becoming quasi-extirpated each decade after that. The addition of conservation actions, or 
different assumptions about the impact of threats on alligator snapping turtle demography 
altered the time to quasi-extirpation by about a decade at most, typically less. No scenarios 
resulted in stable or increasing redundancy within representative units or range-wide. 

5.4 Summary of Future Conditions and Viability 

For the alligator snapping turtle to maintain viability, it needs to have resilient populations 
that are able to withstand stochastic events and maintain ecological and genetic diversity, 
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which will help preserve the breadth of adaptive capacity of the species. In addition, the 
populations need to be spread across its range in a way that reduces the chance that a 
catastrophic event is not likely to lead to the species extinction. 

Resilience for all analysis units is expected to decline drastically across all analysis units 
under all scenarios. We modeled scenarios that reflected uncertainty in the impact of threats 
on alligator snapping turtle demography, and all scenarios produced mean growth rates 
indicating population decline. With the exception of the Northern Mississippi – East Unit, all 
other analysis units were predicted to be quasi-extirpated within 50 years with a probability 
of over 98%. Though the risk of quasi-extirpation was lower in the Northern Mississippi – 
East Unit than the others, the predicted abundances for this unit were still low, fewer than 51 
female turtles, and still indicate that alligator snapping turtles will become very rare or 
disappear from this analysis unit. 

Time to quasi-extirpation varied across analysis units and scenarios, but in general, the first 
analysis unit likely to reach the quasi-extirpation threshold was the Alabama Unit (12-22 
years), followed by the Southern Mississippi – East Unit (after an average of 14-25 years 
depending on the scenario), the Apalachicola Unit (21-33 years), and finally the Northern 
Mississippi – East Unit where quasi-extirpation was not likely. 

The Western, Southern Mississippi – West, and Northern Mississippi – West analysis units 
were not included in the futures simulation modeling because we did not have adequate input 
data to do so. However, we have no evidence that alligator snapping turtle demographic 
trends in response to threats in these analysis units would be dramatically different from the 
range of analysis units that were modeled, therefore, it is likely that alligator snapping turtles 
in these analysis units will decline along similar trajectories as the modeled analysis units. 

Future representation, referring to the ability of the species to adapt to changing 
environmental conditions over time, is similarly predicted to decline rapidly as alligator 
snapping turtles in every representative unit decline in abundance to quasi-extirpation or true 
extirpation. The loss of alligator snapping turtles across all representative units would 
represent losses in genetic diversity (3 broad genetic lineages), life history diversity along a 
north-south gradient, and finer scale genetic differences among drainages within the larger 
genetic lineages. 

Future redundancy, or the ability to withstand catastrophic events, for alligator snapping 
turtles is expected to decline drastically over the next 50 years. Our future simulation model 
operated at the scale on the analysis unit, so we cannot provide precise predictions about 
what states or counties are most likely to lose or retain alligator snapping turtles in the future. 
At the analysis unit scale however, all units were predicted to lose resilience at such a high 
rate that redundancy is not expected to remain across the landscape. Where alligator 
snapping turtles persist in the future, they are likely to be rare and not found in resilient 
groupings. Analysis units were predicted to reach quasi-extirpation thresholds in some cases 
within the next two decades, with more units becoming quasi-extirpated each decade after 
that within our 50-year modeling time frame. The addition of conservation actions, or 
different assumptions about the impact of threats on alligator snapping turtle demography 
altered the time to quasi-extirpation by about a decade at most, typically less. No scenarios 
resulted in stable or increasing redundancy. 
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This concludes our assessment of alligator snapping turtle needs, current condition, and 
future condition. It is apparent that based on the current state of knowledge, alligator 
snapping turtles are predicted to decline in abundance and range. However, the current 
state of knowledge for this species is full of uncertainty. This assessment should be updated 
as new information becomes available, and in particular can be strengthened with further 
study into population delineations, abundance and occupancy, variation in demographic 
rates across the range of the species, the impacts of threats on demography, and prevalence 
of threats across the landscape. 
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APPENDIX A – Alligator Snapping Turtle Suitable Habitat 

Spatial analysis of the Alligator Snapping Turtle range was performed to determine the 
extent of suitable habitats available and the amount of lands in conservation. 

The lands in conservation analysis was accomplished using the USGS Protected Areas 
Database (PAD-US, https://www.usgs.gov/core-science-systems/science-analytics-and-
synthesis/gap/science/protected-areas) as the baseline dataset. It was compared for accuracy 
against the U.S. Forest Service land ownership data (https://data.fs.usda.gov/geodata/), the 
U.S. Fish & Wildlife Service Cadastral Data (https://www.fws.gov/gis/index.html) and other 
in-house datasets.  Spatial accuracy and analysis were performed for all datasets using ESRI 
ArcGIS Pro 2.4.1.  Acre summaries were calculated for each Analysis Unit and presented 
into federal, state, local and private ownership categories. 

Suitable habitats were determined using the 2016 National Land Cover Data 
(https://www.mrlc.gov/). Three landcover classes were identified as suitable habitat; 
emergent herbaceuous wetlands, open water and woody wetlands.  Analysis units were 
buffered to clip data past unit boundaries, land cover data was converted from raster to vector 
for accurate acreage calculations then data were intersected/clipped to individual analysis 
units for acreage summaries. 

Figure A1.  Suitable alligator snapping turtle habitat within the range of the species. 

SSA Report – Alligator Snapping Turtle 93 March 2021 

https://www.usgs.gov/core-science-systems/science-analytics-and-synthesis/gap/science/protected-areas
https://www.usgs.gov/core-science-systems/science-analytics-and-synthesis/gap/science/protected-areas
https://data.fs.usda.gov/geodata/
https://www.fws.gov/gis/index.html
https://www.mrlc.gov/


 

     

  
 

 
 

 
 

  
   

  
  

         
          
          

        
        
        

          
          

       
 
 

Table A1.  Acres of suitable alligator snapping turtle suitable habitat within the range of the species. 

Analysis Unit / Acres 
Emergent 

Herbaceuous 
Wetlands 

Open Water Woody 
Wetlands Total Acres Analysis 

Unit Acres 
Percentage of Unit 
is Suitable Habitat 

Analysis Unit 1 Western 246,468 895,656 2,808,280 3,950,405 23,992,931 16.46% 
Analysis Unit 2 Southern Mississippi - West 208,468 1,228,429 2,194,695 3,631,593 43,222,816 8.40% 
Analysis Unit 3 Southern Mississippi - East 1,745,297 2,235,897 10,647,081 14,628,274 61,306,892 23.86% 
Analysis Unit 4 Alabama 419,289 801,026 6,330,556 7,550,871 41,285,934 18.29% 
Analysis Unit 5 Apalachicola 136,807 395,198 3,053,156 3,585,161 14,980,602 23.93% 
Analysis Unit 6 Suwannee 62,981 64,890 1,620,961 1,748,832 5,934,668 29.47% 
Analysis Unit 7 Northern Mississippi - West 12,722 264,274 73,857 350,854 16,268,981 2.16% 
Analysis Unit 8 Northern Mississippi - East 105,292 528,647 642,874 1,276,813 14,376,441 8.88% 
Total: 2,937,325 6,414,018 27,371,460 36,722,803 221,369,267 16.59% 
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Figure A2.  Suitable alligator snapping turtle habitat within the Western Unit. 
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Figure A3.  Suitable alligator snapping turtle habitat within the Southern Mississippi – West 
Unit. 
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Figure A4.  Suitable alligator snapping turtle habitat within the Southern Mississippi – East 
Unit. 
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Figure A5.  Suitable alligator snapping turtle habitat within the Alabama Unit. 
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Figure A6.  Suitable alligator snapping turtle habitat within the Apalachicola Unit. 
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Figure A7.  Suitable alligator snapping turtle habitat within the Suwannee Unit. 
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Figure A8.  Suitable alligator snapping turtle habitat within the Northern Mississippi – West 
Unit. 
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Figure A9.  Suitable alligator snapping turtle habitat within the Northern Mississippi – East 
Unit. 
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Figure A10.  Lands in conservation within the range of the alligator snapping turtle. 
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Figure A11.  Suitable alligator snapping turtle habitat within conservation lands. 
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Table A2.  Acres of suitable alligator snapping turtle habitat within conservation areas. 

All Analysis Units 
FWS 
NWR 

USDA 
USFS 

USDA 
NRCS NPS USACE TVA BLM 

Native 
American 

Lands 
Military 
Lands NASA 

Joint 
Ownership State Local Private 

Total 
Acres 

Total Suitable Habitat of All 
Analysis Units 1,284,239 855,336 26,019 102,795 1,139,674 23,556 173 54,524 112,768 5,699 81,705 2,237,757 15,429 72,944 6,012,620 
All Analysis Units Lands in 
Conservation Acres 1,646,065 8,020,683 55,198 343,551 1,719,610 85,656 206 927,482 1,118,451 13,442 136,082 4,847,231 36,677 354,524 19,304,858 
Percentage Suitable Habitat 
of All Conservation Lands 78.02% 10.66% 47.14% 29.92% 66.28% 27.50% 83.77% 5.88% 10.08% 42.40% 60.04% 46.17% 42.07% 20.58% 31.15% 
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Figure A12.  Lands in conservation within the range of the alligator snapping turtle within 
the Western Unit. 
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Figure A13.  Suitable alligator snapping turtle habitat within conservation lands within the 
Western Unit. 
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Table A3. Acres of suitable alligator snapping turtle habitat within conservation areas – Western 
Unit. 

Analysis Unit 1 Western 
FWS 
NWR 

USDA 
USFS 

USDA 
NRCS NPS USACE TVA BLM 

Native 
American 

Lands 
Military 
Lands NASA 

Joint 
Ownership State Local Private 

Total 
Acres 

Emergent Herbaceous Wetlands Acres 1,678 2,435 0 2,045 7,449 0 0 0 10 0 0 6,162 0 54 19,833 
Open Water Acres 596 15,857 0 4,026 140,465 0 0 7 32 0 0 15,390 0 101 176,475 
Woody Wetlands Acres 30,593 61,814 0 62,565 2,536 0 0 1,372 1,801 0 0 61,992 0 5,358 228,033 
Total Suitable Habitat Acres 32,868 80,106 0 68,637 150,450 0 0 1,379 1,843 0 0 83,544 0 5,514 424,341 
Analysis Unit in Conservation Acres 38,371 644,353 0 112,269 155,958 0 0 4,477 40,648 0 0 129,297 0 73,270 1,198,643 
Percentage of Conservation Lands are 
Suitable Habitat 85.66% 12.43% 0.00% 61.14% 96.47% 0.00% 0.00% 30.81% 4.53% 0.00% 0.00% 64.61% 0.00% 7.52% 35.40% 
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Figure A14.  Lands in conservation within the range of the alligator snapping turtle in the Southern 
Mississippi – West Unit. 
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Figure A15.  Suitable alligator snapping turtle habitat on conservation lands within the Southern 
Mississippi – West Unit. 
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Table A4. Acres of suitable alligator snapping turtle habitat within conservation areas Southern 
Mississippi – West Unit. 

Analysis Unit 2 Southern Mississippi - West 
FWS 
NWR 

USDA 
USFS 

USDA 
NRCS NPS USACE TVA BLM 

Native 
American 

Lands 
Military 
Lands NASA 

Joint 
Ownership State Local Private 

Total 
Acres 

Emergent Herbaceous Wetlands Acres 11,087 1,864 1,139 17 20,949 0 0 3,608 650 0 0 16,604 114 169 56,201 
Open Water Acres 26,897 3,435 166 2,439 455,208 0 0 32,164 1,928 0 0 66,345 6,119 503 595,204 
Woody Wetlands Acres 52,273 48,459 2,251 14 41,668 0 0 9,454 16,651 0 0 169,466 952 2,111 343,300 
Total Suitable Habitat Acres 90,257 53,758 3,556 2,469 517,825 0 0 45,226 19,230 0 0 252,415 7,185 2,783 994,705 
Analysis Unit in Conservation Acres 179,486 1,525,242 5,232 10,157 810,026 0 0 885,913 155,631 0 0 1,040,411 19,384 27,173 4,658,655 
Percentage of Conservation Lands are 
Suitable Habitat 50.29% 3.52% 67.96% 24.31% 63.93% 0.00% 0.00% 5.11% 12.36% 0.00% 0.00% 24.26% 37.07% 10.24% 21.35% 
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Figure A16.  Lands in conservation within the range of the alligator snapping turtle in the Southern 
Mississippi – East Unit. 
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Figure A17.  Suitable alligator snapping turtle habitat on conservation lands within the Southern 
Mississippi – East Unit. 
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Table A5. Acres of suitable alligator snapping turtle habitat within conservation areas Southern 
Mississippi – East Unit. 

Analysis Unit 3 Southern Mississippi – 
East 

FWS 
NWR 

USDA 
USFS 

USDA 
NRCS NPS USACE TVA BLM 

Native 
American 

Lands 
Military 
Lands NASA 

Joint 
Ownership State Local Private 

Total 
Acres 

Emergent Herbaceous Wetlands Acres 92,192 1,033 3,427 13,908 15,631 663 0 3 756 0 4 167,900 3,004 269 298,788 
Open Water Acres 63,210 5,598 1,382 1,503 27,420 3,195 0 22 345 0 64 97,617 587 39 200,982 
Woody Wetlands Acres 575,662 122,620 17,655 6,216 125,504 7,534 0 311 8,138 0 362 765,522 58 32,616 1,662,197 
Total Suitable Habitat Acres 731,064 129,251 22,464 21,626 168,555 11,392 0 336 9,239 0 430 1,031,039 3,649 32,924 2,161,968 
Analysis Unit in Conservation Acres 897,109 1,474,414 49,966 27,905 209,757 49,028 0 1,159 157,134 0 833 1,401,089 4,659 130,066 4,403,119 
Percentage of Conservation Lands are 
Suitable Habitat 81.49% 8.77% 44.96% 77.50% 80.36% 23.23% 0.00% 28.98% 5.88% 0.00% 51.62% 73.59% 78.32% 25.31% 49.10% 
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Figure A18.  Lands in conservation within the range of the alligator snapping turtle in the Alabama 
Unit. 
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Figure A19.  Suitable alligator snapping turtle habitat on conservation lands within the Alabama 
Unit. 

SSA Report – Alligator Snapping Turtle 116 March 2021 



 

     

   
 

 

  
 
       

 

 
 

  
 

    
 
 

                
                

                
                 

                
  

                
 
 
 

Table A6. Acres of suitable alligator snapping turtle habitat within conservation areas Alabama 
Unit. 

Analysis Unit 4 Alabama 
FWS 
NWR 

USDA 
USFS 

USDA 
NRCS NPS USACE TVA BLM 

Native 
American 

Lands 
Military 
Lands NASA 

Joint 
Ownership State Local Private 

Total 
Acres 

Emergent Herbaceous Wetlands Acres 4,054 755 0 618 2,719 0 0 471 1,230 170 64 44,837 85 1,009 56,013 
Open Water Acres 2,151 3,532 0 2,736 1,639 0 0 293 1,016 265 23 18,583 19 843 31,100 
Woody Wetlands Acres 80,363 188,523 0 218 41,004 0 0 6,410 53,401 5,264 180 262,332 1,688 16,777 656,160 
Total Suitable Habitat Acres 86,568 192,810 0 3,572 45,361 0 0 7,174 55,647 5,699 267 325,752 1,792 18,629 743,272 
Analysis Unit in Conservation Acres 121,412 1,350,433 0 6,898 59,728 0 0 25,912 493,449 13,442 650 808,607 2,641 49,143 2,932,315 
Percentage of Conservation Lands are 
Suitable Habitat 71.30% 14.28% 0.00% 51.78% 75.95% 0.00% 0.00% 27.68% 11.28% 42.40% 41.04% 40.29% 67.87% 37.91% 25.35% 
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Figure A20.  Lands in conservation within the range of the alligator snapping turtle in the 
Apalachicola Unit. 

SSA Report – Alligator Snapping Turtle 118 March 2021 



 

  

 

 
  

 
 
 
 

Ap."lklchiCOO 

Suwanntt 

SUitable Habitat Within Lands In Conservation 

Figure A21.  Suitable alligator snapping turtle habitat on conservation lands within the Apalachicola 
Unit. 
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Table A7. Acres of suitable alligator snapping turtle habitat within conservation areas in the 
Apalachicola Unit. 

Analysis Unit 5 Apalachicola 
FWS 
NWR 

USDA 
USFS 

USDA 
NRCS NPS USACE TVA BLM 

Native 
American 

Lands 
Military 
Lands NASA 

Joint 
Ownership State Local Private 

Total 
Acres 

Emergent Herbaceous Wetlands Acres 2,432 3,092 0 0 1,425 0 33 0 452 0 2,915 18,243 22 1,545 30,159 
Open Water Acres 4,900 1,331 0 0 42,788 0 9 0 2,750 0 4,047 8,115 49 815 64,805 
Woody Wetlands Acres 7,689 330,249 0 35 17,723 0 130 0 20,294 0 44,193 346,093 757 5,826 772,989 
Total Suitable Habitat Acres 15,021 334,672 0 35 61,937 0 173 0 23,496 0 51,155 372,451 827 8,186 867,953 
Analysis Unit in Conservation Acres 21,748 569,605 0 593 83,026 0 206 0 247,319 0 64,386 558,043 1,927 49,647 1,596,500 
Percentage of Conservation Lands are 
Suitable Habitat 69.07% 58.76% 0.00% 5.91% 74.60% 0.00% 83.77% 0.00% 9.50% 0.00% 79.45% 66.74% 42.92% 16.49% 54.37% 
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Figure A22.  Lands in conservation within the range of the alligator snapping turtle in the Suwannee 
Unit. 
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Figure A23. Suitable alligator snapping turtle habitat on conservation lands within the Suwannee 
Unit. 
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Table A8. Acres of suitable alligator snapping turtle habitat within conservation areas in the 
Suwannee Unit. 

Analysis Unit 6 Suwannee 
FWS 
NWR 

USDA 
USFS 

USDA 
NRCS NPS USACE TVA BLM 

Native 
American 

Lands 
Military 
Lands NASA 

Joint 
Ownership State Local Private 

Total 
Acres 

Emergent Herbaceous Wetlands Acres 5,861 127 0 0 158 0 0 0 54 0 234 1,029 7 3 7,473 
Open Water Acres 933 144 0 0 13 0 0 0 29 0 485 857 13 2 2,477 
Woody Wetlands Acres 230,271 32,650 0 0 3,751 0 0 0 2,295 0 7,708 52,283 1,118 225 330,301 
Total Suitable Habitat Acres 237,065 32,921 0 0 3,922 0 0 0 2,379 0 8,427 54,169 1,138 230 340,251 
Analysis Unit in Conservation Acres 248,181 86,470 0 0 5,596 0 0 0 4,731 0 38,533 116,352 3,270 571 503,704 
Percentage of Conservation Lands are 
Suitable Habitat 95.52% 38.07% 0.00% 0.00% 70.09% 0.00% 0.00% 0.00% 50.27% 0.00% 21.87% 46.56% 34.79% 40.32% 67.55% 
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Figure A24.  Lands in conservation within the range of the alligator snapping turtle in the Northern 
Mississippi – West Unit. 
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Figure A25.  Suitable alligator snapping turtle habitat on conservation lands within the Northern 
Mississippi – West Unit. 
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Table A9. Acres of suitable alligator snapping turtle habitat within conservation areas in the 
Northern Mississippi – West Unit. 

Analysis Unit 7 Northern Mississippi – 
West 

FWS 
NWR 

USDA 
USFS 

USDA 
NRCS NPS USACE TVA BLM 

Native 
American 

Lands 
Military 
Lands NASA 

Joint 
Ownership State Local Private 

Total 
Acres 

Emergent Herbaceous Wetlands Acres 2,306 96 0 237 2,076 0 0 61 17 0 0 584 0 11 5,388 
Open Water Acres 3,030 1,411 0 4,038 171,966 0 0 129 139 0 4 4,563 0 43 185,321 
Woody Wetlands Acres 3,213 1,438 0 2,151 3,815 0 0 218 23 0 0 5,945 0 33 16,837 
Total Suitable Habitat Acres 8,549 2,945 0 6,426 177,857 0 0 408 178 0 4 11,092 0 87 207,546 
Analysis Unit in Conservation Acres 18,838 1,817,394 0 185,078 349,307 0 0 10,021 13,915 0 25 411,923 0 12,400 2,818,901 
Percentage of Conservation Lands are 
Suitable Habitat 45.38% 0.16% 0.00% 3.47% 50.92% 0.00% 0.00% 4.07% 1.28% 0.00% 16.16% 2.69% 0.00% 0.70% 7.36% 
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Figure A26.  Lands in conservation within the range of the alligator snapping turtle in the Northern 
Mississippi – East Unit. 
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Figure A27.  Suitable alligator snapping turtle habitat on conservation lands within the Northern 
Mississippi – East Unit. 
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Table A10.  Acres of suitable alligator snapping turtle habitat within conservation areas in the 
Northern Mississippi – East Unit. 

Analysis Unit 8 Northern 
Mississippi – East 

FWS 
NWR 

USDA 
USFS 

USDA 
NRCS NPS USACE TVA BLM 

Native 
American 
Lands 

Military 
Lands NASA 

Joint 
Ownership State Local Private 

Total 
Acres 

Emergent Herbaceous Wetlands 
Acres 13,158 2,318 0 2 832 455 0 0 8 0 3,506 16,504 43 649 37,475 
Open Water Acres 28,229 6,087 0 16 8,633 1,718 0 0 295 0 1,787 26,740 340 2,480 76,324 
Woody Wetlands Acres 41,460 20,469 0 14 4,301 9,992 0 0 454 0 16,130 64,049 455 1,462 158,786 
Total Suitable Habitat Acres 82,847 28,874 0 31 13,766 12,165 0 0 756 0 21,422 107,294 838 4,591 272,584 
Analysis Unit in Conservation 
Acres 120,920 552,772 0 651 46,212 36,628 0 0 5,624 0 31,655 381,509 4,796 12,254 1,193,021 
Percentage of Conservation 
Lands are Suitable Habitat 68.51% 5.22% 0.00% 4.73% 29.79% 33.21% 0.00% 0.00% 13.45% 0.00% 67.67% 28.12% 17.47% 37.47% 22.85% 
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APPENDIX B- Alligator Snapping Turtle Harvest Prohibitions 

Table B1. Year commercial and recreational harvest of alligator snapping turtles was prohibited 
by state. 

State 
Year Commercial 
Harvest Prohibited 

Year Personal 
Harvest Prohibited Notes 

Alabama 2012 2012 

Arkansas 1994 1994 

Florida 2009 2009 

Georgia 1992 1992 

Illinois 1994 1994 

Indiana 1994 1994 

Iowa 1987 1987 
Extremely rare, so not likely to have ever 
been harvested 

Kansas Unsure Unsure 
Listed as a species in need of conservation 
in 1975 

Kentucky 1975 2012 

Louisiana 2004 Still allowed 

Personal harvest with proper license 
restricted to one per day, per person, per 
vehicle/vessel, no size limit. 

Mississippi 1991 Still allowed 

Personal harvest with proper license 
restricted to one per year with minimum 
carapace length of 24 inches 

Missouri 1980 1980 

Oklahoma Never Allowed 1992 

Tennessee 1991 1991 

Texas 1993 1993 
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APPENDIX C - Expert Elicitation Questionnaire 

These questions have been informed by your responses to the first round of questions and the 
webinar many of you attended on March 19 (Link to recording, which provides explanation of 
why we are asking the types of questions that follow: https://tamu-cs.webex.com/tamu-
cs/ldr.php?RCID=c9b7af365357aa8170c30115fd889843 ). 

Questions are divided into three sections, 1) questions about density range-wide, 2) questions 
about specific analysis units, and 3) questions about influencing factors range-wide. For 
analysis-unit-specific questions, please answer the questions for those analysis units (one or 
multiple) with which you have experience/expertise. If you cannot answer a particular question, 
please write a brief note about the particular difficulty (e.g., not applicable in my area). Please 
record your responses in the attached excel sheet, not in this word document. 

For some stress factors we have adequate information from previous studies to inform 
demographic models for the SSA. For several factors however, either literature is lacking or the 
risk is variable by geographic area, so we are hoping to infer from your collective experience the 
likely exposure to and demographic effect of these factors on the species. (If you are aware of 
literature or unpublished reports that contain this information, please send them along). We 
recognize that these questions may not be easy to answer, but your insights informed by 
experience will result in a more informed analysis. Please note, even if you aren’t sure of the 
answer, we designed each as a series of questions to capture that uncertainty, and uncertain 
information is more useful to us than no information at all. In addition, your answers will be 
combined with those of others provided for your analysis unit giving us the collective 
understanding of both estimates and uncertainty around them, so each answer you can provide is 
helpful. Thank you for your time and effort in completing these questions. 

Section 1: Range-Wide Density Questions 
1) Do you believe densities differ across the entire range of alligator snapping turtles 

(AST)? For example, are densities higher in the west, east, or central portion of the 
range? What about from southern areas to northern areas? 

2) Do densities differ by habitat type (e.g. oxbows, lakes, streams, rivers), and how? List the 
habitat types you are familiar with in order from highest AST density to lowest AST 
density. 

3) Are there any conditions (e.g., habitat, stressors [e.g., harvest]) that correlate with 
densities? What are the correlated factors and how do they relate to density? 

Section 2: Analysis Unit-Specific Questions 
If you have expertise/experience with more than one analysis unit, please copy the Excel sheet 
associated with these questions and answer separately for each. For example, if you are 
answering for 2 analysis units, you will have 2 copies of the analysis unit sheet in the Excel 
response document. Analysis unit maps can be found in the map document attached in the 
email with these questions. 

4) Abundance estimates: 
a. What do you estimate is the lowest likely number of AST within this analysis 

unit? 
b. What do you estimate is the highest likely number of AST within this analysis 

unit? 
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c. What do you think the most likely estimate for number of AST is within this 
analysis unit? 

d. How confident are you that your interval lowest to highest (a and b above) 
captures the actual number of AST within this analysis unit? Please enter a 
number between 50% and 100% (Here and for all subsequent questions of this 
type, if you are less than 50% confident that the actual number falls within the 
interval, please widen the interval). 

e. Please describe how you arrived at your estimates (e.g., estimated #/km in rivers 
and #/unit of area in open water). 

5) Is incidental hooking of AST on trot and limb lines from recreational fishing occurring in 
this Analysis Unit?  If yes: 

a. What do you think the smallest spatial extent of affected occupied area is within 
this analysis unit? Answer in terms of the percentage of occupied area (e.g., AST 
are exposed to the threat of incidental hooking in X% of the occupied area in this 
analysis unit). 

b. What do you think the largest spatial extent of affected occupied area is within 
this analysis unit? Answer in terms of the percentage of occupied area. 

c. What do you think the most likely estimate of the actual spatial extent of affected 
occupied area is within this analysis unit? Answer in terms of the percentage of 
occupied area. 

d. How confident are you that your interval lowest to highest (a and b above) 
captures the actual spatial extent of affected area? Please enter a number between 
50% and 100%. 

6) Is commercial fishing occurring in this Analysis Unit? If yes: 
a. What do you think the smallest spatial extent of affected occupied area is within 

this analysis unit? Answer in terms of the percentage of occupied area (e.g., AST 
are exposed to the threat of commercial fishing in X% of the occupied area in this 
analysis unit). 

b. What do you think the largest spatial extent of affected occupied area is within 
this analysis unit? Answer in terms of the percentage of occupied area. 

c. What do you think the most likely estimate of the actual spatial extent of affected 
occupied area is within this analysis unit? Answer in terms of the percentage of 
occupied area. 

d. How confident are you that your interval lowest to highest (a and b above) 
captures the actual spatial extent of affected area? Please enter a number between 
50% and 100%. 

7) Is legal collection or harvest of AST occurring in this Analysis Unit? If yes: 
a. What do you estimate the smallest spatial extent of affected occupied area is 

within this analysis unit? Answer in terms of the percentage of occupied area 
(e.g., AST are exposed to the threat of legal collection or harvest in X% of the 
occupied area in this analysis unit). 

b. What do you estimate the largest spatial extent of affected occupied area is within 
this analysis unit? Answer in terms of the percentage of occupied area. 

c. What do you think the most likely estimate of the actual spatial extent of affected 
occupied area is within this analysis unit? Answer in terms of the percentage of 
occupied area. 
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d. How confident are you that your interval lowest to highest (a and b above) 
captures the actual spatial extent of affected area? Please enter a number between 
50% and 100%. 

8) Is illegal collection or harvest (i.e., poaching) of AST occurring in this Analysis Unit? If 
yes: 

a. What do you estimate the smallest spatial extent of affected occupied area is 
within this analysis unit? Answer in terms of the percentage of occupied area 
(e.g., AST are exposed to the threat of illegal collection in X% of the occupied 
area in this analysis unit). 

b. What do you estimate the largest spatial extent of affected occupied area is within 
this analysis unit?  Answer in terms of the percentage of occupied area. 

c. What do you think the most likely estimate of the actual spatial extent of affected 
occupied area is within this analysis unit?  Answer in terms of the percentage of 
occupied area. 

d. How confident are you that your interval lowest to highest (a and b above) 
captures the actual spatial extent of affected area? Please enter a number between 
50% and 100%. 

9) Is nest predation by subsidized or non-native nest predators (e.g., Sus scrofa, Procyon 
lotor, Solenopsis invicta) occurring in this Analysis Unit? If yes: 

a. What do you estimate the smallest spatial extent of affected occupied area is 
within this analysis unit? Answer in terms of the percentage of occupied area 
(e.g., AST are exposed to the threat of subsidized non-native nest predators in 
XX% of the occupied area in this analysis unit). 

b. What do you estimate the largest spatial extent of affected occupied area is within 
this analysis unit?  Answer in terms of the percentage of occupied area. 

c. What do you think the most likely estimate of the actual spatial extent of affected 
occupied area is within this analysis unit?  Answer in terms of the percentage of 
occupied area. 

d. How confident are you that your interval lowest to highest (a and b above) 
captures the actual spatial extent of affected area? Please enter a number between 
50% and 100%. 

10)  Are conservation measures being taken in this Analysis Unit? If yes: 
a. What types of conservation measures are occurring within the analysis unit? 

For each major type of conservation measure listed above, please answer the following 
questions. 

b. Have any of these measures been shown to affect demographic rates of the 
species? If so, how? 

c. What do you estimate the smallest spatial extent of affected occupied area is 
within this analysis unit? Answer in terms of the percentage of occupied area. If 
multiple conservation actions are listed, please provide a separate estimate of 
spatial extent for each. 

d. What do you estimate the largest spatial extent of affected occupied area is within 
this analysis unit?  Answer in terms of the percentage of occupied area. If 
multiple conservation actions are listed, please provide a separate estimate of 
spatial extent for each. 
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e. What do you think the most likely estimate of the actual spatial extent of affected 
occupied area is within this analysis unit? Answer in terms of the percentage of 
occupied area. If multiple conservation actions are listed, please provide a 
separate estimate of spatial extent for each. 

f. How confident are you that your interval lowest to highest (c and d above) 
captures the actual spatial extent of affected area? Please enter a number between 
50% and 100%. If multiple conservation actions are listed, please provide a 
separate estimate of spatial extent for each. 

11) Are any mechanisms (e.g., dredging, sedimentation, etc.) contributing to habitat loss in 
this Analysis Unit? 

a. What mechanisms are occurring? 
b. What do you estimate the smallest spatial extent of affected occupied area is 

within this analysis unit? Answer in terms of the percentage of occupied area 
(e.g., AST are exposed to the threat of habitat loss in X% of the occupied area in 
this analysis unit). 

c. What do you estimate the largest spatial extent of affected occupied area is within 
this analysis unit? Answer in terms of the percentage of occupied area. 

d. What do you think the most likely estimate of the actual spatial extent of affected 
occupied area is within this analysis unit? Answer in terms of the percentage of 
occupied area. 

e. How confident are you that your interval lowest to highest (b and c above) 
captures the actual spatial extent of affected area? Please enter a number between 
50% and 100%. 

12) Are there additional significant threats impacting the species that have not been 
characterized above? 

a. Describe the threat/threats here. 

For each significant threat listed above, please answer the following questions. 
b. What do you estimate the smallest spatial extent of affected occupied area is 

within this analysis unit? Answer in terms of the percentage of occupied area 
(e.g., AST are exposed to the threat of habitat loss in X% of the occupied area in 
this analysis unit). If multiple threats are listed, please provide a separate estimate 
of spatial extent for each. 

c. What do you estimate the largest spatial extent of affected occupied area is within 
this analysis unit? Answer in terms of the percentage of occupied area. If 
multiple threats are listed, please provide a separate estimate of spatial extent for 
each. 

d. What do you think the most likely estimate of the actual spatial extent of affected 
occupied area is within this analysis unit? Answer in terms of the percentage of 
occupied area. If multiple threats are listed, please provide a separate estimate of 
spatial extent for each. 

e. How confident are you that your interval lowest to highest (b and c above) 
captures the actual spatial extent of affected area? Please enter a number between 
50% and 100%. If multiple threats are listed, please provide a separate estimate 
of your confidence in your estimates for each. 
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f. Does the threat/s have an effect on survival at the analysis unit scale of any 
particular life stage? If so, which life stage (i.e., nest survival, hatchling survival, 
juvenile survival, adult survival)? 

g. What do you estimate is the lowest likely change in survival of this life stage as a 
result of this factor/s? 

h. What do you estimate is the highest likely change in survival of this life stage as a 
result of this factor/s? 

i. What do you think the most likely change in survival of this life stage as a result 
of this factor/s? 

j. How confident are you that your interval lowest to highest (g and h above) 
captures the actual change in this life stage’s survival for affected areas? Please 
enter a number between 50% and 100%. 

13) Please list the primary factors (e.g., threats or conservation activities from the above 
questions known or believed to affect population demographic rates to a measurable 
degree at the analysis unit scale) occurring within this analysis unit in order of 
importance below from most important to least important (i.e. highest impact on 
demography to lowest impact). Please indicate the direction of the effect (positive or 
negative) in your response next to each factor. 

Section 3: Range-Wide Influencing Factor Questions: 
Note: For any question involving % survival – please indicate positive or negative change 
(e.g., -5%, +5%) for clarity. For the following questions, we define hatchlings as individuals 
aged 0-1 year that have emerged from the nest, juveniles as individuals > 1 year of age that 
have not yet reached sexual maturity, and adults as those that have reached sexual maturity. 
Nest survival refers to the survival of eggs to hatching. 

14) Have any diseases been identified as impacting AST? If not, is there any reason to 
believe they are particularly at risk from disease impacts? 

15) Have you predicted or observed vulnerability to or responses to climate change or 
drought? Can you provide any data or information on this vulnerability for the analysis? 

16) In areas with commercial fishing are AST caught as bycatch? If yes: 
a. What do you estimate is the lowest likely change in adult survival as a result of 

this factor? 
b. What do you estimate is the highest likely change in adult survival as a result of 

this factor? 
c. What is your best estimate of the change in adult survival resulting from this 

factor? 
d. How confident are you that your interval lowest to highest (a and b above) 

captures the actual change in adult survival for affected areas? Please enter a 
number between 50% and 100%. 

e. What do you estimate is the lowest likely change in juvenile survival as a result of 
this factor? 

f. What do you estimate is the highest likely change in juvenile survival as a result 
of this factor? 

g. What is your best estimate of the change in juvenile survival resulting from this 
factor? 

SSA Report – Alligator Snapping Turtle 135 March 2021 



 

     

    
   

 
  

 
   

 
  

 
    

    
  

 
     

 
  

 
  

 
  

 
   

 
 

  
 

  
 

  
 

    
   

 
  

 
  

 
  

 
    

  
  

 
   

   
 

  
  

 

h. How confident are you that your interval lowest to highest (e and f above) 
captures the actual change in juvenile survival for affected areas? Please enter a 
number between 50% and 100%. 

i. What do you estimate is the lowest likely change in hatchling survival as a result 
of this factor? 

j. What do you estimate is the highest likely change in hatchling survival as a result 
of this factor? 

k. What is your best estimate of the change in hatchling survival resulting from this 
factor? 

l. How confident are you that your interval lowest to highest (i and j above) captures 
the actual change in hatchling survival for affected areas? Please enter a number 
between 50% and 100%. 

17) In areas with recreational fishing by trot lines and limb lines are AST caught as bycatch? 
If yes: 

a. What do you estimate is the lowest likely change in adult survival as a result of 
this factor? 

b. What do you estimate is the highest likely change in adult survival as a result of 
this factor? 

c. What is your best estimate of the change in adult survival resulting from this 
factor? 

d. How confident are you that your interval lowest to highest (a and b above) 
captures the actual change in adult survival for affected areas? Please enter a 
number between 50% and 100%. 

e. What do you estimate is the lowest likely change in juvenile survival as a result of 
this factor? 

f. What do you estimate is the highest likely change in juvenile survival as a result 
of this factor? 

g. What is your best estimate of the change in juvenile survival resulting from this 
factor? 

h. How confident are you that your interval lowest to highest (e and f above) 
captures the actual change in juvenile survival for affected areas? Please enter a 
number between 50% and 100%. 

i. What do you estimate is the lowest likely change in hatchling survival as a result 
of this factor? 

j. What do you estimate is the highest likely change in hatchling survival as a result 
of this factor? 

k. What is your best estimate of the change in hatchling survival resulting from this 
factor? 

l. How confident are you that your interval lowest to highest (i and j above) captures 
the actual change in hatchling survival for affected areas? Please enter a number 
between 50% and 100%. 

18) If AST are released alive after being caught on a trot line or limb line are they at risk of 
adverse impacts associated with hook ingestion? If yes: 

a. What proportion of individuals released from a trot line or limb line do you think 
have ingested the fish hook? 

b. What do you estimate is the lowest likely change in adult survival as a result of 
this factor? 
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c. What do you estimate is the highest likely change in adult survival as a result of 
this factor? 

d. What is your best estimate of the change in adult survival resulting from this 
factor? 

e. How confident are you that your interval lowest to highest (a and b above) 
captures the actual change in adult survival for affected areas? Please enter a 
number between 50% and 100%. 

f. What do you estimate is the lowest likely change in juvenile survival as a result of 
this factor? 

g. What do you estimate is the highest likely change in juvenile survival as a result 
of this factor? 

h. What is your best estimate of the change in juvenile survival resulting from this 
factor? 

i. How confident are you that your interval lowest to highest (f and g above) 
captures the actual change in juvenile survival for affected areas? Please enter a 
number between 50% and 100%. 

19) In areas with legal collection or harvest: 
a. What do you estimate is the lowest likely change in adult survival as a result of 

this factor? 
b. What do you estimate is the highest likely change in adult survival as a result of 

this factor? 
c. What is your best estimate of the change in adult survival resulting from this 

factor? 
d. How confident are you that your interval lowest to highest (a and b above) 

captures the actual change in adult survival for affected areas? Please enter a 
number between 50% and 100%. 

e. What do you estimate is the lowest likely change in juvenile survival as a result of 
this factor? 

f. What do you estimate is the highest likely change in juvenile survival as a result 
of this factor? 

g. What is your best estimate of the change in juvenile survival resulting from this 
factor? 

h. How confident are you that your interval lowest to highest (e and f above) 
captures the actual change in juvenile survival for affected areas? Please enter a 
number between 50% and 100% 

i. What do you estimate is the lowest likely change in hatchling survival (survival to 
hatching) as a result of this factor? 

j. What do you estimate is the highest likely change in hatchling survival as a result 
of this factor? 

k. What is your best estimate of the change in hatchling survival resulting from this 
factor survival as a result of this factor? 

l. How confident are you that your interval lowest to highest (i and j above) captures 
the actual change in hatchling survival for affected areas? Please enter a number 
between 50% and 100%. 

20) In areas with illegal collection or harvest (i.e., poaching): 
a. What do you estimate is the lowest likely change in adult survival as a result of 

this factor? 
SSA Report – Alligator Snapping Turtle 137 March 2021 



 

     

  
 

   
 

   
  

 
  

 
  

 
  

 
   

   
 

  
 

  
 

  
 

   
  

 
  

 
  
  

 
    

  
  

 
  

 
   

   
 

   
 

  
 

    
    

 

  

b. What do you estimate is the highest likely change in adult survival as a result of 
this factor? 

c. What is your best estimate of the change in adult survival resulting from this 
factor as? 

d. How confident are you that your interval lowest to highest (b and c above) 
captures the actual change in adult survival for affected areas? Please enter a 
number between 50% and 100%. 

e. What do you estimate is the lowest likely change in juvenile survival as a result of 
this factor? 

f. What do you estimate is the highest likely change in juvenile survival as a result 
of this factor? 

g. What is your best estimate of the change in juvenile survival resulting from this 
factor? 

h. How confident are you that your interval lowest to highest (b and c above) 
captures the actual change in juvenile survival for affected areas? Please enter a 
number between 50% and 100%. 

i. What do you estimate is the lowest likely change in hatchling survival as a result 
of this factor? 

j. What do you estimate is the highest likely change in hatchling survival as a result 
of this factor? 

k. What is your best estimate of the change in hatchling survival resulting from this 
factor? 

l. How confident are you that your interval lowest to highest (b and c above) 
captures the actual change in hatchling survival for affected areas? Please enter a 
number between 50% and 100%. 

m. What do you estimate is the lowest likely change in nest survival (i.e., survival of 
eggs to hatching in the wild) as a result of this factor? 

n. What is the highest likely change in nest survival as a result of this factor? 
o. What is your best estimate of the change in nest survival resulting from this 

factor? 
p. How confident are you that your interval lowest to highest (i and j above) captures 

the actual change in nest survival for affected areas? Please enter a number 
between 50% and 100%. 

21) In areas with nest predation by subsidized non-native nest predators (e.g., Sus scrofa, 
Procyon lotor, Solenopsis invicta): 

a. What do you estimate is the lowest likely change in nest survival (survival of eggs 
to hatching; at a population scale, not the scale of a single nest) as a result of this 
factor? 

b. What do you estimate is the highest likely change in nest survival as a result of 
this factor? 

c. What is your best estimate of the change in nest survival resulting from this 
factor? 

d. How confident are you that your interval lowest to highest (a and b above) captures 
the actual change in nest survival for affected areas? Please enter a number between 
50% and 100%). 
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APPENDIX D - Current and Historical Range by State and County 

By state, alligator snapping turtles were historically found in 14 states: Alabama, Arkansas, 
Florida, Georgia, Illinois, Indiana, Kansas, Kentucky, Louisiana, Missouri, Mississippi, 
Oklahoma, Tennessee, and Texas. 

Currently, the species is known to occur in: Alabama, Arkansas, Florida, Georgia, Illinois, 
Kentucky, Louisiana, Missouri, Mississippi, Oklahoma, Tennessee, and Texas. This list includes 
all of the historically occupied states with the exception of Indiana and Kansas, where it is 
unknown whether the species still persists. In Indiana, alligator snapping turtles have been 
detected from eDNA in the water, but presence has not been confirmed by trapping. In Kansas, 
the species has not been detected since a 1991 record in Montgomery County. 

Table D1. Current and historical occupied status for counties within the alligator snapping turtle 
range. See Table 2 within the SSA for definitions of Occupied, Not Occupied, and Unknown. 
Counties that do not currently and did not historically support alligator snapping turtles are not 
shown. 

State-County Current Historical Last Record Notes 
AL-Autauga Unknown Occupied -
AL-Baldwin Occupied Occupied 2018 
AL-Barbour Unknown Occupied -
AL-Bibb Unknown Occupied -
AL-Blount Occupied Occupied 2010 
AL-Bullock Unknown Occupied -
AL-Butler Unknown Occupied -
AL-Calhoun Unknown Occupied -
AL-Chambers Unknown Occupied -
AL-Cherokee Unknown Occupied -
AL-Chilton Unknown Occupied -
AL-Choctaw Unknown Occupied -
AL-Clarke Unknown Occupied 1997 
AL-Clay Unknown Occupied -
AL-Cleburne Unknown Occupied -
AL-Coffee Unknown Occupied -
AL-Colbert Unknown Occupied -
AL-Conecuh Unknown Occupied -
AL-Coosa Unknown Occupied 1978 
AL-Covington Unknown Occupied 1996 
AL-Crenshaw Unknown Occupied 1996 
AL-Cullman Occupied Occupied 2017 
AL-Dale Unknown Occupied -
AL-Dallas Unknown Occupied -
AL-DeKalb Unknown Occupied -
AL-Elmore Occupied Occupied 2013 
AL-Escambia Unknown Occupied 2001 
AL-Etowah Unknown Occupied -
AL-Fayette Unknown Occupied -
AL-Franklin Unknown Occupied -
AL-Geneva Unknown Occupied -
AL-Greene Unknown Occupied -
AL-Hale Occupied Occupied 2017 
AL-Henry Occupied Occupied 2012 
AL-Houston Unknown Occupied 1992 
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State-County Current Historical Last Record Notes 
AL-Jackson Unknown Occupied -
AL-Jefferson Unknown Occupied -
AL-Lamar Unknown Occupied -
AL-Lauderdale Unknown Occupied 1980 
AL-Lawrence Unknown Occupied -
AL-Lee Unknown Occupied 1968 
AL-Limestone Unknown Occupied -
AL-Lowndes Unknown Occupied -
AL-Macon Unknown Occupied 1969 
AL-Madison Unknown Occupied -
AL-Marengo Unknown Occupied -
AL-Marion Unknown Occupied -
AL-Marshall Unknown Occupied -
AL-Mobile Occupied Occupied 2017 
AL-Monroe Occupied Occupied 2009 
AL-Montgomery Unknown Occupied 1998 
AL-Morgan Unknown Occupied -
AL-Perry Occupied Occupied 2015 
AL-Pickens Unknown Occupied -
AL-Pike Unknown Occupied -
AL-Randolph Unknown Occupied -
AL-Russell Unknown Occupied 1973 
AL-Shelby Unknown Occupied 1966 
AL-St. Clair Unknown Occupied 1914 
AL-Sumter Unknown Occupied -
AL-Talladega Unknown Occupied -
AL-Tallapoosa Unknown Occupied -
AL-Tuscaloosa Unknown Occupied 1975 
AL-Walker Unknown Occupied 1985 
AL-Washington Occupied Occupied 2017 
AL-Wilcox Occupied Occupied 2008 
AL-Winston Unknown Occupied -
AR-Arkansas Occupied Occupied 1995 
AR-Ashley Occupied Occupied 1995 
AR-Baxter Unknown Occupied -
AR-Benton Unknown Occupied -
AR-Boone Unknown Occupied -
AR-Bradley Occupied Occupied 2010 
AR-Calhoun Occupied Occupied 1995 
AR-Carroll Unknown Occupied -
AR-Chicot Occupied Occupied 1995 
AR-Clark Occupied Occupied 2009 
AR-Clay Occupied Occupied 1995 
AR-Cleburne Occupied Occupied 1995 
AR-Cleveland Occupied Occupied 1995 
AR-Columbia Occupied Occupied -
AR-Conway Occupied Occupied 2006 
AR-Craighead Occupied Occupied 1995 
AR-Crawford Occupied Occupied 1995 
AR-Crittenden Occupied Occupied 1995 
AR-Cross Occupied Occupied 1995 
AR-Dallas Occupied Occupied -
AR-Desha Occupied Occupied 1995 
AR-Drew Occupied Occupied 1995 
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State-County Current Historical Last Record Notes 
AR-Faulkner Occupied Occupied 2008 
AR-Franklin Occupied Occupied 1995 
AR-Fulton Occupied Occupied 1995 
AR-Garland Occupied Occupied 1995 
AR-Grant Occupied Occupied 1995 
AR-Greene Occupied Occupied 1995 
AR-Hempstead Occupied Occupied 2018 
AR-Hot Spring Occupied Occupied 2009 
AR-Howard Occupied Occupied -
AR-Independence Occupied Occupied 2015 
AR-Izard Occupied Occupied 1995 
AR-Jackson Occupied Occupied 1995 
AR-Jefferson Occupied Occupied 2018 
AR-Johnson Occupied Occupied 1995 
AR-Lafayette Occupied Occupied 1995 
AR-Lawrence Occupied Occupied 1995 
AR-Lee Occupied Occupied 1995 
AR-Lincoln Occupied Occupied 1995 
AR-Little River Occupied Occupied 2017 
AR-Logan Occupied Occupied 1995 
AR-Lonoke Occupied Occupied 1995 
AR-Madison Unknown Occupied -
AR-Marion Occupied Occupied 2010 
AR-Miller Occupied Occupied 2017 
AR-Mississippi Occupied Occupied 1995 
AR-Monroe Occupied Occupied 1995 
AR-Montgomery Occupied Occupied -
AR-Nevada Occupied Occupied 1995 
AR-Newton Occupied Occupied 2010 
AR-Ouachita Occupied Occupied 1995 
AR-Perry Occupied Occupied 1995 
AR-Phillips Occupied Occupied 1995 
AR-Pike Occupied Occupied 2016 
AR-Poinsett Occupied Occupied 1995 
AR-Polk Occupied Occupied -
AR-Pope Occupied Occupied 1995 
AR-Prairie Occupied Occupied 1995 
AR-Pulaski Occupied Occupied 1995 
AR-Randolph Occupied Occupied 2009 
AR-Saline Occupied Occupied 2005 
AR-Scott Occupied Occupied -
AR-Searcy Occupied Occupied 2010 
AR-Sebastian Occupied Occupied 1995 
AR-Sevier Occupied Occupied -
AR-Sharp Occupied Occupied 1995 
AR-St. Francis Occupied Occupied 1995 
AR-Stone Occupied Occupied 1995 
AR-Union Occupied Occupied 1995 
AR-Van Buren Occupied Occupied -
AR-Washington Unknown Occupied -
AR-White Occupied Occupied 1995 
AR-Woodruff Occupied Occupied 1995 
AR-Yell Occupied Occupied 1995 
FL-Alachua Occupied Occupied 2012 
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State-County Current Historical Last Record Notes 
FL-Bay Occupied Occupied 2018 
FL-Bradford Occupied Occupied 2011 
FL-Calhoun Occupied Occupied 2018 
FL-Columbia Occupied Occupied 2012 
FL-Dixie Occupied Occupied 2014 
FL-Escambia Occupied Occupied 2018 
FL-Franklin Occupied Occupied 2019 
FL-Gadsden Occupied Occupied 2018 
FL-Gilchrist Occupied Occupied 2014 
FL-Gulf Occupied Occupied 2018 
FL-Hamilton Occupied Occupied 2017 
FL-Holmes Occupied Occupied 2018 
FL-Jackson Occupied Occupied 2019 
FL-Jefferson Unknown Unknown 2000 newspaper photo purportedly from 

Aucilla River, but trapping has been 
unsuccessful in this likely distribution 

- gap 
FL-Lafayette Occupied Occupied 2014 
FL-Leon Occupied Occupied 2018 
FL-Levy Occupied Occupied 2014 
FL-Liberty Occupied Occupied 2018 
FL-Madison Occupied Occupied 2012 
FL-Marion Unknown Not Occupied 2 museum records from the Ocklawaha 

River in 1916 and 1955, but the species 
is not thought to occur in St. Johns River 

- drainage, may be introduced here 
FL-Okaloosa Occupied Occupied 2018 
FL-Santa Rosa Occupied Occupied 2018 
FL-Suwannee Occupied Occupied 2014 
FL-Union Occupied Occupied 2011 
FL-Wakulla Occupied Occupied 2018 
FL-Walton Occupied Occupied 2018 
FL-Washington Occupied Occupied 2018 
GA-Atkinson Occupied Occupied 2018 
GA-Baker Occupied Occupied 2017 
GA-Ben Hill Unknown Unknown -
GA-Berrien Occupied Occupied 2018 
GA-Brooks Occupied Occupied 2018 
GA-Calhoun Unknown Unknown -
GA-Chattahoochee Occupied Occupied 2010 
GA-Clay Occupied Occupied 2003 
GA-Clayton Occupied Occupied 2011 
GA-Clinch Unknown Occupied -
GA-Colquitt Occupied Occupied 2018 
GA-Cook Occupied Occupied 1998 
GA-Coweta Occupied Occupied 2010 
GA-Crawford Occupied Occupied 2014 
GA-Crisp Occupied Occupied 1989 
GA-Decatur Occupied Occupied 2014 
GA-Dooly Occupied Occupied 2014 
GA-Dougherty Occupied Occupied 2014 
GA-Early Occupied Occupied 2001 
GA-Echols Occupied Occupied 2018 
GA-Fayette Occupied Occupied 2011 
GA-Fulton Unknown Not Occupied -
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State-County Current Historical Last Record Notes 
GA-Grady Occupied Occupied 1997 
GA-Irwin Occupied Occupied 2017 
GA-Lanier Occupied Occupied 1997 
GA-Lee Occupied Occupied 2014 
GA-Lowndes Occupied Occupied 2018 
GA-Macon Occupied Occupied 2014 
GA-Marion Occupied Occupied 1996 
GA-Meriwether Occupied Occupied 2005 
GA-Miller Occupied Occupied 2000 
GA-Mitchell Occupied Occupied 2014 
GA-Muscogee Occupied Occupied 1997 
GA-Peach Occupied Occupied 2014 
GA-Pike Occupied Occupied 2005 
GA-Quitman Occupied Occupied 2001 
GA-Randolph Unknown Not Occupied -
GA-Schley Unknown Not Occupied -
GA-Seminole Occupied Occupied 2001 
GA-Spalding Occupied Occupied 2011 
GA-Stewart Occupied Occupied 2004 
GA-Sumter Occupied Occupied 2014 
GA-Talbot Unknown Unknown -
GA-Taylor Occupied Occupied 2014 
GA-Terrell Unknown Unknown -
GA-Thomas Occupied Occupied 2006 
GA-Tift Unknown Unknown -
GA-Turner Unknown Not Occupied -
GA-Upson Occupied Occupied 2014 
GA-Ware Unknown Not Occupied -
GA-Webster Unknown Unknown -
GA-Wilcox Unknown Not Occupied -
GA-Worth Occupied Occupied 2014 
IL-Adams Unknown Occupied 1892 
IL-Alexander Unknown Occupied 1907 
IL-Calhoun Unknown Occupied 1954 
IL-Jackson Unknown Occupied 1960 
IL-Jersey Unknown Occupied 1961 
IL-Mason Unknown Occupied 1961 
IL-Massac Unknown Occupied 1937 
IL-Peoria Unknown Occupied 1976 
IL-Randolph Unknown Occupied 1937 
IL-Rock Island Unknown Occupied 1950 
IL-Union Occupied Occupied 2014 
IL-Wabash Unknown Occupied 1887 
IL-White Unknown Occupied 1892 
IN-Gibson Unknown Unknown 2017 positive eDNA 
IN-Jackson Occupied Unknown 2012 
IN-Morgan Unknown Occupied 1991 
IN-Pike Unknown Unknown 2017 positive eDNA 
IN-Posey Unknown Occupied 1938 
KS-Allen Not Occupied Unknown -
KS-Anderson Not Occupied Unknown -
KS-Butler Not Occupied Occupied 1912 
KS-Chase Not Occupied Unknown -
KS-Chautauqua Unknown Unknown -
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State-County Current Historical Last Record Notes 
KS-Cherokee Unknown Occupied 1895 
KS-Coffey Not Occupied Unknown -
KS-Cowley Not Occupied Occupied 1958 
KS-Labette Unknown Occupied 1938 
KS-Lyon Unknown Occupied 1967 
KS-Marion Not Occupied Occupied 1912 
KS-Montgomery Unknown Occupied 1991 
KS-Morris Unknown Unknown -
KS-Neosho Unknown Occupied 1911 
KS-Sumner Unknown Unknown -
KS-Wilson Not Occupied Unknown -
KS-Woodson Not Occupied Unknown -
KY-Allen Unknown Unknown -
KY-Ballard Unknown Occupied 1998 
KY-Barren Unknown Unknown -
KY-Breckinridge Unknown Unknown -
KY-Butler Unknown Unknown -
KY-Caldwell Occupied Unknown 2003 
KY-Calloway Occupied Occupied 2004 
KY-Carlisle Unknown Occupied 1979 
KY-Christian Unknown Unknown -
KY-Crittenden Unknown Unknown -
KY-Daviess Unknown Unknown -
KY-Edmonson Unknown Unknown -
KY-Fulton Unknown Occupied 1975 
KY-Graves Unknown Unknown -
KY-Grayson Unknown Unknown -
KY-Hancock Unknown Unknown -
KY-Hardin Unknown Unknown -
KY-Hart Unknown Unknown -
KY-Henderson Unknown Unknown -
KY-Hickman Occupied Unknown 2002 
KY-Hopkins Unknown Unknown -
KY-Jefferson Unknown Unknown -
KY-Livingston Unknown Occupied 1994 
KY-Logan Unknown Unknown -
KY-Lyon Unknown Unknown -
KY-Marshall Unknown Occupied 1969 
KY-McCracken Unknown Occupied 1990 
KY-McLean Unknown Unknown -
KY-Meade Unknown Unknown -
KY-Monroe Unknown Unknown -
KY-Muhlenberg Unknown Unknown -
KY-Ohio Unknown Unknown -
KY-Simpson Unknown Unknown -
KY-Todd Unknown Unknown -
KY-Trigg Unknown Unknown -
KY-Union Unknown Unknown -
KY-Warren Unknown Unknown -
KY-Webster Unknown Unknown -
LA-Acadia Occupied Occupied 2016 
LA-Allen Occupied Occupied 2012 
LA-Ascension Occupied Occupied 1999 
LA-Assumption Occupied Occupied 1998 
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State-County Current Historical Last Record Notes 
LA-Avoyelles Occupied Occupied 2000 
LA-Beauregard Occupied Occupied 2018 
LA-Bienville Occupied Occupied 2000 
LA-Bossier Occupied Occupied 2014 
LA-Caddo Occupied Occupied 2000 
LA-Calcasieu Occupied Occupied 2014 
LA-Caldwell Occupied Occupied 2013 
LA-Cameron Unknown Unknown -
LA-Catahoula Occupied Occupied 2000 
LA-Claiborne Occupied Occupied -
LA-Concordia Occupied Occupied 1999 
LA-De Soto Occupied Occupied 2000 
LA-East Baton Rouge Occupied Occupied 2014 
LA-East Carroll Occupied Occupied 1947 
LA-East Feliciana Occupied Occupied 1994 
LA-Evangeline Occupied Occupied 2000 
LA-Franklin Occupied Occupied -
LA-Grant Occupied Occupied 1965 
LA-Iberia Occupied Occupied 2014 
LA-Iberville Occupied Occupied 1998 
LA-Jackson Occupied Occupied -
LA-Jefferson Occupied Occupied 1962 
LA-Jefferson Davis Occupied Occupied 2012 
LA-Lafayette Occupied Occupied 2016 
LA-Lafourche Occupied Occupied 1950 
LA-LaSalle Occupied Occupied 2000 
LA-Lincoln Occupied Occupied -
LA-Livingston Occupied Occupied 2004 
LA-Madison Occupied Occupied -
LA-Morehouse Occupied Occupied 2015 
LA-Natchitoches Occupied Occupied 2014 
LA-Orleans Occupied Occupied 1950 
LA-Ouachita Occupied Occupied 1983 
LA-Plaquemines Occupied Occupied 1997 
LA-Pointe Coupee Occupied Occupied 1999 
LA-Rapides Occupied Occupied 2014 
LA-Red River Occupied Occupied 2000 
LA-Richland Occupied Occupied -
LA-Sabine Occupied Occupied 1974 
LA-St. Bernard Occupied Occupied -
LA-St. Charles Occupied Occupied 1997 
LA-St. Helena Occupied Occupied -
LA-St. James Occupied Occupied 1997 
LA-St. John the Baptist Occupied Occupied 1997 
LA-St. Landry Occupied Occupied 1970 
LA-St. Martin Occupied Occupied 2014 
LA-St. Mary Occupied Occupied 2014 
LA-St. Tammany Occupied Occupied 1997 
LA-Tangipahoa Occupied Occupied 2004 
LA-Tensas Occupied Occupied -
LA-Terrebonne Occupied Occupied 1999 
LA-Union Occupied Occupied 1950 
LA-Vermilion Occupied Occupied 1998 
LA-Vernon Occupied Occupied 2007 
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State-County Current Historical Last Record Notes 
LA-Washington Occupied Occupied 2018 
LA-Webster Occupied Occupied 2014 
LA-West Baton Rouge Occupied Occupied -
LA-West Carroll Occupied Occupied -
LA-West Feliciana Occupied Occupied 1999 
LA-Winn Occupied Occupied 2014 
MO-Bollinger Occupied Occupied 2013 
MO-Butler Occupied Occupied 2010 
MO-Cape Girardeau Occupied Unknown 2018 
MO-Carter Unknown Unknown -
MO-Christian Unknown Unknown -
MO-Douglas Occupied Occupied 2012 
MO-Dunklin Occupied Occupied 2010 
MO-Greene Occupied Unknown 2008 
MO-Howell Occupied Unknown 2017 
MO-Lewis Not Occupied Occupied 1965 
MO-Madison Occupied Unknown 2018 
MO-Mississippi Occupied Occupied 2007 
MO-New Madrid Unknown Occupied 1993 
MO-Oregon Occupied Unknown 2004 
MO-Ozark Occupied Occupied 2008 
MO-Pemiscot Occupied Occupied 2009 
MO-Ripley Occupied Occupied 2017 
MO-Scott Unknown Unknown -
MO-Shannon Occupied Unknown 2016 
MO-St. Francois Unknown Occupied 1948 
MO-St. Louis Occupied Unknown 2014 
MO-Stoddard Occupied Occupied 2013 
MO-Stone Occupied Unknown 2008 
MO-Taney Occupied Occupied 2004 
MO-Wayne Occupied Occupied 2018 
MS-Adams Unknown Unknown -
MS-Alcorn Unknown Unknown -
MS-Amite Unknown Unknown -
MS-Attala Occupied Unknown 2018 
MS-Benton Unknown Unknown -
MS-Bolivar Unknown Unknown -
MS-Calhoun Unknown Unknown -
MS-Carroll Occupied Unknown 2000 
MS-Chickasaw Unknown Unknown -
MS-Choctaw Unknown Unknown -
MS-Claiborne Unknown Unknown -
MS-Clarke Occupied Unknown 2018 
MS-Clay Unknown Unknown -
MS-Coahoma Unknown Unknown -
MS-Copiah Occupied Unknown 2018 
MS-Covington Occupied Unknown 2017 
MS-DeSoto Unknown Unknown -
MS-Forrest Occupied Occupied -
MS-Franklin Unknown Unknown -
MS-George Occupied Unknown 2018 
MS-Greene Occupied Occupied 2018 
MS-Grenada Unknown Unknown -
MS-Hancock Occupied Unknown 2018 
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State-County Current Historical Last Record Notes 
MS-Harrison Unknown Occupied 1991 
MS-Hinds Occupied Unknown 2018 
MS-Holmes Occupied Unknown 2018 
MS-Humphreys Unknown Occupied 1973 
MS-Issaquena Unknown Occupied 1977 
MS-Itawamba Unknown Unknown -
MS-Jackson Occupied Unknown -
MS-Jasper Unknown Unknown -
MS-Jefferson Unknown Unknown -
MS-Jefferson Davis Unknown Unknown -
MS-Jones Unknown Unknown -
MS-Kemper Unknown Unknown -
MS-Lafayette Unknown Unknown -
MS-Lamar Unknown Unknown -
MS-Lauderdale Unknown Unknown -
MS-Lawrence Occupied Unknown 2018 
MS-Leake Occupied Unknown 2018 
MS-Lee Unknown Unknown -
MS-Leflore Occupied Unknown 2000 
MS-Lincoln Unknown Unknown -
MS-Lowndes Unknown Unknown -
MS-Madison Occupied Unknown 2018 
MS-Marion Occupied Occupied 2018 
MS-Marshall Unknown Unknown -
MS-Monroe Unknown Unknown -
MS-Montgomery Unknown Unknown -
MS-Neshoba Occupied Occupied 2018 
MS-Newton Occupied Occupied 2016 
MS-Noxubee Occupied Occupied 2018 
MS-Oktibbeha Unknown Occupied 1992 
MS-Panola Unknown Occupied 1992 
MS-Pearl River Occupied Unknown 2018 
MS-Perry Occupied Occupied 2017 
MS-Pike Occupied Unknown 2018 
MS-Pontotoc Unknown Unknown -
MS-Prentiss Unknown Unknown -
MS-Quitman Unknown Unknown -
MS-Rankin Occupied Occupied 2018 
MS-Scott Occupied Unknown 2018 
MS-Sharkey Unknown Unknown -
MS-Simpson Occupied Unknown 2018 
MS-Smith Unknown Unknown -
MS-Stone Occupied Unknown 2018 
MS-Sunflower Occupied Occupied 2018 
MS-Tallahatchie Occupied Occupied 2018 
MS-Tate Unknown Unknown -
MS-Tippah Unknown Unknown -
MS-Tishomingo Unknown Unknown -
MS-Tunica Occupied Unknown 2009 
MS-Union Unknown Unknown -
MS-Walthall Unknown Unknown -
MS-Warren Unknown Occupied 1977 
MS-Washington Occupied Occupied 2018 
MS-Wayne Occupied Unknown 2017 
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State-County Current Historical Last Record Notes 
MS-Webster Unknown Unknown -
MS-Wilkinson Unknown Unknown -
MS-Winston Unknown Unknown -
MS-Yalobusha Unknown Unknown -
MS-Yazoo Occupied Occupied 2018 
OK-Adair Unknown Unknown -
OK-Atoka Occupied Occupied 2015 
OK-Bryan Unknown Occupied 1960 
OK-Carter Unknown Unknown -
OK-Cherokee Unknown Occupied 1941 
OK-Choctaw Unknown Occupied -
OK-Coal Unknown Unknown -
OK-Craig Unknown Occupied 1952 
OK-Creek Unknown Unknown -
OK-Delaware Unknown Unknown -
OK-Haskell Occupied Occupied 2002 
OK-Hughes Unknown Unknown -
OK-Johnston Unknown Occupied -
OK-Kay Unknown Unknown -
OK-Latimer Unknown Unknown -
OK-Le Flore Occupied Occupied 2018 
OK-Marshall Unknown Occupied -
OK-Mayes Occupied Occupied 2018 
OK-McCurtain Occupied Occupied 2004 
OK-McIntosh Occupied Occupied 2009 
OK-Muskogee Occupied Occupied 2010 
OK-Nowata Unknown Occupied -
OK-Okfuskee Unknown Unknown -
OK-Okmulgee Unknown Occupied 1994 
OK-Osage Unknown Occupied -
OK-Ottawa Unknown Occupied -
OK-Pawnee Not Occupied Unknown -
OK-Pittsburg Occupied Occupied 2001 
OK-Pontotoc Not Occupied Unknown -
OK-Pushmataha Occupied Occupied 2004 
OK-Rogers Unknown Occupied 1939 
OK-Sequoyah Occupied Occupied 2010 
OK-Tulsa Not Occupied Occupied 1931 
OK-Wagoner Unknown Occupied 1992 
OK-Washington Unknown Occupied 1939 
OK-Woods Not Occupied Unknown -
TN-Benton Occupied Occupied -
TN-Carroll Not Occupied Occupied -
TN-Chester Not Occupied Occupied -
TN-Crockett Not Occupied Occupied -
TN-Davidson Occupied Occupied 2015 
TN-Decatur Occupied Occupied 2017 
TN-DeKalb Occupied Occupied 2017 
TN-Dyer Occupied Occupied 2016 
TN-Fayette Occupied Occupied 2018 
TN-Gibson Not Occupied Occupied -
TN-Hardeman Not Occupied Occupied 1970 
TN-Hardin Not Occupied Occupied -
TN-Haywood Not Occupied Occupied -
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State-County Current Historical Last Record Notes 
TN-Henderson Not Occupied Occupied -
TN-Henry Not Occupied Occupied 1965 
TN-Houston Occupied Occupied 2000 
TN-Humphreys Occupied Occupied 2017 
TN-Lake Occupied Occupied 2018 
TN-Lauderdale Not Occupied Occupied -
TN-Madison Not Occupied Occupied -
TN-McNairy Not Occupied Occupied 1975 
TN-Montgomery Not Occupied Occupied -
TN-Obion Occupied Occupied 2015 
TN-Perry Not Occupied Occupied 1971 
TN-Shelby Occupied Occupied 2016 
TN-Stewart Occupied Occupied 2017 
TN-Tipton Occupied Occupied 2017 
TN-Wayne Occupied Occupied 2006 
TN-Wilson Not Occupied Occupied 1983 
TX-Anderson Occupied Occupied 2014 
TX-Angelina Occupied Unknown 2016 
TX-Bowie Occupied Unknown 2010 
TX-Camp Unknown Unknown -
TX-Cass Occupied Unknown 2014 
TX-Chambers Unknown Unknown -
TX-Cherokee Unknown Occupied 2013 
TX-Collin Occupied Unknown 2002 
TX-Dallas Unknown Unknown -
TX-Delta Unknown Unknown -
TX-Fannin Unknown Occupied 1993 
TX-Franklin Unknown Occupied 1986 
TX-Freestone Unknown Occupied 2013 
TX-Grayson Unknown Occupied 1993 
TX-Gregg Unknown Occupied 2013 
TX-Hardin Occupied Occupied 2018 
TX-Harris Occupied Occupied 2019 
TX-Harrison Occupied Occupied 2015 
TX-Henderson Occupied Occupied 2014 
TX-Hopkins Unknown Occupied 2013 
TX-Houston Unknown Occupied 1986 
TX-Jasper Occupied Occupied 2016 
TX-Jefferson Unknown Occupied 2013 
TX-Lamar Unknown Occupied 1993 
TX-Leon Occupied Occupied 2013 
TX-Liberty Occupied Occupied 2016 
TX-Madison Occupied Unknown 2017 
TX-Marion Occupied Occupied 2009 
TX-Montgomery Occupied Unknown 2019 
TX-Morris Unknown Unknown -
TX-Nacogdoches Occupied Occupied 2001 
TX-Newton Occupied Occupied 2000 
TX-Orange Unknown Occupied 2013 
TX-Panola Occupied Occupied 2004 
TX-Polk Unknown Occupied 2013 
TX-Rains Unknown Occupied 1985 
TX-Red River Unknown Occupied 2013 
TX-Rockwall Unknown Unknown -
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State-County Current Historical Last Record Notes 
TX-Rusk Occupied Occupied 2016 
TX-Sabine Occupied Occupied 2000 
TX-San Augustine Unknown Unknown -
TX-San Jacinto Occupied Occupied 2000 
TX-Shelby Occupied Occupied 2016 
TX-Smith Occupied Occupied 2014 
TX-Tarrant Occupied Unknown 2018 
TX-Titus Unknown Occupied 2013 
TX-Trinity Unknown Unknown -
TX-Tyler Occupied Occupied 2010 
TX-Upshur Unknown Unknown -
TX-Van Zandt Unknown Unknown -
TX-Walker Occupied Occupied 2000 
TX-Wood Occupied Occupied 2001 
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APPENDIX E - Future Condition Model Methods and Results 

Author: Abby J. Lawson, Alabama Cooperative Fish and Wildlife Research Unit, Auburn 
University 

OVERVIEW 

Here we describe the analytical framework used to evaluate the current and future conditions of 
alligator snapping turtle (hereafter AST) populations across their range. We constructed a 
female-only, stage-structured Lefkovitch matrix model to project AST population dynamics over 
50 annual timesteps. We used the best available data from the literature to parameterize the 
projection matrix, and elicited data from taxon experts to quantify stage-specific initial 
abundance, the spatial extent of threats, and threat-specific percent reductions to survival. To 
reflect differences among analysis units, we adjusted initial abundance and some demographic 
parameters within the matrix model based on the proportion of the population within the unit 
exposed to each threat, including all threat-overlap combinations. To account for potential 
uncertainty in the effects of each threat, we created six different scenarios, in which a portion of 
the expert-elicited threat-induced reductions to survival were unaltered, increased, or decreased, 
and the spatial extent of each threat left the same, or reduced to simulate “conservation actions”. 
We used a stochastic projection model that accounted for parametric uncertainty in the 
demographic parameters, to predict future conditions of the AST in four of the seven analysis 
units under the six different scenarios. We then used the model output to predict the probability 
of extirpation and quasi-extirpation, defined here as the probability that the total AST population 
declined to less than 5% of the population size in year one of the simulation within an analysis 
unit. 

METHODS 

Expert Elicitation 

We relied on expert elicitation to fill information gaps needed to project AST population 
dynamics under alternative scenarios of future conditions. For modeling purposes, we used 
remote expert elicitation to parameterize stage-specific initial abundance, habitat loss 
mechanisms, the spatial extent of threats, and threat-specific percent reductions to survival. We 
conducted a four-point elicitation (Speirs-Bridge et al. 2010, p. 515) of the expert team via e-
mail (questions in Appendix C), in which we asked the respondent to provide a minimum, 
maximum, and mean numerical value, as well as the percent confidence that the true mean was 
within the minimum and maximum range for quantity-based questions. We applied the same 
quality control and summarization process to all questions that were pertinent to our modeling 
efforts. Specifically, we only included responses to individual questions that included at least the 
first three quantities (minimum, maximum, mean), and assigned a value of 50% to all missing or 
blank confidence values. Using these responses, we back calculated the distribution that each 
expert was describing by assuming the minimum and maximum were equivalent to the upper and 
lower boundaries of a 95% confidence interval around the identified mean value. For each 
response, we calculated two quantities that described the potential error range: mean (μ) minus 
the minimum divided by 1.96 (SD1) and maximum minus mean divided by 1.96 (SD2), this 
essentially reverses the 95% confidence interval calculations (95% C.I. = µ ± 1.96 × σ). This 
approach assumes a normal, or bell curve, shape to the distributions which may not be true since 
for some experts that mean value was closer to the minimum or maximum that in the middle for 
some quantities. For each question, we then calculated the weighted mean across experts for 
mean, SD1, and SD2, using the percent confidence quantity as weights. Lastly, we averaged the 
weighted averages of SDs 1 and 2 to create a single measure of error. 
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The responses for the Western, Southern Mississippi – West, and Northern Mississippi – West 
analysis units did not meet the minimum quality control standards for the unit-specific quantities 
(e.g., initial abundance, spatial extent of threats); therefore, we dropped these units from the 
modeling framework. The exclusion of these units did not affect the range-wide quantities (e.g., 
threat-specific reductions to parameters), as all responses that met the quality control standards 
were included, regardless of the expert’s analysis unit affiliation. 

Matrix Model Construction 

We constructed a female-only, stage-structured Lefkovitch matrix model (Caswell 2001, p. 33) 
to project alligator snapping turtle (AST) population dynamics over annual timesteps in each 
analysis unit. We based our model off the peer reviewed and published model in Folt et al. 
(2016, p. 24) and corrected the model to reflect guidance on the appropriate structure of matrix 
population models (Kendall et al. 2019, p. 33) and to better support the SSA needs. Our 
conceptual model of the AST’s life cycle (Figure E1) that parameterized the matrix model used a 
prebreeding census structure with two life stages: Juveniles (J) included individuals ≥1 year-old 
that had not reached reproductive maturity, whereas Adults (A) included mature, breeding 
individuals. For each timestep (year), individuals in the juvenile stage could either remain a 
juvenile with probability PJ or transition to the adult stage (grow) with probability GJ: 

𝐺𝐺𝐽𝐽 = 𝜙𝜙𝐽𝐽 × 𝛾𝛾𝐽𝐽 

𝑃𝑃𝐽𝐽 = 𝜙𝜙𝐽𝐽 × (1 − 𝛾𝛾𝐽𝐽) 

where φJ is annual juvenile survival and γJ is the fraction of individuals that reach maturity at the 
end of the timestep. Upon reaching reproductive maturity, the probability of remaining in the 
adult stage class (PA) was equal to adult annual survival φA (Figure D1). Given the prebreeding 
census structure, adults were the only stage class contributing to fecundity (FA), the number of 
female offspring produced per adult female in each timestep: 

𝐹𝐹𝐴𝐴 = 𝐵𝐵𝑃𝑃 × 𝐶𝐶𝐶𝐶 × 𝜙𝜙𝑁𝑁 × 𝑁𝑁𝐶𝐶𝐶𝐶 × 𝐹𝐹𝑃𝑃 × 𝜙𝜙𝐻𝐻 (Eq. 1) 
in which BP is the proportion of adult females that breed annually and CS is clutch size. Nest 
survival (φN) is the proportion of nests in which one egg successfully hatched, whereas nest 
success (NSC) is the proportion of eggs from which a hatchling successfully emerged in 
surviving nests, FP is the proportion of female hatchlings (neonates), and φH is the survival rate 
for hatchlings from nest emergence to one year of age. 

Matrix model parameterization. — To parameterize the four elements (PJ, GJ, PA, FA) of our 
projection matrix A, we used a combination of demographic parameter estimates elicited from 
taxon experts, and the literature for AST or closely-related species (e.g., Chelydra serpentina). 
When possible, we selected for demographic parameters from reference populations that had 
minimal exposure to threats, meaning that their parameter estimates were a closer approximation 
of the parameter’s “true” or “biological” value and more appropriate for perturbation analyses 
that seek to isolate the effects of threats and stressors. Though we created separate projection 
matrices for each analysis unit u (Au), all demographic parameters used to calculate the matrix 
elements were the same across all seven units, with the exception of φJ. This approach assumed 
that differences in demographic parameters among the analysis units were driven by unit-specific 
factors such as climate or exposure to threats (e.g., fishing bycatch). 

𝑃𝑃𝐽𝐽,𝑢𝑢 𝐹𝐹𝐴𝐴 𝑨𝑨𝒖𝒖 = � �𝐺𝐺𝐽𝐽,𝑢𝑢 𝑃𝑃𝐴𝐴 
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We incorporated stochasticity into our modeling framework by modeling each demographic 
parameter (summarized in Table E1) as a draw from a statistical distribution based on the 
parameter’s mean (μ) and sampling standard deviation (σS; σ hereafter). In our simulation model 
we partitioned our variance into sampling variance (to model parametric uncertainty) and 
temporal variability according to the methods described by McGowan et al. (2011, p. 1401) and 
here we report the mean and sampling standard deviation (square root of the sampling variance) 
for brevity. For all analysis units except Northern Mississippi – East, we based the φJ parameter 
on an apparent survival estimate from a 16-year mark-recapture study of an AST reference 
population located within Spring Creek, Georgia, USA (0.86; Folt et al. 2016, p. 26). In our 
model, however, we increased the Folt et al. (2016) juvenile apparent survival estimate by 5% 
(μ: 0.90, σ: 0.027) to account for potential dispersal (i.e., permanent emigration) of juvenile 
AST. Juvenile AST are known to move greater distances compared to adults (Riedle et al. 2006, 
p. 37), though no peer-reviewed estimates of AST natal dispersal rates exist. We applied a 
different juvenile survival estimate for the Northern Mississippi – East analysis unit, which 
includes the northern extent of the AST’s geographic distribution (Thompson et al. 2016, p. 429), 
to reflect the effects of cooler temperatures that can increase mortality in juvenile age classes 
during winter months (Dreslik et al. 2017, p. 22). We used the median annual survival estimate 
(μ: 0.73, σ: 0.035) for individuals aged 1–16 reported by Dreslik et al. (2017, Table 21, p. 26). 
The juvenile survival rates reported in Dreslik et al. (2017, p. 22) were estimated from a known-
fate analysis, in which dispersal events can be distinguished from mortality, therefore we did not 
increase the survival estimates, as done for the other units. The age-specific survival estimates 
were derived by interpolating a decay function between a hatchling survival rate (Bass 2007, 
entire) and an asymptotic adult survival rate (beginning at 17 years of age) reported by Folt et al. 
(2016, p. 27). The decay function used age-specific survival data points from head-started AST 
juveniles released as 2, 3, and 4-year olds in southern Illinois (Dreslik et al. 2017, p. 26). 

Juvenile female AST reach sexual maturity (i.e., transition to the adult stage) at 13–21 years of 
age (Tucker and Sloan 1997, p. 589), for a median juvenile stage duration of 16 years. We 
derived γJ, the proportion of individuals transitioning from the juvenile to adult stage in each 
timestep, using the asymptotic age-within-stage structure (AAS) formula (Kendall et al. 2019, p. 
36): 

(𝜙𝜙𝐽𝐽/𝜆𝜆1)𝑇𝑇𝐽𝐽−1 

𝛾𝛾𝐽𝐽 = 𝑇𝑇𝐽𝐽−1 ∑ (𝜙𝜙𝐽𝐽/𝜆𝜆1)𝑘𝑘 
𝑘𝑘=0 

where TJ is the mean duration in the juvenile stage (16 years) indexed by k years, and λ1 is the 
asymptotic growth rate. Specifically, we used the ‘make_stage4age_matrix’ function in the 
mpmtools package (Kendall 2019, website) within the R statistical program (R Core Team 2019, 
software) to apply the AAS formula and solve for γJ. We assumed that sexual maturity was 
based on age, rather than size, and used the same γJ value for all analysis units (μ: 0.019, σ: 
0.011), despite a negative association between juvenile growth rates and latitude (Dreslik et al. 
2017, p. 36). Thus, our analysis assumed that females in northern areas reach sexual maturity at 
a smaller size, but similar age to females in southern portions of the AST range. 

We parameterized adult survival (φA) using the estimate reported by Folt et al. (2016, p. 26; μ: 
0.95, σ: 0.017) for all analysis units. Studies suggest that not all adult AST females breed every 
year (Dobie 1971, 650), therefore we set breeding probability (BP) within the adult fecundity 
formula (Eq. 1) to 0.98 (σ: 0.011). Though clutch sizes in turtles are thought to positively vary 
with latitude (Iverson et al. 1993, p. 2450), existing clutch sizes reported for AST did not adhere 
to this pattern (Table E2). Therefore, we constructed a weighted mean of clutch sizes reported 
across the AST’s range (Table E2), using the number of nests from each study as weights, and 
the standard deviation used in Folt et al. (2016; p. 26) to model clutch size (CS; μ: 33.2, σ: 10).  

SSA Report – Alligator Snapping Turtle 153 March 2021 



 

     

 
  

  
 

   
   

  
   

 
   

  

    
 

   
 

 
 

 
   

 
  

  
    

  
    

 
 

  

  

 
 

  
   

 
  

 
  

  
 

  
  

 

   
  

  

We used parameter estimates from an AST nesting study in the lower Apalachicola drainage 
(Ewert et al. 2006, p. 67) in the Apalachicola analysis unit to model nest survival (φN; μ: 0.13, σ: 
0.027) and nest success (NSC; μ: 0.72, σ: 0.036). Sex in AST is environmentally determined 
based on incubation temperatures and follows Pattern II in which predominantly produces males 
at temperatures 24–27°C, and temperatures below or above this range produce mainly females 
(Ewert et al. 1994, p. 10). No published estimates of wild AST hatchling sex ratios from 
unperturbed nests exist, though relatively even sex ratios have been reported for C. serpentina 
(0.47; Congdon et al. 1994) and other turtle species (Heppell 1998, p. 369). Therefore, as 
consistent with previous AST population viability assessments (Folt et al. 2016, p. 25, Dreslik et 
al. 2017, p. 10), we assumed a 1:1 hatchling sex ratio for the proportion of female hatchlings 
(FP; μ: 0.50, σ: 0.040). Finally, the prebreeding census structure used in our matrix model 
required that hatchling survival (φH) also be included in the fecundity term (Eq. 1), rather than 
treating hatchlings as a separate stage class (Caswell 2011, p.25). No peer-reviewed estimates of 
annual AST hatchling survival exist, therefore we used 0.15 (σ: 0.029), which was used in Folt et 
al. (2016, p. 25), and is based on φJ estimates of related turtle species (e.g., C. serpentina; 
Congdon et al. 1994, p. 399, Heppell 1998, p. 370 and references therein). 

Based on the recommendations of Kendall et al. (2019, p. 33), our resulting matrix model 
contained extensive structural differences compared to the model published in Folt et al. (2016, 
p. 24, i.e., the original basis for our model), which we detail here. For the juvenile transition term 
(γJ), the Folt et al. (2016, p. 25) model used a simple 1/median duration in the juvenile stage to 
approximate the probability of transition between juvenile to adult, which is a common practice 
in population modeling but that approximation assumes the population is in a stable age 
distribution, which is not often the case. Moreover, the median juvenile duration term 
(denominator) in the Folt model was misspecified as 17, which reflects the median age at 
maturity, rather than the median duration (16), due to the AST’s first year of life as a hatchling 
(neonate) with a different survival rate (φH). The Folt model omitted survival (φJ) from the 
juvenile growth matrix element (GJ), which assumes a different timestep process than our model 
used and so we modified that parameter in our model according to the recommendations from 
Kendall et al. (2019, p. 36). The postbreeding census structure used by Folt et al. (2016, p. 24), 
requires that adult female survival be included in the adult fecundity formula (Caswell 2001, p. 
25), though it was not used in the Folt model. Similarly, the postbreeding structure also requires 
a juvenile fecundity term be included as a matrix element, to include individuals that transition 
from the juvenile to adult stage within the timestep (Caswell 2001, p. 25), though Folt et al. 
(2016, p. 24) set juvenile fecundity to zero. Our model used a prebreeding census structure, in 
which the final two points are not applicable. 

The misspecifications in the Folt model described above are expected to produce opposing biases 
on the asymptotic growth rate (λ). For example, overestimating duration in the juvenile stage 
and omitting juvenile fecundity would have biased λ low, whereas omitting juvenile survival 
from the juvenile growth element and omitting adult survival from the adult fecundity element 
would have biased λ high. However, the cumulative changes to the baseline Folt et al. (2016, p. 
24) model required for a correct specification change the population from stable or increasing by 
up to 3% annually (λ = 1.03) as reported in Folt et al. (2015, p. 27) to decreasing by up to 3% 
annually (λ = 0.97). Lastly, upon reviewing the code used in Folt et al. (2016; B. Folt, pers. 
communication) we found an additional error that may have artificially inflated the precision of λ 
in the stochastic simulation. The function used to generate the lognormal distribution shape and 
scale parameters for the mean duration in the juvenile stage and clutch size was misspecified, so 
that the resulting distributions generated draws that underestimated both the intended mean and 
standard deviations. However, the elasticity analysis results in Folt et al. (2016, p. 28), which 
were consistent with expected patterns for long-lived species (Stearns 1992, entire), indicate that 
λ was relatively inelastic to the matrix elements that contained the affected parameters. Though 
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the effects of the lognormal misspecification were minor, the type of error is expected to 
produced opposing biases on the λ value, and systematically underestimate the standard 
deviation (i.e., inflate the precision). 

Stochastic simulation and parametric uncertainty. — We used the projection matrix Au in a 
stochastic simulation framework that contained two nested loops: an inner temporal loop that 
specified the number of timesteps to project forward (n=50 years), and an outer simulation loop 
that specified the number iterations in which to replicate the temporal loop (n=500). Given the 
paucity of AST demographic parameter estimates in the literature, we incorporated parametric 
uncertainty into our modeling framework using the methods described by McGowan et al. (2011, 
p. 1401). Parametric uncertainty, or sampling variance (𝜎𝜎𝑆𝑆2), reflects the lack of perfect 
knowledge of the parameter’s true value due to population sampling, whereas process (temporal) 
variance (𝜎𝜎𝑃𝑃2) is the fluctuation in demographic parameters attributed to demographic or 
environmental stochasticity (Williams et al. 2002, p. 219, McGowan et al. 2011, p. 1401). No 
AST study to date has partitioned parameter variance in to sampling and process variance 
(Morris and Doak 2002, p. 348); therefore parametric uncertainty levels in AST population 
dynamics remain largely unknown. 

The standard deviations (σ) for each of the demographic parameters described in the previous 
section were used to reflect parametric uncertainty (sampling variation; i.e., σ = σS) in the model. 
For each parameter (except CS), we used an iterative approach to identify 𝜎𝜎𝑆𝑆2 and 𝜎𝜎𝑇𝑇2 values that 

2partitioned the total variance (i.e., 𝜎𝜎𝑇𝑇 = 𝜎𝜎𝑆𝑆2 + 𝜎𝜎𝑃𝑃2) along a 2:3 ratio (i.e., 66% of the total 
variance was assigned to the sampling variance) and produced an average coefficient of variation 
(CV) ≈0.15 for σT across all parameters. Specifically we manipulated the CVs, which were 
common across all parameters (p), for each of the variance components: 

𝜎𝜎𝑆𝑆𝑆𝑆 = �𝜇𝜇𝑆𝑆 × (1 − 𝜇𝜇𝑆𝑆) × 𝐶𝐶𝐶𝐶𝑆𝑆 

𝜎𝜎𝑃𝑃𝑆𝑆 = �𝜇𝜇𝑆𝑆𝑆𝑆 × (1 − 𝜇𝜇𝑆𝑆𝑆𝑆) × 𝐶𝐶𝐶𝐶𝑃𝑃 (Eq. 2) 

in which σS,p is a function of a mean estimate of parameter p (μp; i.e., mean values in Table E1) 
and the sampling standard deviation’s coefficient of variation (CVS), whereas σP,p is a function of 
σS,p and the process standard deviation’s coefficient of variation (CVP). In both formulas, CV is 
the percentage of a theoretical maximum variation of a mean estimate for parameter p (μp); CV 
was held constant across all parameters (p), but differed between sampling and process 
variances. Our iterative process identified 0.08 and 0.002 as the highest possible values for CVS 
and CVP (respectively) that met our criteria, producing a CVT of 0.117, when averaged across all 
parameters. Though some of the demographic parameters we used to calculate the Au matrix 

2elements had existing estimates of 𝜎𝜎𝑇𝑇2 reported in the literature, we opted to generate 𝜎𝜎𝑆𝑆2 and 𝜎𝜎𝑃𝑃 
variance components that adhered to the criteria above to ensure model stability (i.e., avoid 
sampling negative values from probability distributions) and to treat parameters in a consistent 
manner. It is a common practice in simulation modeling to apply a coefficient of variation 
function when empirical estimates of variance are not available. The above formulas are only 
suitable for proportional parameters, therefore we implemented the desired variance partitioning 
ratio for clutch size (CS) by setting σS and σP to 10 and 5, respectively. Our decision to partition 
𝜎𝜎𝑇𝑇2 along a 2:3 ratio for 𝜎𝜎𝑆𝑆2 and 𝜎𝜎𝑃𝑃2 explicitly assumed that there is greater uncertainty in the true 
mean parameter value (i.e., parametric uncertainty) rather than the amount of annual variation, 
which is more conservative, given the dearth of AST demographic parameter estimates. 

Following the framework described in McGowan et al. (2011, p. 1402), we used μ and σS to 
generate distributions of the overall mean and variance for each parameter. For the overall 
mean, we used beta distributions for all survival rates (φH, φJ, φA, φN), the proportion of juveniles 
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transitioning to adults (γJ), BP, NSC, and FP— i.e., proportional parameters (μ.p)— whereas CS 
(a whole number) was sampled from a lognormal distribution. For each iteration i of the 
simulation loop, a mean (μ.pi, CSi) and process standard deviation (σPi) were drawn from the 
parameter’s overall mean and variance distributions: 

μ.pi ~ beta(α, β) 
CSi ~ lognormal(x1, x2) 

σPi ~ normal(σP, σP × 0.05) 
in which α and β are the beta distribution parameters which describe the shape of the distribution 
bounded between 0 and 1.0, x1 and x2 are the shape and scale parameters of lognormal 
distribution, for the overall mean distributions. We used a normal distribution (above) for the 
overall variance, which was used to draw iteration-specific process (temporal) variances (𝜎𝜎𝑃𝑃𝑃𝑃 2 ) to 
determine the amount of temporal variation in each demographic parameter. We verified before 
beginning our analysis that the error term of the normal distribution was small enough to avoid 
generating negative values. The variance parameter of the normal distribution (i.e., the variance 
of the variance) was set to 5% of the theoretical maximum based on the mean sampling process 
deviation (σP), determined in Eq. 2 (CVP = 0.002). Lastly, the iteration-specific means (μ.pi, CSi) 
and standard deviations (σPi) were then used to create iteration-specific distributions from which 
baseline parameter values were then drawn for each timestep t within iteration i: 

μ.pi,t ~ beta(αi, βi) 
CSi,t ~ lognormal(x1i, x2i) 

This hierarchical simulation structure (i.e., using embedded loops to replicate parameter 
uncertainty and temporal variability) is widely applied in decision support population viability 
modeling (McGowan et al. 2011, p. 1402; e.g., McGowan et al. 2017, p. 122). 

Future Condition Scenarios 

Incorporating threat effects. — The expert team identified six potential threats that were likely to 
reduce stage-specific survival probabilities (summarized in Table E3): commercial fishing 
bycatch (BYC; φH/φJ/φA), recreational fishing bycatch (BYR; φJ/φA), hook ingestion (HKI; 
φJ/φA), legal collection (CLL; φH/φJ/φA), illegal collection (CLI, i.e., poaching; φH/φJ/φA), and 
subsidized nest predators (SNP; φN). The baseline φN value that we used (0.13; Table E1) was 
based on a study in which 40 of 46 nests (87%) were depredated by raccoons (Procyon lotor; 
Ewert et al. 2006, p. 67). Therefore, the SNP threat was meant to reflect additional threats to 
nest survival, such as depredation of emerging neonates from fire ants (Solenopsis spp.). 

In the expert elicitation questionnaire, we asked the respondents to provide the following threat-
related quantities: percent reduction to a survival parameter attributed to each threat and the 
spatial extent of each threat within their analysis unit(s) of expertise. Thus, reductions to 
survival parameters attributed to each threat a (θa) were assumed to be the same across all 
analysis units, though the spatial extent of each threat (i.e., the proportion of the population 
exposed to the threat) was structured to vary among analysis units (ωa,u). For example, ingesting 
a fishing hook would be expected to produce the same percent reduction in φA across the entire 
range, though the probability that an individual AST encounters the threat would vary among 
analysis units. As such, we determined that CLL violated this assumption, as regulations for 
legal AST collection differed among states (LDWF 2019a, MFWP 2019, websites). Therefore, 
we decided to model the effects of CLL as a reduction in juvenile and adult abundances (see 
Legal Collection section) that varied across analysis units, rather than a reduction to 
demographic parameters. 
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We chose to focus on the potential uncertainty regarding the expert-elicited threat-specific 
parameter p reductions (θa,p) and the presence or absence of conservation actions to build 
alternative future condition scenarios. First, we defined three different “threat levels” by 
adjusting θa,p ±25% relative to the summarized expert elicitation responses: (1) decreased threat; 
(2) expert-elicited; (3) increased threat. Next, we defined conservation action-absent as ωa,u and 
present as reducing ωa,u by 25%. Using a two-factor design, this generated six different 
scenarios of decreased threat (DE-), expert-elicited (EE-), or increased threat (IN-), with 
conservation action absent (TH) or present (TH+): DETH, EETH, INTH, DETH+, EETH+, 
INTH+. For example, the DETH+ scenario reduced both θa,p and  ωa,u by 25%, relative to the 
summarized expert elicitation quantities for θa,p and ωa,u. The only exception to this structure is 
SNP, in which the expert-elicited θSNP,p and ωSNP,u. values were used for all scenarios. We chose 
to hold the SNP spatial extent (ωSNP,u) constant between the conservation action absent (TH) and 
present (TH+) based on the established difficulties of controlling fire ant populations to reduce 
nest depredation. Further, only the means for θa,p and ωa,u, and not the standard deviations, were 
adjusted across the different scenarios. 

We then used the means and standard deviations for θa,p and ωa,u to create beta distributions 
specific to each scenario s within the stochastic simulation framework, in which a different value 
of θp,a,s,i,t and ωa,u,s,i,t was drawn for each simulation i and timestep t: 

θp,a,s,i,t ~ beta(αa,p,s, βa,p,s) 
ωa,u,s,i,t ~ beta(αa,u,s, βa,u,s) 

Threat-weighted survival estimates. — To reflect spatial heterogeneity in threat occurrence and 
overlap within each analysis unit, we calculated a weighted average of each survival parameter, 
based on the probable occurrence and overlap of all possible threat combinations. For each 
analysis unit and survival parameter combination, the total number of threat combinations is 
equal to two raised to the power of the number of threats within the analysis unit that affect the 
survival parameter. For example, SNP and CLI are the only threats that affect φN (Table E3), 
and both occur in the Alabama analysis unit (Table E4). Therefore, φN in the Alabama analysis 
unit has four possible threat combination-specific c survival values (φN,Alabama,c): (1) SNP only; 
(2) CLI only; (3) SNP and CLI; (4) no threats. 

Survival for each threat combination c follows the general form: 

𝜙𝜙𝑆𝑆,𝑢𝑢,𝑐𝑐,𝑠𝑠,𝑃𝑃,𝑡𝑡 = 𝜙𝜙𝑆𝑆,𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 − �𝜙𝜙𝑆𝑆,𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 × ∑ 𝜃𝜃𝑆𝑆,𝑎𝑎,𝑠𝑠,𝑃𝑃,𝑡𝑡� (Eq. 3) 

in which the baseline survival parameter p for analysis unit u in iteration i at timestep t is reduced 
by the sum of the threat-specific a survival reductions (θ), which are expressed as a percent 
reduction to survival (Table E3). For combinations in which no threats occur (e.g., c =4 in the 
above example), θ is set to zero, meaning that the baseline survival probability drawn for 
survival parameter p in analysis unit u in scenario s iteration i at timestep t is used. 

After a survival estimate for each threat combination was calculated, we computed a weighted 
average of the survivals (φ′p,u,s,i,t), that was weighted according to the probability of the specific 
threat combination c occurring (δp,u,c,s,i,t). We treated each threat that could potentially occur as 
an independent trial in which the threat was either present with probability (𝜔𝜔𝑎𝑎,𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 ) or absent 
(1 − 𝜔𝜔𝑎𝑎,𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 ), and then multiplied the threat outcomes (presence or absence) together to 
calculate the threat combination probability. Extending the previous example for φN in the 
Alabama analysis unit, the CLI only (#2) combination probability would be calculated as 
follows, using the spatial extent values in Table E4: 
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𝛿𝛿𝐶𝐶𝐶𝐶𝐶𝐶 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 = 𝜔𝜔𝐶𝐶𝐶𝐶𝐶𝐶 × (1 − 𝜔𝜔𝑆𝑆𝑁𝑁𝑃𝑃) = 0.758 × (1 − 0.902) = 0.074 

All threat combinations must sum to one, meaning that in the example above, the survival value 
associated with the CLI only scenario will have a relatively small influence on the overall 
weighted nest survival estimate (φ′N), due to the low threat combination probability value 
(0.074). Thus, for c total threat combinations, the weighted average of survival parameter (φ′) p 
in analysis unit u in scenario s iteration i in year t is given by: 

𝑐𝑐 𝜙𝜙′𝑆𝑆,𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 = ∑1 𝛿𝛿𝑐𝑐,𝑆𝑆,𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 × 𝜙𝜙𝑆𝑆,𝑢𝑢,𝑐𝑐,𝑠𝑠,𝑃𝑃,𝑡𝑡 ) (Eq. 4) 

using the threat combination specific survival estimates derived in Eq. 3. Finally, the weighted 
averages of the survival parameters (φ′), as well as the demographic parameters not affected by 
threats (e.g., γ, CL, BP) were applied to their respective formulas to populate the projection 
matrix. 

Population Projection 

Time Frame. — We selected a 50-year time frame to simulate AST population dynamics because 
the duration allowed for initial demographic transient dynamics to settle and a population 
trajectory for each iteration to establish, and reflected a sufficiently-short timescale to remain 
relevant to decision makers, in the context of environmental conditions and existing threats that 
we incorporated into the projection model (Table E3). Preliminary simulation modeling 
indicated that the average time to extinction in our framework was <50 years, meaning that 
extending the time frame would not have likely influenced population viability assessment 
(PVA) metrics (described in Population Viability Assessment section), such as time to quasi-
extirpation. In other words, the number of time steps in our simulation framework was 
sufficiently large to avoid underestimating extirpation risk, as determined by the PVA metrics. 
From a cost-benefit perspective, expanding the number of time steps (>50 years) would have 
come at a computational cost (longer run time), for little benefit because the same number of 
iterations would be expected to go extinct compared to our framework that used a 50-year time 
frame. 

Initial abundance and stage distribution. — During the expert elicitation process, we asked all 
participants to provide an estimate of total AST population size within their analysis unit(s) of 
expertise, and to clarify which sex or age classes (hatchlings, juveniles, adults) their estimate 
included. We then combined the responses across experts according to the quality control 
criteria described earlier. However, with the exception of analysis unit eight, the expert-elicited 
abundance estimates included hatchlings, which were not included as a stage class in our matrix 
model due to the prebreeding census structure. For the purposes of initializing abundance in 
units 1–7, we re-formulated our projection model to reflect a prebreeding census structure with 
three stages (hatchlings, juveniles, adults) and multiplied the proportion of hatchlings at stable 
stage by the expert elicited total abundance estimates, to obtain the expected initial abundance of 
juveniles and adults only (IAu). We initialized the starting population for each analysis unit 
assuming that the population was in a stable stage distribution (ssdu), the corresponding 
eigenvector of the dominant eigenvalue of the projection matrix Au. 

Next, we created a series of stochastic variables to generate stage-specific abundances at time 
t=1, that were unique to each analysis unit u, scenario s, and iteration i combination. First, we 
converted IAu to a Poisson-distributed stochastic variable (Nu,s,i) that was multiplied by an initial 
stage distribution (isdu,s,i ) generated from a Dirichlet distribution to convert Nu,s,i back to stage-
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specific abundances. We parameterized the Dirichlet distribution using the unit-specific stable 
stage distribution (ssdu) multiplied by 10, to reduce the amount of variation. 

Nu,s,i ~ Poisson(IAu,s,i) 

𝒊𝒊𝒊𝒊𝒊𝒊𝑢𝑢,𝑠𝑠,𝑃𝑃 ~𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ𝑙𝑙𝑙𝑙𝑙𝑙(10 × 𝒊𝒊𝒊𝒊𝒊𝒊���������𝑢𝑢�⃗ ) 

All of the expert-elicited initial abundance estimates included both males and females, whereas 
our model was females-only. Therefore, we generated two samples of initial stage-specific sex 
ratios (isrj,u,s,i), one for each stage class j, from a normal distribution. We specified the 
distribution with a mean of 0.45 based on observed sex ratios in juveniles and adults from a 
reference population (Folt et al. 2016, p. 26) and a standard deviation that was assumed to be 
20% of the theoretical maximum. 

isrj,u,s,i ~ normal(0.45, 0.45 × (1−0.45) × 0.20) 
𝑛𝑛𝐽𝐽,𝑢𝑢,𝑠𝑠,𝑃𝑃,1� � = 𝑁𝑁𝑢𝑢,𝑠𝑠,𝑃𝑃 × 𝒊𝒊𝒊𝒊𝒊𝒊𝑢𝑢,𝑠𝑠,𝑃𝑃 × 𝒊𝒊𝒊𝒊𝒊𝒊𝑢𝑢𝑠𝑠,𝑃𝑃 𝑛𝑛𝐴𝐴,𝑢𝑢,𝑠𝑠,𝑃𝑃,1 

Finally, we multiplied the three stochastic quantities to generate stage-specific initial abundances 
(t=1) for all analysis unit, scenario, and iteration combinations (nj,u,s,i,1). 

Our modeling framework incorporated three additional effects believed to influence AST 
demography: habitat loss, legal collection, and head start releases. Unlike the threat-specific 
parameter reductions, these effects were held consistent across all future condition scenarios, 
though they were subject to stochastic variation among iterations and timesteps. The first two 
effects were applied directly to the stage-specific abundance vector nu,s,i,t, before it was 
multiplied by the projection matrix to project to the next timestep, whereas the effect of habitat 
loss was incorporated into the adult fecundity element in the projection matrix, but was 
contingent upon total abundance for t>1. 

Legal Collection. — The expert-elicitation process generated stage-specific reductions in 
survivals attributed to legal collection that were not specific to individual analysis units (Table 
E3). After reviewing the responses from experts, we suspected that some of the respondents may 
have interpreted the question at the analysis unit-level, rather than range-wide. Therefore, based 
on the potential inconsistencies, we decided to simulate the effects of legal collection on AST 
populations by an annual deduction of abundance within each unit so that we could better 
capture dynamics among analysis units. Currently, only Louisiana and Mississippi allow legal 
collection of AST. We did not incorporate the effects of the Mississippi harvest program 
because carapace length (>61 cm) restrictions functionally exclude females (MFWP 2019, 
website), which generally do not exceed 50 cm (Folt et al. 2016, p. 24). Whereas in Louisiana, 
current regulations allow for any angler with a freshwater fishing license to take one AST of any 
size per day (LDWF 2019b, website). Within our modeling framework, we restricted the effects 
of legal collection to the two remaining analysis units that overlapped geographically with 
Louisiana: Southern Mississippi – East and Alabama. 

No data are available from LDWF or other sources regarding legal AST collection, therefore, we 
relied upon annual freshwater fishing license and specialty permit sales for wire traps and hoop 
nets (often used to catch turtles) from 2012–2017 as an index of take (LDWF 2019b, website). 
We used several stochastic variables to generate an initial random number of AST to be collected 
each year (ANG), that was further refined based on population size and composition. First, we 
modeled the annual number of freshwater fishing licenses (FL) as a normally distributed 
variable, according to the mean and standard deviation of the LDWF data: 

FLu,s,i,t ~ normal(392771, 28970) 
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Next, we derived the proportion of individuals (anglers) that purchased wire trap or hoop net 
permits, relative to freshwater fishing licenses based on the average across years: 0.0094 ± 0.005. 
We rounded the annual proportion anglers that purchased permits for either trap type (PT: 0.010 
± 0.014) and modeled it as a beta distributed stochastic variable. We increased PT to account for 
the fact that some anglers may take more than one AST per year, and that anglers are permitted 
to deploy up to five traps of a single type at a time. We also scaled the amount of AST to be 
collected based on the proportion of Louisiana that overlapped with each analysis unit— 
Southern Mississippi – East (0.695) and Alabama (0.019)— and multiplied the three quantities: 

𝐴𝐴𝑁𝑁𝐺𝐺𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 = 𝐹𝐹𝐹𝐹𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 × 𝑃𝑃𝑃𝑃𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 × 𝑂𝑂𝐶𝐶𝑢𝑢 × 0.50 (Eq.5) 

The OVu adjustment, roughly, assumed that freshwater fishing license sales have an even spatial 
distribution in Louisiana. Lastly, we added a sex ratio adjustment (0.50) to account for the fact 
that not all anglers will catch females. Though this assumption is likely violated, attempting to 
spatially refine this quantity is likely of limited utility, as individuals may fish or set traps in 
parishes outside of where they bought their license. 

The random number of AST to be legally collected at each timestep within all analysis unit and 
scenario combinations (ANGu,s,i,t) was generated outside of the model’s looping structure. 
Within the model itself, we generated a stage-specific legal collection vector cll that was 
informed by other parameters. First, we limited the legal take of AST based on the proportion of 
the analysis unit that overlapped with Louisiana (LA): Southern Mississippi – East (0.316) and 
Alabama (0.013). Note that the purpose of OV in Eq. 5 was to limit the randomly generated AST 
collection based on fishing license sales in Louisiana, whereas the purpose of LA was to limit the 
proportion of the population within the analysis unit exposed to legal collection. Like OV, the 
LA adjustment assumed that AST were evenly distributed in space within the analysis unit. 
While this assumption is likely violated, it is difficult to refine the LA values in the absence of a 
detailed GIS analysis that could estimate AST densities within each of the analysis units based 
on habitat types. 

After reducing the randomly generated AST harvest based on HT and LAu, we further scaled the 
annual take based on the proportion of total AST (N, i.e., both stage classes) currently in the 
analysis unit u at time t relative to the population size in iteration i at t=1: 

𝑁𝑁𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 

𝑁𝑁𝑢𝑢,𝑠𝑠,𝑃𝑃,1 
The proportion of AST relative to starting population size adjusted for “catchability”, in that the 
number of AST captured is expected to positively vary with population size. Finally, to produce 
stage-specific legal collection quantities (cj,u,s,i,t) within the cll vector, we assumed that stage 
classes were harvested (approximately) in proportion to their occurrence in the population, 
denoted by the vector on the far right of the below equation: 

𝑛𝑛𝐽𝐽,𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 + (0.02 × 𝑁𝑁𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 )
𝐷𝐷𝐽𝐽,𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 𝑁𝑁𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 

�𝑁𝑁𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 � � = 𝐴𝐴𝑁𝑁𝐺𝐺𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 × 𝐹𝐹𝐴𝐴𝑢𝑢 × × � �𝐷𝐷𝐴𝐴,𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 𝑁𝑁𝑢𝑢,𝑠𝑠,𝑃𝑃,1 𝑛𝑛𝐴𝐴,𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 − (0.02 × 𝑁𝑁𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 )�𝑁𝑁𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 
We increased collection of juveniles by 2% (relative to their proportion in the population) and 
correspondingly, reduced harvest of adults by the same amount, to account for potential harvest 
of hatchlings. Due to the pre-breeding census structure, the model does not produce hatchling 
abundance estimates in which a legal collection function could be applied. Therefore, we opted 
to instead account for potential collection of hatchlings by increasing the relative proportion of 
juvenile collection. 
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Head Start Releases. — Several states within the AST’s distribution have initiated head start 
release programs, in which AST are raised for several years in captivity and then released into 
the wild population as juveniles (Dreslik et al. 2017, p. 13). Similarly, states also 
opportunistically release adult AST confiscated from illegal activities (e.g., poaching) into wild 
populations, when available. We included the juvenile and adult releases within the model, 
though only for the first ten timesteps within an iteration, to avoid having AST population 
persistence be contingent on head start activities (i.e., conservation-dependent). We 
parameterized the releases in the model based on statistics from Illinois described in Dreslik et 
al. (2017; juveniles: ~30 individuals/year, adults: ~12, p. 13). The mean number of releases did 
not vary among analysis units or scenarios, but because of the uncertainty and variability in the 
simulations, the specific value drawn for each year in each unit in each replicate varied. 
Specifically, for the first ten timesteps (t<11) of each iteration, the number of released juveniles 
(hJ,i,t) and adults (hA,i,t) were drawn from Poisson distributions and placed in the hsd vector: 

hJ ~ Poisson(30) 
hJ ~ Poisson(12) 

ℎ𝐽𝐽,𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 𝒉𝒉𝒊𝒊𝒊𝒊𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 = � �ℎ𝐴𝐴,𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 

whereas hsdu,s,i,>10 contained all 0s beyond the first ten timesteps after the releases ceased. For 
the baseline model, we ran two scenarios— one that included releases of adults and juveniles and 
one in which no releases occurred. 

Given the uncertainty regarding the number of harvested individuals, we ran a “no legal 
collection scenario for the two affected analysis units for comparative purposes. All results 
reflect the presence of legal collections, unless otherwise noted. 

Habitat Loss Function. — We asked the expert team to list habitat loss mechanisms within their 
analysis unit(s) of expertise. After adjusting for spelling, grammar, and linguistic differences 
among responses (e.g., “desnagging” and “removal of large woody debris” were two answers 
that reflected the same mechanism), we summarized the number of unique habitat loss 
mechanisms within each analysis unit and calculated the mean across experts. We imposed a 
population ceiling (i.e., carrying capacity) that was annually reduced by a habitat loss rate (κu), 
which equaled the mean number of unique threats in the unit, divided by 100. The initial (i.e., 
t=1) population ceiling (PCu,1) was determined based on the summarized expert elicitation values 
for the maximum number of AST currently within the analysis unit + 25%, after adjusting for 
sex ratios and hatchlings (as described in the previous section). Thus, the population ceiling 
(PCu,t) for analysis unit u in year t was calculated deterministically: 

𝑃𝑃𝐶𝐶𝑢𝑢,𝑡𝑡 = 𝑃𝑃𝐶𝐶𝑢𝑢,1 × (1 − 𝜅𝜅𝑢𝑢)𝑡𝑡 (Eq. 6) 

and was not subject to stochastic variation across simulation iterations. To incorporate the 
effects of habitat loss on AST demography within the model, we included a function that set 
adult fecundity (FA) to zero in the projection matrix if AST total abundance (Juveniles and 
Adults) in year t if the AST total abundance in year t−1 exceeded PCt. 

The population ceiling-contingent adult fecundity value was the last required step to finalize the 
projection matrix Au,s,i,s,t, which was then multiplied by the stage-specific abundance vector, after 
it was adjusted for additions through head starts and adult releases (hj,u,s,i,t), and reductions 
through legal collections (cj,u,s,i,t): 

𝑛𝑛𝐽𝐽𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡+1 𝑛𝑛𝐽𝐽𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 ℎ𝐽𝐽𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 𝐷𝐷𝐽𝐽𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 � � = �� � + � � − � �� × 𝑨𝑨𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 𝑛𝑛𝐴𝐴𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡+1 𝑛𝑛𝐴𝐴𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 ℎ𝐴𝐴𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 𝐷𝐷𝐴𝐴𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 
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Finally, our temporal looping structure contained 50 timesteps, meaning that our analysis 
generated stage-specific abundances for 51 years, as we stored both the initial abundance values 
(parameterized by expert elicitation data) and the outcome of the final projection. 

Baseline model.— For comparative purposes, we simulated AST population dynamics in the 
absence of threats to reflect baseline (i.e., idealized, reference) conditions, in which the added 
threats (Tables E2, E3) we included in the future condition scenarios were absent. The baseline 
model was meant to reflect population dynamics in protected or isolated areas, like the Spring 
Creek population studied by Folt et al. (2016, p. 23). We used the demographic parameter means 
and standard deviations listed in Table E2 to populate the projection matrix, as well as the initial 
abundances provided by experts for each unit. We ran two versions of the baseline model, one 
that included adult and juvenile releases and one that did not, and neither included the habitat 
loss function. 

Sensitivity Analyses 

To identify which model inputs had the largest influence on the model results, we conducted two 
forms of sensitivity analysis. First, we used the ‘eigen.analysis’ function in the popbio package 
(Stubben et al. 2016, p. 16) to generate asymptotic population growth rate (λ), elasticities, and 
stable stage distributions from each of the transition matrices (Au,s,i,t). Elasticity essentially 
measures the percent change in lambda, or any other output metric, relative to percent changes in 
the input demographic rates (Caswell, 2001), meaning that proportional variables (e.g., survival) 
and continuous variables (fecundity) can be directly compared to one another. We performed the 
same procedure on the baseline deterministic transition matrices for units 1–7 and 8 (D1-7 and D8, 
respectively), that used the baseline demographic parameter estimates in Table E1 to 
parameterize the matrix elements. Hence, the sensitivity analysis for the baseline model only 
evaluated a single matrix for each analysis unit group (D1-7 and D8) that contained the mean 
values, whereas up to 500 (n simulations) were evaluated for each of the analysis unit and 
scenario combinations. 

We then conducted an additional sensitivity analysis of the model outputs using a regression-
based approach to link realized lambda (𝑁𝑁𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡+1 ÷ 𝑁𝑁𝑢𝑢,𝑠𝑠,𝑃𝑃,𝑡𝑡 ) to the stochastically generated threat 
levels and demographic rates each year.  The regression analysis treats the realized lambda as the 
dependent variable and the stochastically drawn annual values of survival and each threat as 
independent variable in regression models. The effect and strength of each parameter and threat 
can be assessed and compared using the regression slope estimates and model selection analysis 
to identify the most influential effects on population growth. 

Population Viability Assessment 

We derived a series of summary statistics to evaluate AST population trends and identify 
potential variation among analysis units and alternative scenarios. Here we define an extirpation 
event as the total population (juveniles + adults) declining to zero individuals, whereas a decline 
to less than 5% of the starting population size (t=1) was considered quasi-extirpation. We 
selected this threshold because it reflected a result of a catastrophic population decline and was 
similar to values used for previous Species Status Assessments (e.g., 2% and 4% for the Sonoran 
desert tortoise, USFWS, p. 86). For each analysis unit and scenario combination, we estimated 
extirpation and quasi-extirpation probabilities (pEX, pQX) by determining proportion of iterations 
in which the population reached those thresholds. Within the iterations in which the population 
reached extirpation or quasi-extirpation, we estimated the mean number of years until the 
population reached the specified criteria (tEX, tQX). Additionally, We performed all analyses in 
the R statistical program (v.3.5.3, R Core Development Team 2019, software). 
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RESULTS 

Threat Summaries 

Summaries of the expert-elicited threat-specific reductions to demographic parameters (θp,a) and 
their spatial extents within the analysis units (ωa,u) are summarized in Tables E3 and E4, 
respectively. Among the threats used in the model (CLL excluded), the effect of SNP on φN was 
the largest overall reduction, followed by CLI on φA (Table E3). SNP also generally had the 
largest spatial extent within the analysis units, followed by CLI (Table E4). 

Eigen Analyses and Model Sensitivity 

Asymptotic population growth rate.— The asymptotic population growth rates (λ) derived from 
the projection matrices (Table E6, Figs. E6–9) were less than one, indicating a population 
decline, for all analysis units and future conditions scenarios. Mean λ for all of the analysis unit 
and future condition scenario combinations ranged from 0.749 ± 0.038 (SD) for the INTH 
scenario in ALAB, to 0.899 ± 0.039 for NOME’s DETH+ scenario, and averaged 0.86 ± 0.07 
across all combinations. Averaging across scenarios within analysis units, λ was highest for 
NOME (0.952 ± 0.03), followed by APAL (0.856 ± 0.05), SOME (0.830 ± 0.03), and ALAB 
(0.804 ± 0.04). 

These results are consistent with the population declines we detected in the stochastic simulation 
(Figs. E2–5). We note, however, that the baseline scenario simulations showed mixed evidence 
of population growth for the non-NOME units— though the baseline population simulations 
indicated a growing population (Figure E12) the λ derived from the Eigen analysis indicated a 
population decline (0.988 ± 0.038 SD; Table E6) though the standard deviation overlapped 1 
indicating some uncertainty in the trajectory. In contrast, all metrices of population growth 
indicated a decline in the NOME unit based on the stochastic simulations (Figs. E5, E12) and λ 
values (0.963 ± 0.030 SD; Table E6) for both the future conditions and baseline scenarios. We 
note that the baseline mean λ values appearing at the bottom of Table E6 were computed by 
pooling across the two baseline condition scenarios (releases of juveniles and adults present or 
absent) within the two groups (non-NOME vs. NOME). The asymptotic lambda, which is based 
on matrix formulation, is not expected to change among the baseline scenarios because releases 
were directly added to abundance and did not influence the demographic parameters within the 
projection matrix. 

Sensitivity Analyses.— Life history theory predicts that changes in adult female survival are 
likely to generate the greatest proportional change in the asymptotic growth rate (λ) of long-lived 
species (Stearns 1992, entire), like AST. This pattern is reflected in the elasticities of the 
deterministic matrices (DSOME, ALAB, APAL and DNOME) and NOME (Table E7), in which PA (adult 
survival) consistently ranked the highest, followed by PJ (juvenile retention), and identical values 
for GJ and FA (juvenile growth and adult fecundity, respectively). In contrast, λ was consistently 
the most elastic to PJ, followed by PA, and GJ and FA elasticities being equal for the SOME and 
ALAB analysis units, whereas the elasticity patterns observed for APAL were intermediate to 
those of SOME/ALAB and NOME (Table E7). In general, as survival rates were reduced in our 
analysis framework due to the increasing threat level (i.e., φDE- < φEE- < φIN-), the elasticity of PJ, 
GJ, and FA increased, while PA elasticity decreased (Table E7). This general trend explains the 
increasing elasticity of PA from SOME/ALAB, APAL, and NOME due to adult survival also 
following an increasing pattern (φSOME/ALAB < φAPAL < φNOME). 
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This lambda-regression sensitivity analysis concluded that the illegal collection has the greatest 
effect on population growth, primarily through its reduction to adult survival, as the model 
containing that term had all of the model weight (Table E10), followed by the spatial extent of 
illegal collection, and the effects of hook ingestion and recreational bycatch on adult survival 
(Table E10).  Each of these threats are modeled as percent reductions in adult and juvenile 
survival thus the results of this regression analysis match the eigen elasticity analysis and our 
expectations for this analysis. Experts believed that illegal collection caused up to a 19.5% 
reduction in survival (Table E3) and that it affected a minimum of 30% of the population in all 
regions except Northern Mississippi–East (Table E4). Given the magnitude and spatial extent of 
this threat, it is not surprising that it has the greatest effect on realized lambda in our model. 

Stable stage distribution.— The stable stage distribution (SSD) of the projection matrix reflects 
the proportion of individuals within each stage class when the realized population growth rate is 
equal to the asymptotic growth rate. In the deterministic matrices (bottom rows in Table E8), 
juveniles comprised a larger proportion of the population than juveniles in the SOME, ALAB, 
and APAL analysis units, whereas the two stage classes were nearly even in NOME (Table E8). 
The SSD patterns we detected mirrored those of the elasticity analysis in that juveniles 
comprised a majority of the population in SOME, ALAB, and APAL, whereas adults comprised 
the majority in NOME (Table E8). In general, the proportion of juveniles in the SSD was 
positively associated with the increasing threat level (Table E8). 

AST Population Viability 

The baseline models suggested that in the absence of threats, AST populations were expected to 
increase in all analysis units, with the exception of NOME (Figure E12). However, we note that 
the baseline population trajectories for the non-NOME analysis units (SOME, ALAB, APAL) 
contrast with their corresponding mean asymptotic growth rate. Though the mean asymptotic 
growth rate indicated a population decline, the standard deviation overlapped one, indicating 
some uncertainty (Table E6); this contrast and uncertainty is further discussed in the Synthesis 
section. For the NOME analysis unit, all baseline scenarios indicated a population decline based 
on the mean total abundance (Figure E12) and asymptotic growth rates (Table E6). In the 
baseline scenario that included releases, the NOME population increased for the first ten years, 
and then declined rapidly after releases halted, whereas the no releases scenario declined slowly 
over time. 

In contrast, when threats were introduced to the simulation framework (i.e., the future conditions 
scenarios), the results showed a vastly different pattern than the baseline scenario. All analysis 
unit and scenario combinations showed steep declines in abundance (Figs. E2–5). At the stage 
class level, all units except NOME followed a common pattern in which juveniles initially 
comprised the majority of the population, but then decline and are eventually outnumbered by 
adults. This pattern is likely driven by juveniles recruiting into the adult stage class and 
insufficient adult fecundity values to replace the recruited juveniles. In both deterministic 
matrices, DSOME, ALAB, APAL and DNOME, each adult female produced 0.23 juvenile females per 
year (FA in Table E5), meaning that at least four nesting attempts would be needed for 
replacement. After incorporating the effects of threats on the demographic parameters, all of the 
mean matrix element values were reduced compared to their deterministic counterparts. The 
majority of matrix element values were relatively similar among SOME, ALAB, and APAL, as 
they were derived from the same baseline demographic parameter values, compared with NOME 
(Table E1). The PJ and GJ projection matrix elements were generally higher for SOME, ALAB, 
and APAL, compared to NOME (Table E5), due to the lower baseline juvenile survival value 
used for NOME (Table E1). However, adult survival (PA) was higher in the NOME unit (0.95 ± 
0.01 SD, all scenarios) compared to other three units (0.76 ± 0.01), despite a shared baseline 
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survival rate (Table E1), which is likely driven by the near-absence of BYR and CLI threats in 
NOME (Table E4). 

Extirpation and Quasi-extirpation Probability. — In the main future condition scenario analysis, 
none of the analysis units exhibited extirpation probabilities (pEX) greater than 0.45 at the 
decreased threat level (Table E9). Averaging across scenarios within analysis units, pEX was 
highest for SOME (0.63 ± 0.37), followed by ALAB (0.46 ± 0.43 SD), APAL (0.14 ± 0.26), and 
lowest for NOME (0.00). Of all analysis unit and scenario combinations, pEX was the highest for 
ALAB-INTH (1.0) and ≤0.002 for DETH+ ALAB, APAL, and NOME. Among the eight 
instances in which conservation action was absent (TH columns in Table E9) and pEX>0.01, the 
average reduction in pEX for the conjugate conservation action scenario was 0.37 ± 0.23. 
However, among the analysis unit and scenario combinations in which pEX>0.01, the number of 
years to reach extirpation (tEX) was relatively large with an overall mean of 46.18 ± 3.49 years 
and ranged from 38.07 ± 3.37 years (SOME-INTH) to 49.45 ± 1.92 (SOME-DETH+, Table E9). 

Quasi-extirpation probabilities (pQX) were consistently high (approximately 1.0) across all 
analysis unit and scenario combinations, with the exception of NOME (Table E9). In non-
NOME units, pQX ranged was equal to 1.0 for all analysis unit and scenario combinations with 
the exception of decreased threats in APAL. Time to quasi-extirpation (tQX) in all non-NOME 
units averaged 22.28 ± 7.60 (SD) years across all scenarios, whereas tQX ranged from 12.11 ± 
1.35 in ALAB-INTH to 33.11 ± 6.09 years in APAL-DETH. Within the NOME unit, multiple 
measures of extirpation risk (e.g., pQX) did not for the predicted pattern of extirpation or quasi-
extirpation being least likely in the DETH+ scenario and highest in INTH. For example, pQX for 
NOME was lowest for EETH (0.016) and highest for DETH (0.038). This pattern can be 
explained by examining Table E4, as the threats with reduced spatial extent in conservation 
action scenarios that occur in NOME (BYR and CLI) have extremely small spatial extents. 

In our separate analysis evaluating the effects of legal harvest, we found that while removing 
legal harvest drastically lowered the probability of extirpation (pEX) in SOME, the remaining 
metrics were relatively unchanged (Table E11). For example, the time to extirpation or quasi-
extirpation was only reduced by 2–3 years, and the probability of quasi-extirpation averaged one 
across all six scenarios regardless of whether legal collection was present or not (Table E11). 

Synthesis 

Drivers of AST demographics. — The sensitivity analyses showed a consistent pattern suggesting 
that population growth is most sensitive to factors that influence adult survival, which is 
expected for a long-lived species like AST (Stearns 1992, entire). The elasticity analysis 
indicated that under baseline conditions (“Deterministic” entries in Tables E5–8), conservation 
interventions to increase adult survival (contained in the PA matrix element; Table E1) are likely 
to have the greatest proportional impact on AST population growth (Table E7). Though all six 
of the future condition scenarios reduced the elasticity of PA relative to the deterministic matrix 
(Table E7), PA remained the most elastic parameter in the majority of analysis unit and future 
scenario combinations. When adult survival was drastically reduced in the SOME and ALAB 
units (Figure E10), the elasticity of PJ exceeded (NOME) or was approximately equal to that of 
PA (APAL), indicating that conservation interventions to increase juvenile survival, as opposed 
to adults, may be more effective in population recovery if threat levels are relatively high. 

Similarly, the lambda regression approach indicated that the illegal collection impacts on adult 
survival and its spatial extent has the greatest effect on population growth in our model followed 
by hook ingestion impacts on adult survival and recreational fishing bycatch impacts on adult 
survival (Table E10).  Experts believed that illegal collection caused up to a 19.5% reduction in 
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survival (Table E3) and that it affected a minimum of 30% of the population in all regions except 
Northern Mississippi–East (Table E4). Given the magnitude and spatial extent of this threat, it is 
not surprising that it has the greatest effect on realized lambda in the model. 

Within the stochastic simulation framework, we simulated conservation actions as a reduction in 
a threat’s spatial extent (ωa; Table E4). Based on a comparison of survival rates for all stage 
classes and scenarios (Figure E10), the conservation actions had increasing effectiveness (i.e., 
difference between circles and triangles for a given threat level in Fig. E10) with stage class 
(hatchlings, juveniles, adults). The effectiveness of conservation actions positively varied with 
threat level, particularly for adults, meaning that the largest improvements to adult survival with 
conservation action were observed at the high threat level (red points in Fig. E10). 

Some experts indicated that habitat loss may be a limiting factor for AST. Based on our 
simulation that included a declining population ceiling to represent habitat loss (bottom row in 
Table E4), AST population declines outpaced the habitat loss rate (Figure E11). Meaning that, 
the AST population size never reached the population ceiling to trigger the density dependent 
response (FA= 0). In summary, habitat creation is likely to have less of an impact on population 
growth compared to enacting conservation actions that could increase adult survival. 

Model limitations and uncertainties. — Our model was constructed to predict current and future 
conditions of the alligator snapping turtle within the Southern Mississippi – East, Alabama, 
Apalachicola, and Northern Mississippi East analysis units. While this modeling framework was 
constructed with the intention of informing the Endangered Species Act listing decision, all 
models have potential inferential limitations due to an imperfect knowledge of the system in 
question. In this particular case, the limited number of M. temminckiii demographic studies 
required the use of data from closely related species (e.g., Chelydra spp.) and expert opinion 
(obtained through remote elicitation). We addressed these sources of uncertainty in multiple 
ways within the modeling framework using a combination of established techniques (e.g., 
stochastic iterations, parametric uncertainty) and newly developed methods (e.g., threat-weighted 
survivals). 

Due to a dearth of demographic studies on M. Temminckii and closely-related species (e.g., M. 
Suwanniensis), our model relied heavily on the use of expert-elicited quantities, including 
population sizes, threat-specific parameter reductions and spatial extents, as well as other 
demographic parameters (Table E1). Moreover, we conducted the elicitation remotely through a 
series of webinars and emails. The created several disadvantages (compared to an in-person 
workshop) as the extensive questionnaire (Appendix C) may have reduced the response rate, and 
the experts may not have had the opportunity to ask the SSA Core Team for clarification 
regarding the quantities they were asked to report. However, among the experts who provided 
responses, we had a 100% participation rate when the Core Team needed further clarification 
from experts on their answers. We also used a weighted approach to combine expert elicited 
responses for a given quantity, in which responses with a higher degree of confidence had a 
larger influence on the overall mean. Furthermore, estimates of variance for many elicited 
parameters were small (Tables E3–4), suggesting that the experts generally agreed with each 
other, even though they the values were elicited independently from each expert. Lastly, we 
chose to construct the Future Condition scenarios to address uncertainty in the expert elicitation 
responses, particularly regarding the threat-specific parameter reductions, which were translated 
into the three threat levels: decreased, expert-elicited, and increased. 

Among the parameters, the legal collection totals represent the greatest uncertainty, which was 
noted by peer and partner reviewers. Louisiana does not collect data on the number of legally 
collected AST each year. Our legal collection function (Eq. 5) represents a conservative 
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approximation, which is reflected in the separate analysis. Removing legal harvest had minimal 
influence on all population viability statistics with the exception of probability of extirpation 
(pEX) in SOME (Table E11). 

We did not use a spatially-explicit model due to a paucity of both knowledge of spatial variation 
in demographic parameters and abundance, as well as the distribution of threats within the 
analysis units with sufficient data. Despite the lack of spatial data, our model was able to 
produce heterogeneity in survival rates (within the same iteration and year) that would be 
expected in an area in which threats were overlapping and unevenly distributed on the landscape. 
With the exception of the HKI and BYR threats, the threat-weighted survival approach we used 
to produce heterogeneity in survival did not make any assumptions about potential spatial 
correlations among threats, as the probability of a threat to overlap with another threat was based 
on the proportion of the population each threat affected. In other words, two threats that affected 
the majority of the AST population would be expected to have extensive overlap. While this 
probabilistic approach may not fully capture spatial relationships among threats, it is objective, 
given the knowledge lacking in the distribution of threats. 

Validation.— We also acknowledge an ongoing concern raised with regard to the model used 
herein, is that it does not match the published estimates of population growth for the Folt et al. 
(2016, entire) model and conflicts with the perceived stability of AST populations from some 
catch-per-unit-effort studies for this species. As for validating model inputs, for several 
parameters, especially population threats as noted above had to rely on expert elicitation rather 
than data analysis or published literature. Steen and Robinson (2017, p. 1336) conclude that an 
average of between 3% and 36%, (with wide credible intervals that exceeded out elicited values) 
of snapping turtles had ingested hook, and admit their sampling design likely underestimated 
hook injection rates. Furthermore, estimates of variance for many elicited parameters were small, 
suggesting that the experts generally agreed with each other, even though they the values were 
elicited independently from each expert. 

For validating model predictions, the first thing to note is that the Folt et al. (2016, p. 23) paper 
primarily studied AST in an area with few or no illegal collection, bycatch, or hook ingestion 
threats. The original formulation of the Folt model had multiple errors in the timing of 
abundance accounting (pre- vs post- breeding census) and in the juvenile to adult transition 
parameters (Caswell 2001, Kendall et al., 2019), and mis-specified (under-estimated) the 
variance for multiple parameters. Correcting those errors changed the prediction form a 
population that was growing 3% annually to one that was declining 3% annually. The modeling 
effort used in the SSA further modified the (corrected) Folt baseline model to account for 
dispersal of juveniles which is not possible to estimate and measure in mark recapture studies. 
This modification (upward adjustment of the Juvenile survival parameter by 5%; Table E1) 
restored the threat-free (baseline) population trajectory predictions to apparent stability for all 
units except Northern Mississippi–East (Figure E12). Dispersal is likely among the juvenile age 
class, but mark recapture studies cannot account for permanent immigration so reincorporating 
these factors into the projection model seemed sensible. 

As noted earlier, however, we identified a discrepancy in the baseline scenarios between the 
mean abundance trajectories (Figure E12) and the asymptotic growth rates (Table E6) for the 
non-NOME analysis units. It is important to consider that asymptotic growth rates are only 
relevant if the population is in a stable stage distribution. The initial stage distribution in both the 
baseline and future condition scenario simulations were parameterized based on the expert-
elicited values, which did not necessarily reflect the stable stage distribution associated with the 
demographic parameters used in the projection matrices (Table E8). Given the AST’s slow 
maturity, extensive time could be required for the population to transition to a stable stage 
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distribution that is reflective of the asymptotic growth rate. This apparent disconnect between the 
realized- and stable-stage distributions can therefore account for the discrepancy between the two 
metrics. Additionally, the parametric uncertainty structure applied to all the simulations (both 
baseline and future conditions scenarios) has a tendency to inflate confidence intervals around 
mean abundance trajectories as an added measure of uncertainty (McGowan et al. 2011, p. 
1404). Thus, the very large confidence intervals around the mean abundance estimates in the 
later time steps are to be expected based on the modeling structure that we applied. Lastly, while 
asymptotic lambdas are frequently uses as an assessment of population health, wild populations 
rarely conform to the assumption of a stable stage distribution (Koons et al. 2017, p. 2103), 
therefore, evidence from field studies are likely a more relevant option for validation of our 
model. 

An additional component of Folt et al. (2016) evaluated population status and trajectories for a 
population in Arkansas and one on a wildlife refuge in Oklahoma, where several of these threats 
are present, and the authors predicted rapid declines for those populations based on estimated 
demographic rates at those sites. For example, they predicted that the population in Oklahoma 
would be extinct within 15 years (Folt et al. 2016, p. 30) based on the uncorrected model version 
that overestimates population growth rate (and therefore also overestimates time to extinction). 
These results in the published literature match fairly well with predicted trajectories for 
populations exposed to threats in the model. For example, in their simulation modeling, Steen 
and Robinson (2017, p. 1338) found that hook ingestion alone caused alligator snapping turtle 
populations that were increasing to reverse the predicted trend and decline by >50% in 30 years. 
Furthermore, since the completion of our work on the AST SSA report (RTM Version 1.0, 
October 2019), Ethan Kessler completed a PVA model for AST in southern Illinois (within the 
Northern Mississippi – East analysis unit) for his dissertation (Kessler, 2020). Radio telemetry 
was to directly estimate true survival and growth rates for AST populations (and the benefits of 
head starting and captive release programs). Kessler combined the parameters estimated from his 
study with productivity values from the peer reviewed literature into a PVA and reported a 
population growth rate (λ) of 0.95 (Kessler 2020, pg. 126) which is identical to the mean 
asymptotic population growth rates that we estimated for the Northern Mississippi – East unit 
across all scenarios (Table E6). Further, Kessler’s analysis identified several of the same threats 
(especially recreational fishing bycatch), that were incorporated into the modeling used in the 
SSA, as key factors for future abundance and population growth rates. Of note, Kessler reported 
a catastrophic recreational bycatch incident in which a local resident illegally set a hoopnet and 
abandoned the device due to a sustained flooding event that limited trap accessibility. The 
abandoned hoopnet trapped and eventually drowned six adult and subadult alligator snapping 
turtles, including two individuals with radio transmitters (Kessler, personal communication. 
Kessler reports that the introduced population exhibits unstable demography and that 
reintroduction efforts are likely to fail unless bycatch can be reduced (Kessler 2020, pg. 116).  It 
is not possible to fully validate model predictions from any single predictive model, but three 
independent models with similar results may bolster confidence in model predictions provided in 
the SSA. 
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Table E1. Summary of Alligator snapping turtle (Macrochelys temminckii) demographic parameter estimates used to populate a two-stage, 
female-only Lefkovitch matrix population model with a prebreeding census structure. The two stages included juvenile individuals (J) that 
were greater than one year of age, but reproductively immature, and adults (A) that had reached reproductive maturity. The matrix model 
contained four elements: (1) juvenile retention, the probability of surviving and remaining in the juvenile stage class (PJ = φJ×(1−γJ)); (2) 
juvenile growth, the probability of surviving as a juvenile and transitioning to the adult stage (GJ = φJ×γJ); (3) adult retention, the probability 
of surviving and remaining in the adult (terminal) stage (PA: φA); and (4) adult fecundity, the number of female offspring produced per 
breeding adult female each year (FA = BP×CS×φN×NSC×FP×φH). The Sampling Variance (𝜎𝜎𝑆𝑆2) column reflects the amount of variation in the 
parameter’s mean value attributed to sampling error, whereas the Process Variance (𝜎𝜎𝑃𝑃2) column reflects the temporal fluctuation in a 
parameter due to demographic or environmental stochasticity. 

Matrix Demographic Mean Sampling Process 
𝟐𝟐) 𝟐𝟐) Source Source Location Element(s) Parametera,b (μ) Var. (𝜎𝜎𝑺𝑺 Var. (𝜎𝜎𝑷𝑷 

PJ, GJ φJ,1–7 0.860 0.02772 0.010532 Folt et al. 2016 Spring Creek, Georgia 
PJ, GJ φJ,8 0.730 0.03542 0.010822 Dreslik et al. 2017 Illinois 
PJ, GJ γJ 0.020 0.01112 0.008892 Tucker and Sloan 1997 Louisiana 

PA φA 0.950 0.01742 0.009692 Folt et al. 2016 Spring Creek, Georgia 
FA BP 0.980 0.01122 0.008942 Dobie 1971 Southern Louisiana 

FA CS 33.200 10.00002 5.000002 Weighted averageb; 
Folt et al. 2016 (SD) Multiple 

FA φN 0.130 0.02692 0.010372 Ewert et al. 2006 Lower Apalachicola 
River, Florida 

FA NSC 0.723 0.03582 0.010972 Ewert et al. 2006 Lower Apalachicola 
River, Florida 

FA FP 0.500 0.04002 0.010902 Expert opinion – 
FA φH 0.150 0.02852 0.010602 Expert opinion – 

aDemographic parameter mean, sampling variance, and process variance values apply to all analysis units (1–8), with the exception juvenile 
survival (φJ), which used different values for analysis units 1–7 (row 1) and 8 (row 2). 
bThe φ symbols refer to the annual survival of adults (A), juveniles (J), and hatchlings (H) from nest emergence to one year of age, whereas 
φN is the proportion of AST nests in which at least one egg successfully hatched (i.e., nest survival). BP is the proportion of adult females that 
breed annually, CS is clutch size, NSC is the proportion of eggs from which a hatchling successfully emerged among surviving nests, FP is 
the proportion of female hatchlings, whereas γJ is the proportion of juveniles that transition to the adult stage each year. 
cMean clutch size (CS) was derived using a weighted mean across multiple studies, using the sample size (number of nests) from each study 
as weights. Full details are given in Table E2 
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Table E2. Clutch sizes of alligator snapping turtles (Macrochelys temminckii) used to compute a weighted mean in a stochastic population 
simulation. The mean clutch sizes were weighted by the sample size (number of nests) from each study to derive the overall weighted mean 
(33.2). 

Mean 

37.3 

35.1 

32 

Error 
(SD)a 

– 

6.6 

12.17 

Sample 
Size 

31 

130b 

3 

Description 

Mean number of eggs within an active wild 
nest. 
Mean number of eggs within an active wild 
nest. 

Mean number of eggs within an active wild 
nest. 

Location 

Lower Apalachicola 

Lower Apalachicola 

Northwest Florida river 
drainages (non-
Apalachicola) 

Source 

Ewert et al. 2006 

Ewert and Jackson 
1994 

Ewert 1976 

24.5 7.3 13 
Dissected adult female AST taken as bycatch 
prior to nesting season; clutch size indicates 
the number of shelled eggs. 

Louisiana Dobie 1971 

22.4 – 6 Mean number of eggs within an active wild 
nest. 

Tishomingo NWR, 
Oklahoma 

Miller and Ligon 
2014a 

18.6 5.68 16 

Examination of depredated wild nests; clutch 
size estimated from shell membranes; 
method verified against nests with known 
clutch sizes (R2: 0.97). 

Tishomingo NWR, 
Oklahoma Miller et al. 2014b 

aDashes (–) indicate that standard deviation or other measure of error were not reported. 
bThe sample size of the Ewert and Jackson (1994) study is mistakenly reported as 160 nests in Ewert et al. (2006). 
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Table E3. Threat-specific percent reductions (mean ± standard deviation) to alligator snapping turtle (Macrochelys temminickii; hereafter 
AST) survival parameters, derived from remote expert elicitation among a team of taxon experts. These quantities were assumed to remain 
constant across the AST’s range, meaning that the percent reduction attributed to a specific threat was not assumed to vary among analysis 
units, though the proportion of the population exposed to a particular threat within an analysis unit may vary. The dashes (–) indicate that the 
survival parameter was not exposed to the specific threat within the model. For example, hatchlings are likely too small to ingest hooks, so 
their survival rate was not reduced by HKI. The mean values contained within each cell represent the percent reductions under the “expert-
elicited” scenarios, with conservation action absent or present (EETH, EETH+), whereas they were reduced or increased by 25% for the 
“decreased threat” and “increased threat” threat scenarios, respectively. 

Subsidized Commercial Recreational Hook Legal Illegal Nest Bycatch Bycatch Ingestion Collection Collection Predators (BYC) (BYR) (HKI) (CLL)a (CLI) (SNP) 
Hatchling 0.0001 ± 0.0045 ± – – 0.0047 ± 0.0028 – Survival (φH) 0.0007 0.0027 
Juvenile 0.0403 ± 0.0579 ± 0.0615 ± 0.0412 ± 0.0565 ± 0.0191 – Survival (φJ) 0.0258 0.0205 0.0195 0.0167 
Adult 0.0630 ± 0.0741 ± 0.0824 ± 0.1998 ± 0.1947 ± 0.0625 – Survival (φA) 0.0361 0.0351 0.0322 0.0563 
Nest 0.0110 ± 0.6075 ± – – – – Survival (φN) 0.01167 0.1154 

aWe did not use the CLL values in the model because differences in legal collection policies among states violated the assumption of a 
constant percent-reduction across analysis units. Instead, we simulated CLL as a reduction in abundance, rather than survival rates. 
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Table E4. Expert elicited mean (± standard deviation) spatial extent of threats to alligator 
snapping turtle (Macrochelys temminckii) population viability within each analysis unit 
(columns). Dashes indicate that the threat does not occur in the specific analysis unit. 

Northern Southern Miss. Alabama Apalachicola Miss. – East – East (SOME) (ALAB) (APAL) (NOME) 
Commercial 

Bycatch (BYC)a 0.500 ± 0.081 0.500 ± 0.050 0.500 ± 0.050 – 

Recreational 
Bycatch (BYR)b 0.443 ± 0.089 0.611 ± 0.104 0.443 ± 0.153 0.01 ± 0.005 

Legal Collection 
(CLL)c 0.52 ± 0.063 0.400 ± 0.043 – – 

Illegal 
Collection (CLI) 0.647 ± 0.119 0.758 ± 0.074 0.389 ± 0.084 0.001 ± 0.006 

Subsidized Nest 
Predators (SNP) 0.943 ± 0.109 0.902 ± 0.128 0.659 ± 0.041 0.923 ± 0.019 

Habitat Loss 
Rate (HLR) 2.75 ± 1.25 2.80 ± 0.83 2.0 ± 1.0 2.0 ± 1.41 

aWe did not receive any responses for the BYC spatial extent in the ALAB or APAL units, so we 
assigned a mean value of 0.50 with a 0.20 coefficient of variation on standard deviation, to reflect 
the uncertainty regarding this parameter. 

bIn the expert elicitation questionnaire the spatial extents for BYR and hook ingestion (HKI) were 
considered the same, which was reflected in the model as well. 

cWe did not use the CLL values in the model because differences in legal collection policies among 
states violated the assumption of a constant percent-reduction across analysis units. Instead, we 
simulated CLL as a reduction in abundance, and used the proportion of the analysis unit that 
overlapped with Louisiana as a spatial extent. 
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Table E5. Summary of alligator snapping turtle (Macrochelys temminckii; AST) projection matrix elements 
from a stochastic population simulation. The framework simulated AST population dynamics within each of 
the four analysis units with sufficient data, under six different scenarios. For each analysis unit and scenario 
combination, we ran 500 replicates of AST population dynamics simulated for 50 years. Analysis unit 
names are given in italics above their respective sections. The six scenarios included decreased (DE-), 
expert-elicited (EE-), or increased (IN-) threat levels (rows within each analysis unit section), with 
conservation action absent (-TH) or present (TH+). The projection matrix elements (columns) describe stage 
class-specific demographic processes and include: juvenile retention (PJ), juvenile growth (GJ), adult 
retention (PA), and adult fecundity (FA). The mean ± standard deviations for each element, averaged across 
all iterations and years, are given below, with their overall range in parentheses. We also provide baseline 
element values, prior to incorporating stochasticity and threat effects, for the deterministic transition 
matrices all analysis units except Northern Mississippi – East (DSOME, ALAB, APAL) and Northern Mississippi – 
East (DNOME). 

Southern Mississippi – East 

Scenario PJ GJ PA FA 

DETH 

EETH 

INTH 

DETH+ 

EETH+ 

INTH+ 

0.811 ± 0.040 
(0.630, 0.943) 
0.787 ± 0.041 
(0.562, 0.918) 
0.764 ± 0.041 
(0.556, 0.896) 
0.829 ± 0.004 
(0.621, 0.961) 
0.810 ± 0.04 

(0.630, 0.936) 
0.793 ± 0.04 

(0.612, 0.928) 

0.017 ± 0.016 
(0, 0.155) 

0.015 ± 0.016 
(0, 0.19) 

0.015 ± 0.015 
(0, 0.203) 

0.016 ± 0.017 
(0, 0.141) 

0.016 ± 0.017 
(0, 0.172) 

0.017 ± 0.016 
(0, 0.192) 

0.788 ± 0.056 
(0.461, 0.951) 
0.734 ± 0.058 
(0.489, 0.910) 
0.681 ± 0.06 

(0.410, 0.867) 
0.829 ± 0.048 
(0.588, 0.961) 
0.789 ± 0.05 

(0.533, 0.936) 
0.749 ± 0.053 
(0.478, 0.900) 

0.097 ± 0.064 
(0.003, 0.687) 
0.100 ± 0.065 
(0.005, 0.788) 
0.096 ± 0.060 
(0.003, 0.791) 
0.098 ± 0.064 
(0.004, 0.699) 
0.099 ± 0.063 
(0.005, 0.788) 
0.102 ± 0.069 
(0.003, 0.773) 

Alabama 

Scenario PJ GJ PA FA 

DETH 

EETH 

INTH 

DETH+ 

EETH+ 

INTH+ 

0.792 ± 0.042 
(0.542, 0.932) 
0.760 ± 0.043 
(0.580, 0.897) 
0.734 ± 0.041 
(0.491, 0.875) 
0.813 ± 0.040 
(0.615, 0.947) 
0.792 ± 0.04 

(0.558, 0.921) 
0.770 ± 0.040 
(0.532, 0.904) 

0.015 ± 0.016 
(0, 0.274) 

0.016 ± 0.016 
(0, 0.170) 

0.015 ± 0.015 
(0, 0.157) 

0.016 ± 0.016 
(0, 0.217) 

0.016 ± 0.016 
(0, 0.159) 

0.016 ± 0.016 
(0, 0.272) 

0.754 ± 0.062 
(0.429, 0.926) 
0.688 ± 0.063 
(0.420, 0.876) 
0.623 ± 0.064 
(0.282, 0.841) 
0.803 ± 0.051 
(0.574, 0.951) 
0.755 ± 0.052 
(0.519, 0.911) 
0.705 ± 0.054 
(0.471, 0.873) 

0.100 ± 0.064 
(0.003, 0.671) 
0.104 ± 0.069 
(0.005, 0.936) 
0.104 ± 0.069 
(0.002, 0.859) 
0.105 ± 0.068 
(0.003, 0.789) 
0.104 ± 0.066 
(0.002, 0.555) 
0.103 ± 0.066 
(0.005, 0.808) 
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Apalachicola 

Scenario PJ GJ PA FA 

DETH 

EETH 

INTH 

DETH+ 

EETH+ 

INTH+ 

0.820 ± 0.042 
(0.529, 0.953) 
0.801 ± 0.042 
(0.601, 0.944) 
0.778 ± 0.043 
(0.583, 0.92) 
0.836 ± 0.04 

(0.545, 0.959) 
0.819 ± 0.041 
(0.634, 0.954) 
0.803 ± 0.042 
(0.597, 0.95) 

0.016 ± 0.017 
(0, 0.255) 

0.015 ± 0.016 
(0, 0.187) 

0.016 ± 0.016 
(0, 0.214) 

0.017 ± 0.017 
(0, 0.222) 

0.016 ± 0.016 
(0, 0.175) 

0.017 ± 0.017 
(0, 0.209) 

0.824 ± 0.048 
(0.597, 0.96) 
0.783 ± 0.051 
(0.507, 0.94) 
0.741 ± 0.054 
(0.432, 0.922) 
0.855 ± 0.043 
(0.64, 0.976) 
0.825 ± 0.045 
(0.586, 0.967) 
0.793 ± 0.05 
(0.54, 0.935) 

0.139 ± 0.079 
(0.007, 0.883) 
0.137 ± 0.081 
(0.008, 0.853) 
0.142 ± 0.084 
(0.007, 0.921) 
0.137 ± 0.079 
(0.007, 0.777) 
0.14 ± 0.081 

(0.011, 0.838) 
0.138 ± 0.077 
(0.005, 0.712) 

Northern Mississippi – East 

Scenario PJ GJ PA FA 

DETH 

EETH 

INTH 

DETH+ 

EETH+ 

INTH+ 

0.714 ± 0.048 
(0.482, 0.875) 
0.714 ± 0.048 
(0.522, 0.876) 
0.712 ± 0.047 
(0.539, 0.898) 
0.717 ± 0.047 
(0.518, 0.896) 
0.713 ± 0.047 
(0.526, 0.898) 
0.717 ± 0.048 
(0.474, 0.895) 

0.014 ± 0.014 
(0, 0.146) 

0.014 ± 0.015 
(0, 0.225) 

0.014 ± 0.015 
(0, 0.151) 

0.014 ± 0.014 
(0, 0.19) 

0.014 ± 0.015 
(0, 0.133) 

0.014 ± 0.015 
(0, 0.292) 

0.947 ± 0.027 
(0.812, 0.999) 
0.946 ± 0.027 
(0.806, 0.999) 
0.946 ± 0.027 
(0.767, 0.999) 
0.948 ± 0.028 

(0.808, 1) 
0.946 ± 0.028 

(0.818, 1) 
0.948 ± 0.028 

(0.783, 1) 

0.1 ± 0.059 
(0.002, 0.728) 
0.099 ± 0.061 
(0.001, 0.738) 
0.099 ± 0.064 
(0.003, 0.684) 
0.098 ± 0.061 
(0.004, 0.781) 
0.099 ± 0.062 
(0.001, 0.664) 
0.102 ± 0.065 
(0.001, 0.826) 

Deterministic 
PJ GJ PA FA 

DSOME,ALAB,AP 

AL 
0.843 0.017 0.950 0.229 

DNOME 0.715 0.014 0.950 0.229 
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Table E6. Alligator snapping turtle (Macrochelys temminckii; AST hereafter) mean asymptotic population 
growth rates (lambdas; λ) derived from projection matrices for each analysis unit and scenario combination. 
Analysis unit abbreviations (for those with sufficient data) are bolded in each section: Southern Mississippi 
– East (SOME), Alabama (ALAB), Apalachicola (APAL), and Northern Mississippi – East (NOME). The 
six scenarios included Decreased, Expert-Elicited, or Increased threat levels (rows within each analysis unit 
section), with conservation action absent (TH) or present (TH+) columns). For each analysis unit and 
scenario combination, we ran 500 replicates of AST population dynamics simulated for 50 years. Our 
simulation generated a maximum of 25K λ values, though if the population declined to zero during an 
iteration, the projection stopped and began the next iteration. Mean λ quantities and their standard 
deviations are listed with the range (minimum and maximum quantity observed across all replicates) listed 
in parentheses below, in which λ<1 denotes a decreasing population, whereas λ≥1 indicates a stable or 
increasing population. For comparative purposes, we also calculated λ for the baseline scenario simulations. 
Though we ran two baseline scenarios, each consisting of 1,000 replicates per analysis unit per scenario, we 
pooled the output across scenarios to obtain the means here because asymptotic lambda would not have 
been influenced by the differences in scenario structure, which reflected the presence or absence of released 
turtles. The baseline projection matrices were parameterized with the baseline demographic parameter 
values (i.e., the raw values before adjustment for threat exposure) listed in Table E1. We further pooled 
across non-NOME units (SOME, ALAB, APAL; bottom left) as the baseline demographic parameters were 
the same, and the only difference among analysis units was the initial population size; whereas the NOME 
unit (right) differed in juvenile survival and was kept separate. 

SOME ALAB Threat Level 
TH TH+ TH TH+ 

0.848 ± 0.036 0.873 ± 0.035 0.824 ± 0.037 0.854 ± 0.035 
Decreased 

(0.657, 1.015) (0.741, 1.027) (0.663, 0.980) (0.706, 1.007) 

0.812 ± 0.036 0.845 ± 0.035 0.783 ± 0.038 0.822 ± 0.035 Expert-
Elicited (0.657, 0.958) (0.703, 0.995) (0.622, 0.931) (0.661, 1.002) 

0.782 ± 0.037 0.821 ± 0.036 0.749 ± 0.038 0.793 ± 0.036 
Increased 

(0.620, 0.931) (0.668, 0.984) (0.579, 0.936) (0.628, 0.941) 

APAL NOME Threat Level 
TH TH+ TH TH+ 

0.871 ± 0.038 0.895 ± 0.036 0.953 ± 0.028 0.954 ± 0.028 
Decreased 

(0.714, 1.03) (0.74, 1.043) (0.816, 1.062) (0.818, 1.077) 

0.841 ± 0.039 0.87 ± 0.038 0.952 ± 0.028 0.952 ± 0.028 Expert-
Elicited (0.665, 1.003) (0.71, 1.027) (0.824, 1.059) (0.821, 1.056) 

0.812 ± 0.041 0.847 ± 0.04 0.952 ± 0.028 0.954 ± 0.028 
Increased 

(0.647, 0.985) (0.687, 1.012) (0.775, 1.046) (0.784, 1.063) 

Baseline 
Non-NOME Units: 0.988 ± 0.038 NOME: 0.963 ± 0.030 

SSA Report – Alligator Snapping Turtle 177 March 2021 



 

     

    
 

  
  

   
    

  
 

  
  

   
   

   

   
     

        
    

        
    

        
    

         
    

         
    

         
    

 

     

      
    

         
    

       
    

       
    

         
    

        
    

 

 

Table E7. Projection matrix element elasticities from simulated alligator snapping turtle (Macrochelys 
temminckii) populations. The projection matrix elements are listed in the four columns to the right and 
include: juvenile retention (PJ), juvenile growth (GJ), adult retention (PA), and adult fecundity (FA). 
Analysis unit names are given in italics above their respective sections, only units with sufficient data are 
included here. The six scenarios included three different threat levels— decreased (DE-), expert-elicited 
(EE-), or increased (IN-), with conservation action absent (-TH) or present (-TH+). For each analysis unit 
(for which sufficient data were available) and scenario combination, we calculated mean elasticities (± 
standard deviation) for the projection matrix elements across all timesteps (n=50) and iterations (n=500), 
with the range (i.e., minimum and maximum values observed) values given in parentheses. For comparison, 
we also provide elasticities from the matrix elements of the deterministic projection matrices that contain 
baseline demographic parameters (Table E1), prior to incorporating stochasticity and threat effects. The 
elasticities are separated by analysis units: all analysis units except Northern Mississippi – East (DSOME,ALAB, 

APAL) and Northern Mississippi – East (DNOME). 

Southern Mississippi – East 

Scenario PJ GJ PA FA 

DETH 

EETH 

INTH 

DETH+ 

EETH+ 

INTH+ 

0.578 ± 0.321 
(0, 1) 

0.636 ± 0.313 
(0, 1) 

0.653 ± 0.302 
(0, 1) 

0.496 ± 0.327 
(0, 1) 

0.582 ± 0.317 
(0, 1) 

0.634 ± 0.298 
(0, 1) 

0.025 ± 0.047 
(0, 0.25) 

0.054 ± 0.088 
(0, 0.25) 

0.079 ± 0.106 
(0, 0.25) 

0.016 ± 0.018 
(0, 0.25) 

0.026 ± 0.049 
(0, 0.25) 

0.045 ± 0.077 
(0, 0.25) 

0.372 ± 0.308 
(0, 1) 

0.257 ± 0.251 
(0, 1) 

0.188 ± 0.183 
(0, 1) 

0.471 ± 0.323 
(0, 1) 

0.366 ± 0.303 
(0, 1) 

0.276 ± 0.251 
(0, 1) 

0.025 ± 0.047 
(0, 0.25) 

0.054 ± 0.088 
(0, 0.25) 

0.079 ± 0.106 
(0, 0.25) 

0.016 ± 0.018 
(0, 0.25) 

0.026 ± 0.049 
(0, 0.25) 

0.045 ± 0.077 
(0, 0.25) 

Alabama 

Scenario PJ GJ PA FA 

DETH 

EETH 

INTH 

DETH+ 

EETH+ 

INTH+ 

0.643 ± 0.322 
(0, 1) 

0.703 ± 0.292 
(0, 1) 

0.712 ± 0.306 
(0, 1) 

0.541 ± 0.323 
(0, 1) 

0.659 ± 0.302 
(0, 1) 

0.727 ± 0.269 
(0, 1) 

0.017 ± 0.025 
(0, 0.25) 

0.041 ± 0.074 
(0, 0.25) 

0.069 ± 0.101 
(0, 0.25) 

0.016 ± 0.014 
(0, 0.25) 

0.017 ± 0.024 
(0, 0.25) 

0.031 ± 0.059 
(0, 0.25) 

0.325 ± 0.312 
(0, 1) 

0.216 ± 0.233 
(0, 1) 

0.149 ± 0.161 
(0, 1) 

0.427 ± 0.318 
(0, 1) 

0.307 ± 0.290 
(0, 1) 

0.212 ± 0.225 
(0, 1) 

0.017 ± 0.025 
(0, 0.25) 

0.041 ± 0.074 
(0, 0.25) 

0.069 ± 0.101 
(0, 0.25) 

0.016 ± 0.014 
(0, 0.25) 

0.017 ± 0.024 
(0, 0.25) 

0.031 ± 0.059 
(0, 0.25) 
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Apalachicola 

Scenario PJ GJ PA FA 

DETH 

EETH 

INTH 

DETH+ 

EETH+ 

INTH+ 

0.478 ± 0.31 
(0, 1) 

0.577 ± 0.308 
(0, 1) 

0.628 ± 0.288 
(0, 1) 

0.409 ± 0.293 
(0, 1) 

0.469 ± 0.301 
(0, 1) 

0.541 ± 0.293 
(0, 1) 

0.019 ± 0.016 
(0, 0.25) 

0.02 ± 0.025 
(0, 0.25) 

0.036 ± 0.06 
(0, 0.25) 

0.019 ± 0.015 
(0, 0.093) 

0.019 ± 0.016 
(0, 0.25) 

0.021 ± 0.02 
(0, 0.25) 

0.484 ± 0.306 
(0, 1) 

0.382 ± 0.298 
(0, 1) 

0.301 ± 0.256 
(0, 1) 

0.553 ± 0.292 
(0, 1) 

0.492 ± 0.298 
(0, 1) 

0.417 ± 0.285 
(0, 1) 

0.019 ± 0.016 
(0, 0.25) 

0.02 ± 0.025 
(0, 0.25) 

0.036 ± 0.06 
(0, 0.25) 

0.019 ± 0.015 
(0, 0.093) 

0.019 ± 0.016 
(0, 0.25) 

0.021 ± 0.02 
(0, 0.25) 

Northern Mississippi – East 

Scenario PJ GJ PA FA 

DETH 

EETH 

INTH 

DETH+ 

EETH+ 

INTH+ 

0.017 ± 0.021 
(0, 0.273) 

0.018 ± 0.023 
(0, 0.308) 

0.017 ± 0.021 
(0, 0.236) 

0.017 ± 0.022 
(0, 0.39) 

0.017 ± 0.022 
(0, 0.622) 

0.019 ± 0.024 
(0, 0.849) 

0.006 ± 0.007 
(0, 0.079) 

0.006 ± 0.007 
(0, 0.066) 

0.006 ± 0.007 
(0, 0.083) 

0.005 ± 0.006 
(0, 0.078) 

0.006 ± 0.007 
(0, 0.25) 

0.006 ± 0.007 
(0, 0.08) 

0.972 ± 0.034 
(0.668, 1) 

0.971 ± 0.035 
(0.604, 1) 

0.972 ± 0.034 
(0.661, 1) 

0.972 ± 0.033 
(0.597, 1) 

0.971 ± 0.034 
(0.25, 1) 

0.97 ± 0.037 
(0.144, 1) 

0.006 ± 0.007 
(0, 0.079) 

0.006 ± 0.007 
(0, 0.066) 

0.006 ± 0.007 
(0, 0.083) 

0.005 ± 0.006 
(0, 0.078) 

0.006 ± 0.007 
(0, 0.25) 

0.006 ± 0.007 
(0, 0.08) 

Deterministic 
PJ GJ PA FA 

DSOME, ALAB, 

APAL 
0.1510 0.0244 0.8002 0.0244 

DNOME 0.0383 0.0133 0.9351 0.0132 
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Table E8. Projection matrix stable stage distributions from simulated alligator snapping turtle 
(Macrochelys temminckii; hereafter AST) populations under. Analysis unit abbreviations (for which 
sufficient data were available) are given in italics above their respective sections, and include: Southern 
Mississippi – East (SOME), Alabama (ALAB), Apalachicola (APAL), and Northern Mississippi – East 
(NOME). We simulated AST populations for each analysis unit under six different future condition 
scenarios, listed in the far left column. The six scenarios included three different threat levels—decreased 
(DE), expert-elicited (EE), or increased (IN)—with conservation action absent (TH) or present (TH+). For 
each analysis unit and scenario combination, we computed the mean proportion (± standard deviation) of 
each stage class across all iterations (n=500) and timesteps (max=50), with the range (i.e., minimum and 
maximum values observed) values given in parentheses. For comparison, we provide the stable stage 
distributions of the deterministic projection matrices that contain baseline demographic parameters (Table 
E1), prior to incorporating stochasticity and threat effects. The stable stage distributions are separated by 
analysis units: all analysis units except Northern Mississippi – East and Northern Mississippi – East. 

SOME ALAB Scenario Scenario Juveniles Adults Juveniles Adults 
0.738 ± 0.196 0.262 ± 0.196 0.770 ± 0.191 0.222 ± 0.191DETH DETH (0.067, 1) (0, 0.933) (0.065, 1) (0, 0.935) 
0.762 ± 0.193 0.238 ± 0.193 0.795 ± 0.180 0.205 ± 0.180EETH EETH(0.111, 1) (0, 0.889) (0.094, 1) (0, 0.906) 
0.757 ± 0.200 0.243 ± 0.200 0.791 ± 0.194 0.209 ± 0.194INTH INTH (0.117, 1) (0, 0.883) (0.162, 1) (0, 0.838) 
0.709 ± 0.204 0.291 ± 0.204 0.733 ± 0.198 0.267 ± 0.198DETH+ DETH+ (0.069, 1) (0, 0.931) (0.046, 1) (0, 0.954) 
0.746 ± 0.196 0.254 ± 0.196 0.791 ± 0.18 0.209 ± 0.180EETH+ EETH+ (0.074, 1) (0, 0.926) (0.069, 1) (0, 0.931) 
0.760 ± 0.186 0.240 ± 0.186 0.814 ± 0.171 0.191 ± 0.169INTH+ INTH+ (0.037, 1) (0, 0.963) (0.082, 1) (0, 0.897) 

APAL NOME Scenario Scenario Juveniles Adults Juveniles Adults 
0.741 ± 0.178 0.259 ± 0.178 0.283 ± 0.118 0.717 ± 0.118 DETH DETH (0.065, 1) (0, 0.935) (0.012, 0.824) (0.176, 0.988) 
0.781 ± 0.172 0.219 ± 0.172 0.282 ± 0.121 0.718 ± 0.121EETH EETH(0.106, 1) (0, 0.894) (0, 0.811) (0.189, 1) 
0.792 ± 0.167 0.208 ± 0.167 0.278 ± 0.122 0.722 ± 0.122 INTH INTH (0.17, 1) (0, 0.83) (0.012, 0.897) (0.103, 0.988) 
0.707 ± 0.181 0.293 ± 0.181 0.281 ± 0.121 0.719 ± 0.121 DETH+ DETH+ (0.106, 1) (0, 0.894) (0.013, 0.926) (0.074, 0.987) 
0.739 ± 0.175 0.261 ± 0.175 0.28 ± 0.12 0.72 ± 0.12 EETH+ EETH+ (0.118, 1) (0, 0.882) (0, 0.844) (0.156, 1) 
0.763 ± 0.166 0.237 ± 0.166 0.287 ± 0.124 0.713 ± 0.124 INTH+ INTH+ (0.112, 1) (0, 0.888) (0, 0.933) (0.067, 1) 

Deterministic Matrices Analysis Unit(s) 
Juveniles Adults 

SOME, ALAB, APAL 0.6275 0.3725 
NOME 0.4804 .0.5196 
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Table E9. Summary of alligator snapping turtle (Marcochelys temminckii; hereafter AST) population 
outcomes from six different scenarios, separated by analysis unit. For each analysis unit (italics above each 
section) and scenario combination, we ran 500 iterations of AST population dynamics simulated for 50 
years. The six scenarios included three threat levels, Decreased, Expert-Elicited, or Increased (rows within 
each analysis unit section), with conservation action absent (TH) or present (TH+) (columns) for each level. 
For each scenario, we calculated the proportion of iterations in which the total population (both stage 
classes, females only) declined to zero (extirpation probability; pEX) or less than 5% of the starting 
population size (quasi-extirpation probability; pQX). For the iterations in which the population reached 
extirpation or quasi-extirpation, we then calculated the mean number of years until those thresholds were 
reached, tEX and tQX, respectively. Mean quantities and their standard deviations are listed with the range 
(minimum and maximum quantity observed across all iterations) listed in parentheses below. Dashes (–) 
indicate that no simulation reached the extirpation or quasi-extirpation threshold, meaning that tEX or tQX 
were not calculated, whereas an asterisk (*) indicates only a single simulation crossed the threshold, 
precluding a standard deviation calculation. 

Southern Mississippi – East 
pEX tEX pQX tQX 

TH TH+ TH TH+ TH TH+ TH TH+ 
47.46 ± 3.05 49.45 ± 1.92 17.69 ± 2.40 20.9 ± 3.34Decreased 0.434 0.058 1.0 1.0

(41,53) (43, 51) (11, 29) (14, 35) 
Expert- 43.33 ± 3.97 47.49 ± 2.84 14.89 ± 1.75 17.74 ± 2.34

0.950 0.476 1.0 1.0Elicited (32, 51) (39, 51) (10, 22) (12, 26) 
38.07 ± 3.37 44.92 ± 3.87 12.97 ± 1.39 15.74 ± 1.98

Increased 0.998 0.856 1.0 1.0
(30, 49) (33, 51) (9, 18) (11, 25) 

Alabama 
pEX 

TH TH+ 
tEX 

TH TH+ 
pQX 

TH TH+ 
tQX 

TH TH+ 

Decreased 

Expert-
Elicited 

Increased 

0.130 0.002 

0.846 0.114 

1.0 0.658 

48.91 ± 2.09 51 ± * 
(43, 51) (51, 51) 

45.64 ± 3.36 49.14 ± 2.23 
(36, 51) (40, 51) 

40.19 ± 3.47 47.21 ± 2.76 
(30, 51) (40, 51) 

1.0 1.0 

1.0 1.0 

1.0 1.0 

17.68 ± 2.27 22.84 ± 3.20 
(12, 29) (14, 33) 

14.20 ± 1.6 17.91 ± 2.27 
(10, 20) (13, 26) 

12.11 ± 1.35 15.11 ± 1.72 
(8, 16) (12, 23) 

Apalachicola 
pEX tEX pQX tQX 

TH TH+ TH TH+ TH TH+ TH TH+ 
49.5 ± 0.71 33.11 ± 6.09 32.44 ± 6.1 Decreased 0.004 0.0 – 0.990 0.980(49, 50) (19, 51) (20, 51) 

Expert- 49.02 ± 2.05 50.67 ± 0.58 26.28 ± 4.65 32.04 ± 5.79 
0.124 0.006 1.0 1.0Elicited (44, 51) (50, 51) (16, 47) (18, 51) 

46.82 ± 3.15 48.92 ± 1.94 21.21 ± 3.25 26.22 ± 4.75 Increased 0.660 0.052 1.0 1.0
(35, 51) (48 51) (15, 36) (16, 51) 
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Northern Mississippi – East 
pEX tEX pQX tQX 

TH TH+ TH TH+ TH TH+ TH TH+ 
– 45.90 ± 4.01 48.21 ± 2.90 Decreased 0.0 0.0 – 0.020 0.038 
– (38, 51) (42, 51) 

Expert- – 51.00 ± * 48 ± 4.11 46.72 ± 3.39 
0.0 0.002 0.016 0.036Elicited – (51, 51) (39, 51) (39, 51) 

– 45.42 ± 3.42 46.60 ± 2.50 Increased 0.0 0.0 – 0.024 0.020 
– (41, 51) (42, 50) 
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Table E10. Regression-based sensitivity analysis to identify factors to which simulated alligator 
snapping turtle (Marcochelys temminckii; hereafter AST) realized growth rates were most sensitive. In 
each model, realized lambda (λ = total abundance at time t+1 divided by total abundance at time t) was 
modeled as a response to a single predictor variable (univariate models). The suite of predictor variables 
included the draws for each demographic parameter, threat-specific reduction to stage class survivals 
and the threat-specific spatial extents within each analysis unit. Each model included a maximum of 
600,000 data points, based on 50 timesteps × 500 simulations × 6 scenarios × 4 analysis units. The 
demographic parameter predictor variables included adult survival (φA), juvenile survival (φJ), hatchling 
survival (φH), nest survival (φN), breeding probability (BP), nest success (NSC), hatchling sex ratio 
(SR), and juvenile growth probability (γJ). The threats (subscripts in Model column) included illegal 
collection (CLI), hook ingestion (HKI), recreational bycatch (BYR), commercial bycatch (BYC), and 
subsidized nest predators (SNP). Each threat had an analysis unit spatial extent (ωa,u,s,i,t) for threat a in 
unit u scenario s in simulation i at time t (Table E3), as well as a stage specific percent reduction to 
survival p (θp,a,s,i,t; Table E4). The Model column lists the effect contained in the model; if a 
demographic parameter was included (either alone or through its connection to a threat effect) it is listed 
first, followed by the threat effect (ω or θ).  For example, the first model represents the percent reduction 
to adult survival (φA) attributed to illegal collection (θCLI). 

Model ΔAICc wi Deviance 
φA / θCLI 0 1 9112.32 
ωCLI 7568.71 0 5008.31 
φA / θHKI 12308.49 0 9269.43 
φA / θBYR 13239.71 0 9281.43 
φJ / θHKI 15935.79 0 9316.24 
φJ / θCLI 16220.58 0 9319.93 
φJ / θBYR 16599.41 0 9324.83 
φA / θBYC 17022.93 0 9330.32 
φJ / θBYC 20083.1 0 9370.06 
φH / θCLI 21713.07 0 9391.29 
φN / θSNP 21894.61 0 9393.66 
φH / θBYC 23797.60 0 9418.52 
ωBYR 39472.36 0 5294.08 
φJ 141043.70 0 6317.07 
φA 284981.00 0 8114.16 
CS 289941.90 0 8184.47 
φJ 290605.80 0 8193.93 
φH 291137.10 0 8201.50 
γJ 292294.10 0 8218.03 
NSC 292958.00 0 8227.52 
BP 293018.60 0 8228.39 
SR 293022.20 0 8228.44 
ωSNP 293026.70 0 8228.50 
ωBYC 339076.70 0 4122.09 
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Table E11. Summary of alligator snapping turtle (AST hereafter) population outcomes averaged across 
the six future condition scenarios (Table 7), with and without legal collection (harvest). Note that all 
other output in the SSA contains the effect of legal collection. Louisiana is the only state within the 
AST’s range that permits legal collection AST females. Here we show outcomes for the two analysis 
units that overlap with Louisiana: (a) Southern Mississippi East and (b) Alabama. We calculated the 
proportion of iterations in which the total population (both stage classes, females only) declined to zero 
(extirpation probability; pEX) or less than 5% of the starting population size (quasi-extirpation 
probability; pQX). For the iterations in which the population reached extirpation or quasi-extirpation, we 
then calculated the mean number of years until those thresholds were reached, tEX and tQX, respectively. 

a. Southern Mississippi – East 
pEX tEX pQX tQX 

No legal 
collection 0.416 ± 0.40 47.35 ± 3.31 1.0 ± 0.0 19.33 ± 3.82 

Legal 
collection 0.62 ± 0.37 45.11 ± 4.07 1.0 ± 0.0 16.66 ± 2.75 

b. Alabama 
pEX tEX pQX tQX 

No legal 
collection 0.46 ± 0.42 45.56 ± 3.63 1.0 ± 0.00 18.11 ± 3.14 

Legal 
collection 0.46 ± 0.42 47.01 ± 3.81 1.0 ± 0.0 16.48 ± 3.42 
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= BP X csx Cf>NX NSC X FP X <J>H 

u u 
Figure E1.  Alligator snapping turtle (Macrochelys temminckii) life cycle diagram for a female only 
two-stage prebreeding matrix model.  The open circles represent the two life stages, juveniles (immature 
individuals) and adults (breeding individuals), denoted by the J and A subscripts, respectively.  At each 
timestep, Juveniles can either remain in their current stage with probability PJ, which is the product of 
juvenile survival (φJ) and one minus the annual proportion of juveniles that recruit to the adult stage 
class (γJ).  Alternative, juveniles may transition to the adult stage (grow) with probability GJ, the product 
of φJ and γJ. Adults represent the terminal stage, therefore the probability that an individual remains in 
this stage (PA) is simply their annual survival probability (φA).  The arc shows the adult fecundity 
contribution (FA), the number of juvenile females produced by each adult AST annually.  Adult 
fecundity is the combined product of the annual probability that an adult females breeds (BP), clutch 
size (CS), the proportion of nests in which one egg hatches (i.e., nest survival; φN), the proportion of 
eggs that hatch in surviving nests (i.e., nest success; NSC), the proportion of female hatchlings (FP), and 
hatchling survival from nest emergence to one year of age (φH).  The quantities used for each of the 
demographic parameters (e.g., φA) and their sources are given in Table E1. 
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Figure E2. Simulated alligator snapping turtle (Macrochelys temminckii; AST) mean stage class-specific (A) and total (B) abundance 
(females only) over a 50-timesteps within the Southern Mississippi – East analysis unit. The curved lines depict the mean abundance 
trajectory across 500 stochastic iterations and the shaded areas reflect the 95% confidence intervals (CI). In (A) each panel represents one of 
six scenarios, varying by three threat levels (Decreased [DE], Expert-Elicited [EE], or Increased [IN]) across columns, and conservation 
actions absent (TH; top row) or present (TH+; bottom row).  The orange line shows stage-specific abundance for juveniles and adults in blue.  
The columns in (B.) indicate the scenario’s threat level (increasing from left to right).  The solid and dashed lines within each panel show the 
abundance trajectories for the conservation action absent (TH; solid) and present (TH+; dashed) scenarios, and the analysis unit-specific 
quasi-extirpation threshold (<5% of total abundance in Year 1) is given by the thin flat line.  
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Figure E3. Simulated alligator snapping turtle (Macrochelys temminckii; AST) mean stage class-specific (A) and total (B) abundance 
(females only) over a 50-timesteps within the Alabama analysis unit.  The curved lines depict the mean abundance trajectory across 500 
stochastic iterations and the shaded areas reflect the 95% confidence intervals (CI). In (A) each panel represents one of six scenarios, varying 
by three threat levels (Decreased [DE], Expert-Elicited [EE], or Increased [IN]) across columns, and conservation actions absent (TH; top 
row) or present (TH+; bottom row).  The orange line shows stage-specific abundance for juveniles and adults in blue. The columns in (B.) 
indicate the scenario’s threat level (increasing from left to right).  The solid and dashed lines within each panel show the abundance 
trajectories for the conservation action absent (TH; solid) and present (TH+; dashed) scenarios, and the analysis unit-specific quasi-extirpation 
threshold (<5% of total abundance in Year 1) is given by the thin flat line. 
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Figure E4. Simulated alligator snapping turtle (Macrochelys temminckii; AST) mean stage class-specific (A) and total (B) abundance (females only) 
over a 50-timesteps within the Apalachicola analysis unit.  The curved lines depict the mean abundance trajectory across 500 stochastic iterations and 
the shaded areas reflect the 95% confidence intervals (CI).  In (A) each panel represents one of six scenarios, varying by three threat levels 
(Decreased [DE], Expert-Elicited [EE], or Increased [IN]) across columns, and conservation actions absent (TH; top row) or present (TH+; bottom 
row).  The orange line shows stage-specific abundance for juveniles and adults in blue.  The columns in (B.) indicate the scenario’s threat level 
(increasing from left to right).  The solid and dashed lines within each panel show the abundance trajectories for the conservation action absent (TH; 
solid) and present (TH+; dashed) scenarios, and the analysis unit-specific quasi-extirpation threshold (<5% of total abundance in Year 1) is given by 
the thin flat line. 
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Figure E5. Simulated alligator snapping turtle (Macrochelys temminckii; AST) mean stage class-specific (A) and total (B) abundance (females only) 
over a 50-timesteps within the Northern Mississippi – East analysis unit. The curved lines depict the mean abundance trajectory across 500 stochastic 
iterations and the shaded areas reflect the 95% confidence intervals (CI). In (A) each panel represents one of six scenarios, varying by three threat 
levels (Decreased [DE], Expert-Elicited [EE], or Increased [IN]) across columns, and conservation actions absent (TH; top row) or present (TH+; 
bottom row).  The orange line shows stage-specific abundance for juveniles and adults in blue.  The columns in (B.) indicate the scenario’s threat 
level (increasing from left to right). The solid and dashed lines within each panel show the abundance trajectories for the conservation action absent 
(TH; solid) and present (TH+; dashed) scenarios, and the analysis unit-specific quasi-extirpation threshold (<5% of total abundance in Year 1) is 
given by the thin flat line. 
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Figure E6. Histograms of asymptotic population growth rates (lambdas; λ) derived from 
two stage, prebreeding census transition matrices (Au) used to project alligator snapping 
turtle (Macrochelys temminckii) population dynamics of the Southern Mississippi – East 
analysis unit.  Each panel represents a different scenario in which the threat level increases 
from left to right (decreased [DE], expert-elicited [EE], increased [IN]) across columns, 
whereas conservation action absent scenarios are in the top row (TH) whereas present (TH+) 
scenarios on the bottom. Each scenario generated a maximum of 25K projection matrices 
(50-year projection repeated for 500 iterations), though if the population declined to zero 
during an iteration the projection stopped and began the next iteration.  The stochastic 
simulation framework randomly drew baseline demographic parameters (Table E1), threat 
specific parameter reductions (Table E3), and analysis unit-specific spatial extents (Table E4) 
of threats at each iteration and timestep that created variation among the projection matrices 
and their associated λs. The solid vertical line represents the λ distribution mean, whereas 
the dashed vertical reference line is at λ=1 to separate values of λ that indicate a decreasing 
population (λ<1; orange) from those that indicate stable or increasing population (; λ>1; 
blue). 
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Figure E7. Histograms of asymptotic population growth rates (lambdas; λ) derived from 
two stage, prebreeding census transition matrices (Au) used to project alligator snapping 
turtle (Macrochelys temminckii) population dynamics of the Alabama analysis unit.  Each 
panel represents a different scenario in which the threat level increases from left to right 
(decreased [DE], expert-elicited [EE], increased [IN]) across columns, whereas conservation 
action absent scenarios are in the top row (TH) whereas present (TH+) scenarios on the 
bottom.  Each scenario generated a maximum of 25K projection matrices (50-year projection 
repeated for 500 iterations), though if the population declined to zero during an iteration the 
projection stopped and began the next iteration.  The stochastic simulation framework 
randomly drew baseline demographic parameters (Table E1), threat specific parameter 
reductions (Table E3), and analysis unit-specific spatial extents (Table E4) of threats at each 
iteration and timestep that created variation among the projection matrices and their 
associated λs. The solid vertical line represents the λ distribution mean, whereas the dashed 
vertical reference line is at λ=1 to separate values of λ that indicate a decreasing population 
(λ<1; orange) from hose that indicate stable or increasing population (; λ>1; blue). 
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Figure E8.  Histograms of asymptotic population growth rates (lambdas; λ) derived from 
two stage, prebreeding census transition matrices (Au) used to project alligator snapping 
turtle (Macrochelys temminckii) population dynamics of the Apalachicola analysis unit.  
Each panel represents a different scenario in which the threat level increases from left to right 
(decreased [DE], expert-elicited [EE], increased [IN]) across columns, whereas conservation 
action absent scenarios are in the top row (TH) whereas present (TH+) scenarios on the 
bottom.  Each scenario generated a maximum of 25K projection matrices (50-year projection 
repeated for 500 iterations), though if the population declined to zero during an iteration the 
projection stopped and began the next iteration.  The stochastic simulation framework 
randomly drew baseline demographic parameters (Table E1), threat specific parameter 
reductions (Table E3), and analysis unit-specific spatial extents (Table E4) of threats at each 
iteration and timestep that created variation among the projection matrices and their 
associated λs. The solid vertical line represents the λ distribution mean, whereas the dashed 
vertical reference line is at λ=1 to separate values of λ that indicate a decreasing population 
(λ<1; orange) from those that indicate stable or increasing population (; λ>1; blue). 
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Figure E9. Histograms of asymptotic population growth rates (lambdas; λ) derived from 
two stage, prebreeding census transition matrices (Au) used to project alligator snapping 
turtle (Macrochelys temminckii) population dynamics of the Northern Mississippi – East 
analysis unit.  Each panel represents a different scenario in which the threat level increases 
from left to right (decreased [DE], expert-elicited [EE], increased [IN]) across columns, 
whereas conservation action absent scenarios are in the top row (TH) whereas present (TH+) 
scenarios on the bottom. Each scenario generated a maximum of 25K projection matrices 
(50-year projection repeated for 500 iterations), though if the population declined to zero 
during an iteration the projection stopped and began the next iteration.  The stochastic 
simulation framework randomly drew baseline demographic parameters (Table E1), threat 
specific parameter reductions (Table E3), and analysis unit-specific spatial extents (Table E4) 
of threats at each iteration and timestep that created variation among the projection matrices 
and their associated λs. The solid vertical line represents the λ distribution mean, whereas 
the dashed vertical reference line is at λ=1 to separate values of λ that indicate a decreasing 
population (λ<1; orange) from those that indicate stable or increasing population (; λ>1; 
blue). 
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Figure E10. Mean stage class-specific alligator snapping turtle (Macrochelys temminckii; 
AST) survival parameters and their associated 95% confidence intervals (CI) for each 
analysis unit: Southern Mississippi – East (SOME), Alabama (ALAB), Apalachicola 
(APAL), and Northern Mississippi – East (NOME).  The matrix model used to project AST 
population dynamics was comprised of two stages (juveniles and adults), though the 
hatchling (neonate) survival parameter was contained within the adult fecundity element (FA, 
Eq. 1, Table E1) and was exposed to threats in the model (Tables E3, E4). Within each panel 
and stage class, the individual points reflect different scenarios that differ by decreased 
(blue), expert-elicited (green), or increased (red) threat levels, as well as the absence (circles, 
light colors) or presence (triangles, bold colors) of conservation action (TH or TH+, 
respectively in the legend). 

SSA Report – Alligator Snapping Turtle 194 March 2021 



 

  

 
  

 
 

   
 

 

ALAB 
60000 800000 

♦ ♦ 

' ' ♦ 

' 600000 ' ♦ . 
40000 ' ' . 

' ' ' 
400000 .... . . .... .... 

20000 
. .... .... . .... 200000 .... . 

u 
~ 0 ~ 
LO o o 
0) 

+I 0 10 20 30 40 50 0 10 20 30 40 50 

Q) 
(.) 

APAL NOME C 
Ctl 200000 1000 "O 
C • :J 

' ' .0 • • <( 

' ' I- 150000 . 750 . 
CJ) ' ' <( 

' .... . . .... .... 
100000 . 500 . .... .... . .... .... .. 
50000 250 

~ 

o 
o 10 20 30 40 50 10 20 30 40 50 

Year 
Figure E11. Simulated alligator snapping turtle (Macrochelys temminckii; AST) female total 
abundance over a 50-year period under the decreased threat with conservation action 
(DETH+) scenario for each analysis unit.  Analysis unit abbreviations are listed above each 
panel and include: Southern Mississippi – East (SOME), Alabama (ALAB), Apalachicola 
(APAL), and Northern Mississippi – East (NOME). The solid black lines depict the mean 
abundance trajectory across 500 stochastic simulations and the shaded areas reflect the 95% 
confidence intervals (CI), whereas the dot-dashed red line is the unit’s population ceiling.  
The initial population ceiling was set at the expert-elicited current maximum AST abundance 
+25%, adjusted to include non-hatchling females only.  The population ceiling was annually 
reduced by the unit’s habitat loss rate (HLR in Table E3) using Equation 6. 
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Figure E12. Simulated alligator snapping turtle (Macrochelys temminckii; AST) female total 
abundance over a 50-year period under the baseline scenario, with (solid line) and without 
(dashed line) head start and adult releases.  The baseline scenarios used demographic parameters 
listed in Table E1, sampled from a distribution in each iteration. Analysis unit abbreviations are 
listed above each panel and include: Southern Mississippi – East (SOME), Alabama (ALAB), 
Apalachicola (APAL), and Northern Mississippi – East (NOME). The lines depict the mean 
abundance trajectory across 500 stochastic simulations and the shaded areas reflect the 95% 
confidence intervals (CI). 
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Table E12. Model-predicted mean abundances and standard deviations at 5 year intervals for 
alligator snapping turtles in five analysis units (ALAB = Alabama, APAL = Apalachicola, 
NOME = Northern Mississippi – East, SOME = Southern Mississippi – East) under six scenarios 
(DETH = decreased threats, EETH = expert-elicited threats, INTH = increased threats, + = 
conservation actions present). Results are from a female-only, stage-structured stochastic matrix 
model run for 50 years with 500 iterations for each analysis unit/scenario combination. 

Analysis Analysis 
Scenario Unit Year Abundance SD Scenario Unit Year Abundance SD 
DETH ALAB 0 56627.9 7146.7 DETH+ ALAB 0 56668.1 6717.7 

DETH+ ALAB 5 29015.8 6562.9 
DETH+ ALAB 10 14373.4 4911.8 
DETH+ ALAB 15 6782.9 2951.8 
DETH+ ALAB 20 3180.6 1679.4 
DETH+ ALAB 25 1499.7 957.0 
DETH+ ALAB 30 713.9 543.8 
DETH+ ALAB 35 336.2 290.3 
DETH+ ALAB 40 161.0 163.9 
DETH+ ALAB 45 77.9 90.0 
DETH+ ALAB 50 37.6 49.8 
EETH+ ALAB 0 57455.2 7342.0 
EETH+ ALAB 5 24714.8 5951.8 
EETH+ ALAB 10 10032.4 3498.9 
EETH+ ALAB 15 3927.9 1750.6 

DETH ALAB 5 23787.8 5696.7 
DETH ALAB 10 9634.7 3530.0 
DETH ALAB 15 3737.1 1766.0 
DETH ALAB 20 1444.7 843.0 
DETH ALAB 25 562.7 406.5 
DETH ALAB 30 222.8 190.7 
DETH ALAB 35 85.2 82.5 
DETH ALAB 40 33.3 35.9 
DETH ALAB 45 13.1 15.2 
DETH ALAB 50 5.2 7.1 
EETH ALAB 0 56695.8 6726.7 
EETH ALAB 5 18377.0 4681.1 
EETH ALAB 10 5673.7 2077.0 
EETH ALAB 15 1699.3 807.5 
EETH ALAB 20 509.3 299.3 EETH+ ALAB 20 1520.2 837.5 
EETH ALAB 25 154.1 107.1 EETH+ ALAB 25 594.5 388.4 
EETH ALAB 30 46.8 38.5 EETH+ ALAB 30 231.5 176.0 
EETH ALAB 35 14.5 13.6 EETH+ ALAB 35 90.0 79.7 
EETH ALAB 40 4.5 5.0 EETH+ ALAB 40 35.6 36.7 
EETH ALAB 45 1.3 1.9 EETH+ ALAB 45 14.3 16.4 
EETH ALAB 50 0.2 0.7 EETH+ ALAB 50 5.7 7.6 
INTH ALAB 0 56707.4 7237.7 INTH+ ALAB 0 56699.6 7088.0 
INTH ALAB 5 14204.1 4019.1 INTH+ ALAB 5 19918.7 5068.1 
INTH ALAB 10 3537.0 1393.7 INTH+ ALAB 10 6753.8 2459.5 
INTH ALAB 15 843.7 420.1 INTH+ ALAB 15 2175.2 1007.4 
INTH ALAB 20 204.9 126.6 INTH+ ALAB 20 700.1 408.0 
INTH ALAB 25 50.4 38.4 INTH+ ALAB 25 229.0 163.4 
INTH ALAB 30 12.4 11.0 INTH+ ALAB 30 74.9 62.1 
INTH ALAB 35 3.0 3.1 INTH+ ALAB 35 24.7 23.6 
INTH ALAB 40 0.6 1.0 INTH+ ALAB 40 8.2 9.3 
INTH ALAB 45 0.1 0.3 INTH+ ALAB 45 2.7 3.8 
INTH ALAB 50 0.0 0.0 INTH+ ALAB 50 0.8 1.6 
DETH APAL 0 14340.9 1733.1 DETH+ APAL 0 14496.0 1731.3 
DETH APAL 5 8959.6 2381.7 DETH+ APAL 5 10053.9 2395.1 
DETH APAL 10 5146.2 1936.2 DETH+ APAL 10 6572.4 2260.4 
DETH APAL 15 2775.0 1348.3 DETH+ APAL 15 4043.9 1795.5 
DETH APAL 20 1471.1 872.8 DETH+ APAL 20 2470.5 1339.5 
DETH APAL 25 783.7 546.6 DETH+ APAL 25 1492.0 979.9 
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Analysis Analysis 
Scenario Unit Year Abundance SD Scenario Unit Year Abundance SD 
DETH APAL 30 418.2 343.4 DETH+ APAL 30 911.8 729.3 

DETH+ APAL 35 557.3 530.9 
DETH+ APAL 40 343.6 382.3 
DETH+ APAL 45 211.1 265.9 
DETH+ APAL 50 132.5 197.3 
EETH+ APAL 0 14441.7 1896.4 
EETH+ APAL 5 8935.6 2338.4 
EETH+ APAL 10 5106.5 1892.2 
EETH+ APAL 15 2760.4 1351.1 
EETH+ APAL 20 1465.5 875.8 
EETH+ APAL 25 778.3 559.4 
EETH+ APAL 30 412.0 354.9 
EETH+ APAL 35 218.6 220.8 
EETH+ APAL 40 118.7 139.3 
EETH+ APAL 45 65.4 90.3 
EETH+ APAL 50 36.2 57.9 
INTH+ APAL 0 14482.4 1937.7 

DETH APAL 35 222.8 213.4 
DETH APAL 40 119.5 134.8 
DETH APAL 45 64.9 85.3 
DETH APAL 50 36.0 57.0 
EETH APAL 0 14416.4 1861.8 
EETH APAL 5 7609.9 2085.5 
EETH APAL 10 3718.0 1518.4 
EETH APAL 15 1680.7 859.8 
EETH APAL 20 751.2 474.8 
EETH APAL 25 332.9 254.5 
EETH APAL 30 147.9 138.1 
EETH APAL 35 66.8 73.9 
EETH APAL 40 30.4 42.0 
EETH APAL 45 14.0 23.7 
EETH APAL 50 6.5 13.3 
INTH APAL 0 14671.3 1861.2 
INTH APAL 5 6452.7 1824.4 INTH+ APAL 5 7923.0 2028.3 
INTH APAL 10 2642.3 1023.1 INTH+ APAL 10 3998.1 1417.5 
INTH APAL 15 991.3 506.7 INTH+ APAL 15 1869.2 835.5 
INTH APAL 20 370.5 239.8 INTH+ APAL 20 865.0 472.8 
INTH APAL 25 138.0 110.6 INTH+ APAL 25 392.4 258.9 
INTH APAL 30 51.5 50.0 INTH+ APAL 30 181.7 147.7 
INTH APAL 35 19.6 23.7 INTH+ APAL 35 84.7 81.9 
INTH APAL 40 7.6 11.2 INTH+ APAL 40 39.7 45.0 
INTH APAL 45 2.9 5.9 INTH+ APAL 45 18.9 24.9 
INTH APAL 50 1.0 2.7 INTH+ APAL 50 9.0 14.2 
DETH NOME 0 91.9 13.0 DETH+ NOME 0 93.9 12.7 
DETH NOME 5 207.2 25.7 DETH+ NOME 5 208.0 25.7 
DETH NOME 10 280.8 47.5 DETH+ NOME 10 281.8 46.8 
DETH NOME 15 200.8 55.4 DETH+ NOME 15 201.5 53.5 
DETH NOME 20 157.6 55.9 DETH+ NOME 20 158.3 54.5 
DETH NOME 25 126.6 54.8 DETH+ NOME 25 127.6 53.4 
DETH NOME 30 103.3 52.5 DETH+ NOME 30 103.9 50.2 
DETH NOME 35 84.7 50.2 DETH+ NOME 35 85.5 46.8 
DETH NOME 40 70.0 47.2 DETH+ NOME 40 70.8 44.0 
DETH NOME 45 58.1 43.4 DETH+ NOME 45 58.7 40.5 
DETH NOME 50 48.6 40.5 DETH+ NOME 50 49.0 37.2 
EETH NOME 0 92.3 13.3 EETH+ NOME 0 92.0 12.1 
EETH NOME 5 206.3 25.9 EETH+ NOME 5 206.4 27.1 
EETH NOME 10 278.6 46.9 EETH+ NOME 10 278.6 50.4 
EETH NOME 15 197.4 55.4 EETH+ NOME 15 199.0 60.5 
EETH NOME 20 153.7 57.0 EETH+ NOME 20 155.1 61.3 
EETH NOME 25 123.1 55.3 EETH+ NOME 25 124.6 60.3 
EETH NOME 30 99.6 54.3 EETH+ NOME 30 101.5 57.9 
EETH NOME 35 81.3 51.5 EETH+ NOME 35 83.3 54.6 
EETH NOME 40 66.3 48.2 EETH+ NOME 40 68.7 51.6 
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Analysis Analysis 
Scenario Unit Year Abundance SD Scenario Unit Year Abundance SD 
EETH NOME 45 54.8 44.9 EETH+ NOME 45 57.3 47.7 

EETH+ NOME 50 48.2 44.4 
INTH+ NOME 0 91.9 13.3 
INTH+ NOME 5 208.7 29.3 
INTH+ NOME 10 284.2 56.0 
INTH+ NOME 15 205.4 64.6 
INTH+ NOME 20 161.5 64.5 
INTH+ NOME 25 130.5 62.2 
INTH+ NOME 30 107.1 59.4 
INTH+ NOME 35 88.5 56.0 
INTH+ NOME 40 73.4 51.3 
INTH+ NOME 45 60.8 47.3 
INTH+ NOME 50 50.9 43.4 
DETH+ SOME 0 14248.0 1859.1 
DETH+ SOME 5 6975.4 1841.1 
DETH+ SOME 10 3413.0 1306.2 
DETH+ SOME 15 1569.6 801.1 
DETH+ SOME 20 716.1 458.7 

EETH NOME 50 45.4 41.6 
INTH NOME 0 92.0 12.3 
INTH NOME 5 205.0 26.9 
INTH NOME 10 275.8 48.6 
INTH NOME 15 195.0 56.6 
INTH NOME 20 151.7 55.7 
INTH NOME 25 121.7 54.3 
INTH NOME 30 98.6 51.7 
INTH NOME 35 80.3 48.4 
INTH NOME 40 66.0 44.6 
INTH NOME 45 54.4 40.9 
INTH NOME 50 45.0 37.9 
DETH SOME 0 14127.8 1882.0 
DETH SOME 5 5918.6 1589.4 
DETH SOME 10 2463.8 964.0 
DETH SOME 15 952.9 484.5 
DETH SOME 20 365.8 225.9 
DETH SOME 25 142.7 109.2 DETH+ SOME 25 321.0 246.3 
DETH SOME 30 55.0 51.1 DETH+ SOME 30 146.0 132.4 
DETH SOME 35 21.2 21.8 DETH+ SOME 35 66.9 69.8 
DETH SOME 40 8.8 10.9 DETH+ SOME 40 31.0 37.8 
DETH SOME 45 3.7 5.3 DETH+ SOME 45 14.9 21.4 
DETH SOME 50 1.5 3.0 DETH+ SOME 50 7.4 11.8 
EETH SOME 0 14043.9 1825.9 EETH+ SOME 0 14130.0 1689.8 
EETH SOME 5 4790.5 1467.4 EETH+ SOME 5 5940.4 1554.2 
EETH SOME 10 1622.3 664.4 EETH+ SOME 10 2476.1 918.8 
EETH SOME 15 513.0 267.9 EETH+ SOME 15 959.8 454.1 
EETH SOME 20 160.1 106.3 EETH+ SOME 20 365.1 210.6 
EETH SOME 25 50.4 40.3 EETH+ SOME 25 137.3 93.0 
EETH SOME 30 16.2 14.6 EETH+ SOME 30 51.6 39.2 
EETH SOME 35 5.4 5.5 EETH+ SOME 35 20.0 17.8 
EETH SOME 40 1.8 2.2 EETH+ SOME 40 8.1 7.9 
EETH SOME 45 0.5 0.9 EETH+ SOME 45 3.3 3.5 
EETH SOME 50 0.1 0.3 EETH+ SOME 50 1.3 1.7 
INTH SOME 0 14210.1 1715.8 INTH+ SOME 0 14254.9 1739.3 
INTH SOME 5 3910.3 1053.6 INTH+ SOME 5 5315.1 1511.6 
INTH SOME 10 1104.4 405.5 INTH+ SOME 10 1923.4 751.1 
INTH SOME 15 282.4 139.9 INTH+ SOME 15 642.5 336.4 
INTH SOME 20 72.3 43.9 INTH+ SOME 20 212.4 142.1 
INTH SOME 25 18.8 14.0 INTH+ SOME 25 70.1 56.6 
INTH SOME 30 5.2 4.5 INTH+ SOME 30 23.8 24.6 
INTH SOME 35 1.4 1.6 INTH+ SOME 35 8.3 10.6 
INTH SOME 40 0.2 0.6 INTH+ SOME 40 3.0 4.6 
INTH SOME 45 0.0 0.2 INTH+ SOME 45 1.0 2.4 
INTH SOME 50 0.0 0.0 INTH+ SOME 50 0.2 1.1 
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CHAPTER 1. INTRODUCTION 
The U.S. Fish and Wildlife Service (Service) is responsible for identifying species in need of protection under 
the Endangered Species Act of 1973, as amended (Act), due to ongoing threats such as habitat loss, and 
increasing concerns that a species may become extinct. The framework used by the Service to review the 
status of a species, known as a Species Status Assessment (SSA, Smith et al. 2018, entire), is intended to be 
an in-depth review of the species’ biology, an evaluation of its biological status and threats to survival, and an 
assessment of the resources and conditions needed to maintain long-term viability. Information contained in 
the SSA Report is used to support a decision by the Service as to whether a species should be listed as 
threatened or endangered, and thereby afforded protection under the Act. If listing is warranted, the SSA 
Report can be updated as new information on a species becomes available and continues to support a myriad 
of other regulatory actions under the Act, such as recovery, Section 7 consultation, Section 10 permits, and 
reclassification decisions. 

This document contains information collected as part of a status review of two freshwater mussels occurring 
in east Texas, the Louisiana Pigtoe (Pleurobema riddellii) and Texas Heelsplitter (Potamilus amphichaenus). 
Both species were petitioned for federal listing under the Act in 2007 by Forest Guardians, which resulted in 
substantial 90-day findings published in 2009. The Louisiana Pigtoe and Texas Heelsplitter are freshwater 
mussels in the Family Unionidae. Like most mussels, they occur in gravel and coarse sandy substrates of 
rivers, streams, and in the case of the Texas Heelsplitter, reservoirs. Mussels are filter feeders that rely on 
natural, high quality (pollutant free) flowing water of sufficient volume to support their life cycle, and that of 
their host fishes, which are essential for reproduction. Previous status reviews indicated these two freshwater 
mussel species face threats including habitat loss, changes to water quality, changes to hydrology, and 
riverbank destabilization (USFWS 2009a, p. 66889 and USFWS 2009b, p. 66265). Although both species are 
found in east Texas rivers, the range of the Louisiana Pigtoe is more expansive, extending into portions of 
east Oklahoma, southeast Arkansas, south Louisiana, and west Mississippi. The Texas Heelsplitter is 
currently known to occur in portions of three major river basins in Texas (Trinity, Neches, and Sabine), and 
the Louisiana Pigtoe currently occupies areas within five states across seven major river basins (San Jacinto, 
Neches, Sabine, Big Cypress-Sulphur, Red, Calcasieu-Mermentau, and Pearl). This SSA Report will refer to 
the species individually by common name and by scientific name (i.e., genus and specific epithet), where 
appropriate.  

The Service will use this SSA Report to form the biological basis for whether these two freshwater mussel 
species warrant protection under the Act. Importantly, the SSA Report is not a decisional document, rather it 
provides a review of available information strictly related to the biological status of the species. A listing 
decision is made by the Service after reviewing this document and all relevant laws, regulations, and policies, 
and after the results of a proposed decision are announced in the Federal Register, with appropriate 
opportunity for public input. If listing is not warranted, the Service will continue to support conservation 
efforts, where appropriate. If listing is warranted, there are two possible outcomes based on both the level and 
timing of threats, including 1) Endangered – defined as a species that is in danger of extinction throughout all 
or a significant portion of its range (i.e., risk of extinction is high and imminent), or 2) Threatened – defined 
as a species that is likely to become an endangered species within the foreseeable future throughout all or a 
significant portion of its range (i.e., risk of extinction is high but not imminent). 

For the purpose of this assessment, we generally define viability as the ability of Louisiana Pigtoe and Texas 
Heelsplitter to sustain populations in natural river systems over time. Using the SSA framework (Figure 1.1), 
we consider what these species need to maintain viability by characterizing the status of each species in terms 
of its resiliency, redundancy, and representation (i.e., the 3Rs; Smith et al. 2018, entire). The 3Rs are defined 
as: 
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Resiliency reflects a species’ ability to withstand stochastic events (e.g., droughts, floods). Demographic 
measures that reflect the health of each population, such as fecundity (e.g., birth rate), survival, and 
population size, are some of the metrics used to evaluate resiliency. A resilient population is better able to 
withstand and recover from disturbances such as random 
fluctuations in birth rates (demographic stochasticity), variations in 
rainfall (environmental stochasticity), and the effects of 
anthropogenic activities. 

Redundancy reflects a species’ ability to withstand catastrophic 
events (such as a rare destructive natural event or episode involving 
many populations). Redundancy is about spreading the risk of such 
an event across multiple, resilient populations. As such, redundancy 
can be measured by the number and distribution of resilient 
populations across the range of the species. 

Representation describes the ability of a species to adapt to changing 
nvironmental conditions over time. Representation is measured by 
the breadth of genetic or environmental diversity within and among 
populations across the range of the species by gauging the 
probability that a species is capable of adapting to environmental 
changes. The more representation, or diversity, a species has, the 
more it is capable of adapting to changes (natural or human-caused) 
in its environment. In the absence of species-specific genetic and 
ecological diversity information, we evaluate representation based on 
the extent and variability of habitat characteristics across the 
geographical range. 

To evaluate the biological status of Louisiana Pigtoe and Texas Heelsplitter, both currently and into the 
future, we assessed a range of conditions to allow us to consider the species’ resiliency, redundancy, and 
representation. This SSA Report provides a thorough assessment of existing information on these species, 
including the biology and natural history, demographic risks, stressors, and limiting factors in the context of 
determining their viability and risk of extinction, as well as estimates of how these variables will change in 
the future. 

The format for this SSA Report includes: a description of the resource needs of individuals (Chapter 2); 
current and historical species distribution, and factors affecting population resiliency, redundancy, and 
representation (Chapter 3); estimates of current condition (Chapter 4); risk factors affecting species viability 
(Chapter 5); and estimates of future condition and population viability (Chapter 6). This document is a 
compilation of the best scientific and commercial information available, and a description of past, present, 
and likely future risk factors (i.e., threats) to Louisiana Pigtoe and Texas Heelsplitter.  

Appendix A includes all references cited, which are available upon request, in portable document format 
(pdf), from the Arlington Texas Ecological Services Field Office1. Appendix B contains Cause and Effects 
Tables, which evaluate the stressors to the species historically and into the future. Appendix C contains 
detailed narratives, tables, and maps for each population based on our analysis and model output for future 
condition. Appendix D contains descriptions for select Indices of Hydrologic Alteration (IHA) used as part of 
our analysis. 

Figure 1.1. Species Status Assessment Framework 
(USFWS, 2016). 

1 2005 NE Green Oaks Blvd, Suite 140, Arlington, Texas, 76006 or call 817-277-1100 
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CHAPTER 2 - INDIVIDUAL NEEDS 

This chapter reviews the basic biological and ecological information currently available for Louisiana Pigtoe 
and Texas Heelsplitter. This information includes taxonomy, phylogenetic relationships, morphology, and a 
description of known life history traits, with an emphasis on life history traits that are important to the 
viability of the species now and in the future. We then outline the resource needs at the level of the individual. 
Basic information is included about freshwater mussels in general, to Louisiana Pigtoe and Texas Heelsplitter 
in particular, and characteristics that are unique to individual species where appropriate. We caution that 
some aspects of the biology and life history of these species are not fully understood by the scientific 
community, and research is ongoing, therefore the following information is intended as an introduction to the 
basic needs of the species and is subject to change as new scientific information becomes available. 

2.A. LOUISIANA PIGTOE AND TEXAS HEELSPLITTER – GENERAL 
INDIVIDUAL NEEDS 

2.A.1. TAXONOMY OF LOUISIANA PIGTOE AND TEXAS HEELSPLITTER 
Both Louisiana Pigtoe and Texas Heelsplitter belong to the Family Unionidae, also known as the naiads and 
pearly mussels, a group of bivalve mollusks that have been in existence for over 400 million years (Howells 
et al. 1996, p.1) and now represent over 600 species worldwide, of which over 250 species occur in North 
America (Strayer et al. 2004, p. 429; Lopes-Lima et al. 2018, pp. 2-3). 

This report follows the most recently published and accepted taxonomic treatment of North American 
freshwater mussels as provided by Williams et al. (2017a, entire) which applies to the species assessed in this 
report. 

PHYLUM 
CLASS 
ORDER 
FAMILY 
SUBFAMILY 

Mollusca Linnaeus, 1758 
Bivalvia Linnaeus, 1758 
Unionida Gray, 1854 
Unionidae Rafinesque, 1820  
Ambleminae Rafinesque, 1820 

Louisiana Pigtoe and Texas Heelsplitter, along with approximately 85% of North American mussel species, 
belong to the subfamily Ambleminae. Generally speaking, members of this group share the following 
common characteristics: 1) are typically slow-growing and commonly live for more than twenty years, with 
growth rates typically between 1–5mm/year, depending on conditions (Howells et al. 1996, p.17), 2) are 
frequently summer breeders (Howells et al. 1996, p. 9) although the Lampsilini (e.g., Texas Heelsplitter) 
typically spawn in fall and brood through the winter, 3) possess either unhooked or axe-head-type glochidia; 
may brood larvae in either all four or the outer two (lateral) demibranchs (McMahon and Bogan 2001, p. 
342), 4) glochidia attach primarily to gills of the host fish (Barnhart et al. 2008, p. 375), 5) produce and store 
conglutinates in their mantle to facilitate rapid discharge of glochidia when fish attempt to feed (Barnhart et 
al. 2008, p. 375) and 6) free glochidia (not attached) may be released to water for hours or weeks prior to host 
infestation (Barnhart et al. 2008, p. 375). 
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2.A.2. LIFE HISTORY OF LOUISIANA PIGTOE AND TEXAS HEELSPLITTER 

Freshwater mussels, including Louisiana Pigtoe and Texas Heelsplitter, have a complex life history (Figure 
2.1) involving an obligate parasitic larval life stage, called glochidia, which are wholly dependent on host 
fish. As freshwater mussels are generally sedentary, dispersal is accomplished primarily through the behavior 
of host fish and their tendencies to travel upstream and against the current (positive rheotaxis) in rivers and 
streams. Mussels are broadcast spawners; males release sperm into the water column, which is taken in by the 
female through the incurrent aperture (the tubular structure used to draw water into the body of the mussel). 
The sperm fertilizes the eggs, which are held during maturation in an area of the gills called the marsupial 
chamber. The developing larvae remain in the marsupial chamber until they mature and are ready for release 
as glochidia, to attach on the gills, head, or fins of fishes (Vaughn and Taylor 1999, p. 913; Barnhart et al. 
2008, pp. 371-373). Glochidia die if they fail to find a host fish, attach to the wrong species of host fish, 
attach to a fish that has developed immunity from prior infestations, or attach to the wrong location on a host 
fish (Neves 1991, p. 254; Bogan 1993, p. 599). Glochidia encyst (enclose in a cyst-like structure) on the 
host’s tissue, draw nutrients from the fish, and develop into juvenile mussels weeks or months after 
attachment (Arey 1932, pp. 214-215). The glochidia will remain encysted for about a month through a 
transformation to the juvenile stage. Once transformed, the juveniles will excyst (release) from the fish and 
drop to the substrate. Freshwater mussel species vary in both onset and duration of spawning, how long 
developing larvae are held in the marsupial gill chambers, and which fish species serve as hosts. The 
mechanisms employed by mussel species to increase the likelihood of interaction between host fish and 
glochidia also vary by species. 

Figure 2.1. Generalized freshwater mussel life cycle. Freshwater mussels, including the Louisiana Pigtoe and Texas 
Heelsplitter, have a complex life history involving an obligate parasitic larval life stage, called glochidia, which are wholly 
dependent on host fish. (Image courtesy of Shane Hanlon, USFWS). 

Although mature mussels are capable of moving short distances using a muscular foot appendage, they are 
generally sedentary and therefore experience their primary opportunity for dispersal and movement within a 
stream as glochidia attached to a mobile host fish (Smith 1985, p. 105). Upon release from the host, newly 
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transformed juveniles drop to the substrate on the bottom of the stream. Those juveniles that drop in 
unsuitable substrates die because their immobility prevents them from relocating to more favorable habitat. 
Juvenile freshwater mussels burrow into interstitial substrates and grow to a larger size that is less susceptible 
to predation and displacement from high flow events (Yeager et al. 1994, p. 220). Adult mussels typically 
remain within the same general location where they drop off (excyst) their host fish as juveniles. 

Host specificity can vary across mussel species, which may have specialized or generalized relationships with 
one or more taxa of fish. Mussels have evolved a wide variety of adaptations to facilitate transmission of 
glochidia to host fish including: 1) display of mantle lures that mimic fish or invertebrates, 2) packages of 
glochidia (conglutinates) that mimic worms, insect larvae, larval fish, or fish eggs, and 3) release of glochidia 
in mucous webs that entangle fish (Strayer et al. 2004, p. 431). Polymorphism of mantle lures and 
conglutinates frequently exists within mussel populations (Barnhart et al. 2008, p. 383), representing 
important adaptive capacity in terms of genetic diversity and ecological representation. 

Freshwater mussels are generally considered to be long-lived and slow-growing (also see Haag and Rypel 
2010, p. 2), with some individuals estimated to be decades or even centuries old based on measured growth 
rates (Strayer et al. 2004, p. 433). Due in part to their long life spans, recruitment is episodic and populations 
may be slow to recover from disturbance. Thin-shelled mussels (like Texas Heelsplitter) often live 4–10 years 
while thick-shelled mussels (like Louisiana Pigtoe) can live for 20–40 years, or longer (Howells et al. 1996, 
p.17). 

Fast-growing species (like Texas Heelsplitter) may mature as early as their first year, while slow-growing 
species (like Louisiana Pigtoe) may take as long as 5–20 years to mature (Haag and Rypel 2010, p. 19).  Fast-
growing, short-lived species may be better adapted to more variable environments and therefore better suited 
to recover from high-mortality events than slower-growing long-lived species that are better adapted to more 
stable environments (Haag and Rypel 2010, p. 20). Nevertheless, growth rates and longevity often vary 
somewhat within and among populations of the same species. 

2.A.3. RESOURCE (HABITAT) NEEDS OF INDIVIDUALS 

Here we describe general habitat needs common to both Louisiana Pigtoe and Texas Heelsplitter. We describe 
the specific needs of each species in section 2.B (Species-Specific Needs of Louisiana Pigtoe and Texas 
Heelsplitter). 

Louisiana Pigtoe and Texas Heelsplitter generally occur in medium to large streams and rivers, requiring 1) 
flowing water of sufficient quantity and quality (i.e., low or no contaminants) to meet their life history 
requirements and that of their host fishes, 2) adequate food supply, 3) habitat that provides refugia from both 
high- and low-flow events, 4) appropriate substrate that is generally characterized as stable and free of 
excessive fine sediment, 5) access to appropriate fish hosts, and 6) habitat connectivity (i.e., lack of 
impoundments and other barriers to fish passage) (Figure 2.2, Table 2.1). 
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Figure 2.2. Influence diagram representing the general population needs of Louisiana Pigtoe and Texas Heelsplitter. 
Habitat factors (orange boxes) influence demographic factors (green ovals) that affect population attributes (blue ovals) 
which influence overall resiliency of Louisiana Pigtoe and Texas Heelsplitter mussel populations. 

Flowing water and protection from low-flow (dry or dewatering) events. Louisiana Pigtoe are not adapted to 
lentic or non-flowing environments (e.g., reservoirs and impoundments) and do not persist or thrive in 
habitats unless they are free-flowing (lotic), such as unimpeded stream and river reaches. Potamilus species, 
including Texas Heelsplitter, are considered riverine lentic microhabitat specialists (Haag 2012, p. 135). 
Microhabitat refers to smaller habitat types within a larger habitat, such as localized areas that offer flow 
refugia (e.g., pooled areas behind structures) and interstitial spaces in substrate. Texas Heelsplitter are able to 
persist in lentic conditions, inhabiting several impoundments in north and east Texas. Both species of 
freshwater mussels in this report are considered to be lotic-habitat specialists, with Texas Heelsplitter tolerant 
of lentic-habitats. 

Since both species evolved in, and are adapted to, free-flowing environments, they require (i.e., necessary to 
meet life-history requirements) unaltered rivers and streams that are free from major impoundments and other 
structures that impede flow. Free-flowing water provides appropriate oxygenation, nutrition, thermal 
buffering, and access to fish hosts for reproduction and dispersal. Louisiana Pigtoe and Texas Heelsplitter 
require adequate, but not excessively high flows, which may lead to scouring of suitable substrates. 

Louisiana Pigtoe and Texas Heelsplitter generally do not tolerate exposure to a non-watered environments. 
Dewatering of occupied habitat can lead to reduced reproduction, health, body condition, or fitness, and can 
result in eventual death or stranding of mussels, along with exposure to predation. Dewatering can also affect, 
limit, or prevent mussel-host fish interaction. As such, these freshwater mussels require habitats and meso-
habitats (e.g., medium-sized habitats such as riffle, pool, and backwater areas within streams) that consistently 
provide minimum flows necessary to meet life history requirements. Preferred (i.e., selected for by the 
species) habitat for Louisiana Pigtoe and Texas Heelsplitter will maintain the necessary minimum flows and 
are protected from dewatering throughout the year. While some mussel species in other regions of Texas are 
more tolerant of dewatering, or have adaptations to avoid stranding (Bonner et al 2018, p. 196), Louisiana 

Louisiana Pigtoe & Texas Heelsplitter SSA Report 6 February 2022 



      

      
 

 
    

  
     

     
   

   
     

  
  

  
   

     
      

       
 

 
   

    
 

    
     

    
    

     
     

    
  

   
  

      
    

   
 

 
   

   
     

     
 

    
   

     
    

  
   

 
  

Pigtoe and Texas Heelsplitter are not well adapted to persist in habitats subject to rapid and frequent 
dewatering (Mitchell et al. 2018, p. 16). 

Protection from high-flow (scour) events. Louisiana Pigtoe and Texas Heelsplitter live in the substrate of 
rivers and streams, also known as the benthic environment (stream bed and bank habitats). Benthic habitats 
are typically comprised of a mix of sediments and cobble that are subject to periodic disturbance from high 
storm flows. The increased velocity of these storm flows can scour sediments and dislodge mussels, 
transporting them downstream to locations that may or may not be suitable habitat. Although mussels have 
adapted to increased flows associated with natural storm events, changing land uses such as increases in 
impervious cover and storm run-off from urban areas, may exceed their capacity to remain entrenched in 
substrates and result in mortality. Therefore, Louisiana Pigtoe and Texas Heelsplitter require microhabitats 
(flow refugia) that are naturally protected from scouring high-flow events that may occur during flood 
conditions. Some examples of flow refugia include boulders, crevices, bedrock shelves, bends, meanders, 
undercut banks, eddies, riffles, and living or dead vegetation (i.e., tree roots and coarse woody debris). In 
summary, Louisiana Pigtoe and Texas Heelsplitter require a balance between periods of low flow where the 
volume must be sufficient to meet their basic life history needs (discussed in the previous paragraph) and high 
flows that must not reach levels capable of scouring substrate, or otherwise degrading or destroying their 
habitat. 

Water quality. Louisiana Pigtoe and Texas Heelsplitter require natural, high quality (pollutant free) water and 
are sensitive to both point and non-point source contaminants that deteriorate water quality and degrade their 
habitat. Contaminants are capable of altering the chemical, physical, and biological characteristics of a stream 
to the point where mussels or their host fish can no longer survive. A variety of pollutants can cause lethal 
and sub-lethal effects in aquatic biota, but mussel-specific data are generally lacking regarding their 
sensitivity to the more than 80,000 chemical compounds and their metabolites that are currently in commerce 
and are routinely released into the environment. Contaminants that are sometimes elevated in rivers and are a 
concern to mussel health include excess nutrients such as ammonia (NH3), which is highly toxic to aquatic 
organisms, chemicals related to wastewater disinfection such as chlorine (Cl), trace metals like copper or 
cadmium (March et al. 2007, p. 270, Wang et al. 2010, p. 2057), dissolved solids (e.g., salinity), 
pharmaceuticals and personal care products (e.g., musks, fragrances, growth hormones, estradiol), and a 
variety of pesticides commonly used for residential and commercial applications; these pollutants, 
individually or collectively (i.e., synergism) can interfere with the ability of mussels or their host fishes to 
feed, breed, or otherwise meet their life history needs (Cope et al. 2008, p. 452). Augspurger et al. (2003) 
estimated a safe range of ammonia concentrations for all mussel life stages of 0.3-0.7 mg/L total ammonia 
nitrogen (TAN) at pH 8 (p. 2574) and noted that “sediment pore-water concentrations of ammonia typically 
exceed those of overlying surface water” (p. 2574). Healthy mussel populations need natural, high quality 
(pollutant free) water that is free of pollutants, has appropriate water chemistry including desirable 
oxygenation (generally expressed as mg/L dissolved oxygen), and is within appropriate upper and lower 
thermal limits (Khan et al. 2019, entire). It is worth noting that water quality and water quantity are 
interrelated and interdependent, so as water quantity decreases, the concentration of pollutants introduced to 
streams generally increases as does the likelihood that pollutants may reach levels harmful to aquatic biota. 

Firm and stable substrate. Since freshwater mussels live in the substrate of benthic environments, the 
composition of the substrate material is vital to their ability to properly anchor and remain firmly in place. A 
firm and stable substrate comprised of the appropriate mix of materials is necessary for mussels to withstand 
changes in stream flow such as perturbations associated with storm events and prevent transport downstream. 
Sediments such as shifting sands and unconsolidated silts generally do not provide appropriate anchoring 
substrate, and thus appropriate habitat, for Louisiana Pigtoe and Texas Heelsplitter. 
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Nutrition and food supply. Adult freshwater mussels, including Louisiana Pigtoe and Texas Heelsplitter, are 
filter-feeders, siphoning suspended phytoplankton, zooplankton, rotifers, protozoans, detritus and dissolved 
organic matter from the water column (Strayer et al. 2004, p. 430) and from sediment; juvenile mussels are 
capable of using their foot to collect food items from sediments (pedal feeding; Vaughn et al. 2008, pp. 409-
411). Glochidia derive what little nutrition they need from their obligate fish hosts (Barnhart et al. 2008, p. 
372). Stable isotope studies suggest some mussel species feed on coarse particulate organic matter (CPOM) or 
bacteria and fungi associated with and decomposing the CPOM (Bonner et al. 2018, pp. 7, 215). Freshwater 
mussels must keep their shells open (gaped) to obtain food and facilitate gas exchange. They are sometimes 
able to sense perturbations to water quality and may respond by temporarily closing their shells (Bonner et al. 
2018, p. 141). Food supply is not generally considered limiting in the environments inhabited by Louisiana 
Pigtoe and Texas Heelsplitter. 

Fish hosts. Louisiana Pigtoe and Texas Heelsplitter have an obligate parasitic relationship with their 
respective host fishes. Nearly all freshwater mussels are unable to successfully reproduce or disperse in the 
absence of appropriate host fish. Host fish are necessary to facilitate dispersal and represent the only 
mechanism to do so in a free-flowing environment, although downstream movement of individuals may occur 
during high flow events if they become dislodged from the substrate. Both large and small run of river 
impoundments act as barriers to fish passage, and therefore inhibit mussel dispersal and recolonization. In 
some cases, freshwater mussels may be more tolerant of water quality degradation than their host fish. For 
example, mussels generally prefer dissolved oxygen concentrations greater than 3 mg/L and will begin to 
experience respiratory distress below approximately 2 mg/L (Bonner et al. 2018, p. 131), but dissolved 
oxygen below 5 mg/L is generally considered to be harmful to many fish species, and fish mortality is almost 
certain below 2 mg/L (Francis-Floyd 2011, p. 1). 
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Table 2.1. General life history and resource needs of Louisiana Pigtoe and Texas Heelsplitter. 

Life Stage Resource Need(s) - Habitat Requirements Reference(s) 

All life Stages 

Water Quality: 
Natural, high quality water with no or very low levels of harmful pollutants 
(i.e., potentially harmful constituents and toxicants are ideally absent, or at a 
minimum are below the tolerance limits of mussels, their host fishes, and prey 
items consumed by mussels or their hosts). Desirable conditions include, but 
are not limited to the following: 
- Natural, unaltered ambient water temperature; generally below 27°C (80.6°F) 
is considered protective, but sensitivity can vary by species and many species 
have not been tested for thermal tolerance 
- Dissolved oxygen generally > 3 mg/L or parts per million (ppm) 
-Low salinity/total dissolved solids (TDS) (e.g., trends for TDS and 
conductivity within watershed are stable (not increasing due to anthropogenic 
activity)) 
-No excess nutrients (e.g., nitrogen and ammonia levels are low (NH3 below 
0.3–0.7 mg/L NH3-N at pH 8 and 25°C (77°F) cited by Augspurger as 
generally protective of unionids)) 
-No or low levels of copper, nickel, and other potentially harmful trace metals 
-No or low levels of pesticides, sulfate, chloride, potassium, and other 
potentially harmful constituents 
-No or low pollutants related to municipal and industrial wastewater or urban 
run-off, including pharmaceuticals, hormones, coliform bacteria, antibiotics, 
disinfection by-products (e.g., chlorine), petroleum hydrocarbons, and other 
environmental contaminants common to wastewater 

Khan et al. 2019, entire. 
Gascho-Landis and 
Stoeckel 2016, p. 8; 
Gascho-Landis et al. 
2013, pp. 76, 79; 
Augspurger et al. 2003, 
pp. 2569, 2571, 2574; 
Augspurger et al. 2007, 
p. 2,025; Cope et al. 
2008, p. 454, 456. 

Water Quantity: Galbraith and Vaughn 
Flowing water in sufficient quantity to support the life history requirements of 2009, p. 46; Allen and 
mussels and their host fishes Vaughn 2010, p. 390; 

Randklev et al. 2013b, 
p. 269. Randklev et al. 
2017a, pp. 1, 5. 

Gamete 
(broadcast sperm, 
egg development, 
to fertilization) 

Sexually mature male and female mussels with appropriate water temperatures 
for spawning, fertilization, and brooding. Temperature is a primary cue for 
spawning. Low temperatures can suspend reproduction and high temperatures 
can lead to premature expulsion of glochidia 

Haag 2012, pp. 38–39; 
Galbraith and Vaughn 
2009, p. 45-46; 
Randklev et al. 2013a, 
pp. 3, 19. 

Glochidium 
(from attachment 
through 
excystment) 

Presence of host fish with sufficient flows to allow attachment, encystment, 
relocation, excystment, and dispersal of glochidia. Note that glochidia can be 
up to four times more sensitive to pollutants in water than juveniles 

Barnhart et al. 2008, p. 
372; Randklev et al. 
2013b, p. 269. Stable substrates appropriate for burrowing 

Juvenile, sub-
adult, and Adult 
(from excystment 
through maturity) 

Stable substrates comprised of suitable sediment types and appropriate for 
burrowing 

Allen and Vaughn 
2010, pp. 384-385. 

Appropriate food source in adequate supply 
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2.B. SPECIES-SPECIFIC NEEDS OF LOUISIANA PIGTOE AND 
TEXAS HEELSPLITTER 

2.B.1. LOUISIANA PIGTOE, PLEUROBEMA RIDDELLII (LEA, 1862) 

Figure 2.3. Louisiana Pigtoe observed from Neches River, Angelina/Trinity Counties, Texas (USFWS photo). 

2.B.1.A. TAXONOMIC AND MORPHOLOGICAL DESCRIPTIONS 

The Louisiana pigtoe (Figure 2.3) was originally described as the species Unio riddellii by Isaac Lea (1862, p. 
228) from the Trinity River near the City of Dallas, Dallas County, Texas. The holotype (Smithsonian 
National Museum of Natural History, USNM 84635) was recently confirmed as Louisiana Pigtoe through 
genetic analysis (Randklev 2019b, p. 3). Simpson (1914), Vidrine (1993), and Howells et al. (1996) 
recognized the following synonyms: 

Unio friersoni Wright (1896); 
Quadrula friersoni (Wright) of Simpson (1914) and Frierson (1927); 
Fusconaia friersoni (Wright) of Stern (1976) and Vidrine (1985); 
Quadrula ridelli (Lea) of Strecker (1931); 
Pleurobema riddelli (Lea) of Vidrine (1993), Howells et al. (1996), Turgeon et al. (1998), and others. 

The current recognized scientific name for Louisiana Pigtoe is Pleurobema riddellii, and this report refers to it 
as such. The following taxonomic treatment follows Williams et al. (2017a, pp. 35, 42). 

CLASS Bivalvia Linnaeus, 1758 
ORDER Unionida Gray, 1854 
FAMILY Unionidae Rafinesque, 1820 
SUBFAMILY Ambleminae Rafinesque, 1820 
TRIBE Pleurobemini Hannibal, 1912 
GENUS Pleurobema Rafinesque, 1819 
SPECIES Pleurobema riddellii (Lea, 1861) 
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The Louisiana Pigtoe is a medium-sized freshwater mussel (shell lengths to greater than 62 mm) with a brown 
to black, triangular to subquadrate shell without external sculpturing, sometimes with greenish rays. 
Burlakova et al. (2011a, p. 158) considered the species rare throughout its range. For a detailed description 
see Howells et al. 1996 (pp. 91-92) and Howells 2014 (p. 65). Other native mussel species (e.g. Pimpleback, 
Cyclonaias pustulosa; Texas Pigtoe, Fusconaia askewi; Trinity Pigtoe, F. chunii; and Wabash Pigtoe, F. 
flava) can easily be mistaken for Louisiana Pigtoe when identified by shell morphology alone. A recent 
survey suggested experienced malacologists had a 76% success rate accurately identifying the species in the 
Little River, Oklahoma, when field identifications were compared with genetic analysis results (Inoue 2018, 
p. 1). 

2.B.1.B. GENETIC DIVERSITY 

Williams et al. (2017a, p. 51) recognized 23 species from the genus Pleurobema. Recent genetic work 
supports the monophyly of genus Pleurobema and subgenus Pleurobema (Sintoxia), with P. cordatum, P. 
plenum, P. riddellii (Louisiana Pigtoe), P. rubrum, and P. sintoxia forming a single clade, and all other 
Pleurobema species in a second clade (Inoue et al. 2018, pp. 694, 698; Williams 2017a, p. 51). Inoue et al. 
(2018, p. 669) also suggested divergence within the P. riddellii complex due to phylogenetic distinction 
between Pleurobema cf. riddellii from the Ouachita River drainage and Pleurobema riddellii from the Red 
River and west Gulf Coast drainages, although additional samples would be required to assess P. cf. riddellii 
as a possible new species. The type locality specimen (holotype, Smithsonian National Museum of Natural 
History, USNM 84635) was described by Lea in 1861 from the Trinity River near Dallas (Lea 1862, p. 392) 
and recently confirmed as Louisiana Pigtoe through genetic analysis (Randklev 2019b, p. 3). 

2.B.1.C. REPRODUCTION AND FISH HOST INTERACTIONS 

The reproductive cycle strategy of Louisana Pigtoe is currently unconfirmed. Marshall (2014, pp. 46-47) 
considered Louisiana Pigtoe to be bradytictic (i.e., longterm brooders; spawning occurs during the summer, 
glochidia are held by the female over winter and released the following spring); however, gravid females have 
been observed in July. A closely related congener, Pleurobema plenum, is known to utilize the tachytictic 
reproductive cycle (i.e., short term brooders; fertilization occurs in the spring and glochidia are expelled 
during the summer or early fall)(EPA 2007, p. 37). Freshwater mussel recruitment does not occur every year 
(Ford et al. 2016, p. 28). 

The primary host fish for Louisiana Pigtoe has not been confirmed. Marshall (2014, pp. 59-60) suggested 
Bullhead Minnow (Pimephales vigilax), Red Shiner (Cyprinella lutrensis), and Blacktail Shiner (Cypinella 
venusta) as potential fish hosts based on a fish host distribution modeling effort. When modeled individually, 
Bullhead Minnow, Red Shiner, Dusky Darter (Percina sciera), and Blacktail Shiner accounted for 47%, 59%, 
75%, and 77% of the gain of the full mussel model, respectively (Marshall 2014, pp. 57, 59-60). In this same 
study, and as part a model validation effort, encysted Louisiana Pigtoe glochidia were collected from wild 
Bullhead Minnow and Red Shiner from the Neches River; however, none were found encysted on Blacktail 
Shiner or Dusky Darter. Marshall (2014, p. 60) proposed that since Blacktail Shiner and Red Shiner are 
closely related and are known to hybridize, they likely serve as hosts to the same freshwater mussel species. 
Hinkle (2018) collected glochidia infected wild fish from the upper Neches River and kept them under 
laboratory conditions through glochidia metamorphosis. Results indicated six genetically confirmed 
Louisiana Pigtoe juveniles excysted from Blacktail Shiners (Hinkle 2018, p. 9, 11). 

Hinkle (2018) reported male gametogenesis occurred from mid-July through mid-August with peak 
production occurring at 30°C (p. 19). Male gametes were flagellated and had an average length of 4.2 
micrometers (µm), average width of 1.96 µm, and were found in concentrations ranging from 500,000 to 
approximately 20,000,000 gametes per milliliter. Female gametogenesis occurred from March through 
September with peak production at 25°C in early September through early October (Hinkle 2018, p. 19, 21). 
In females, concentrations of gametes ranged from 0 (but with clusters of oogonia and oocytes) up to 219,400 
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nonviable ova and 173,200 viable ova and averaged 12,500 nonviable and viable ova among sampled sexually 
mature females (Hinkle 2018, p. 19). 

2.B.1.D. AGE AND GROWTH 

A single Louisiana Pigtoe juvenile from the Neches River, Texas, was reported to grow 15 mm during its first 
year from an initial shell length of 2 mm (Ford et al. 2016, p. 30). Sexual maturity is achieved at shell lengths 
around 40 mm and mature adults grow approximately 2.5 mm in shell length per year (Ford et al. 2016, pp. 
28, 30). At these growth rates, juvenile Louisiana Pigtoe could reach maturity in 3-4 years. Sexually mature 
males were estimated to be between 9 and 12 years old based on external valve annuli and were between 37-
50 mm in shell length (Hinkle 2018, p. 19). Based on ova production, sexually mature females were estimated 
by external annuli to be between 4 and 12 years of age with shell lengths ranging from 29-59 mm (Hinkle 
2018, p. 19). 

2.B.1.E. HABITAT 

Louisiana Pigtoe occur in medium to large-sized streams and rivers in flowing waters (0.3-1.4 m/s) over 
substrates of cobble and rock or sand, gravel, cobble, and woody debris; they are often associated with riffle, 
run, and sometimes larger backwater tributary habitats (Ford et al. 2016, pp. 42, 52; Howells 2010a, p. 3-4; 
Williams et al. 2017b, p. 21). Specimens are typically found in shallower waters (0.1-1.2 m in depth; Howells 
2010a, p. 3); however, recent surveys found Louisiana Pigtoe as deep as 3.33 m in the lower Neches River 
(downstream of B.A. Steinhagen Lake)(Corbett 2020, pp. 2, 4). Other specimens collected from the Neches 
River occupied substrates of gravel mixtures at depths between 0.57-1.12 m in run habitat with flow velocities 
of 0.44-0.66 m/s (Glen 2017, p. 17). 

Table 2.2. Louisiana Pigtoe Life History Characteristics and Resource Needs 

Life Stage Resource Needs Reference 
Glochidia: 
through host 
fish attachment 

Potential Hosts: Red Shiner (Cyprinella (Notropis) 
lutrensis), Blacktail Shiner (Cyprinella venusta), 
Bullhead Minnow (Pimephales vigilax) 

Ford and Oliver 2015, p. 6; Bertram 
2015, p. 32; Marshall 2014, p. 37 
Hinkle 2018, p. 9, 11) 

Juveniles: 
excystment 
through sexual 
maturity 

Habitat requirements assumed to be similar to adults 
Growth rate: One 2 mm individual grew 15 mm in the 
first year 

Ford et al. 2016, p. 30 

Growth rate: May grow to 35 mm during first 3 years Ford et al. 2016, p. 30 
Size at maturity: Approximately 40 mm Ford et al. 2016, p. 28 

Adults 

Stream flow: Intermediate flow volume; 0.3-1.4 m/s in 
Neches River, TX; larger backwater tributaries of 
Neches River upper reaches 

Ford et al. 2016, p. 42; Howells 
2010a, pp. 3-4; Williams et al. 
2017b, p. 21; Vaughan 2017, p. 9 

Depth: Typically 0.1 – 1.2 m Howells 2010a, p. 3 

Substrate: Riffles of cobble and rock; sand, gravel, 
cobble, woody debris; runs with subdominant gravel 
mixtures 

Ford et al. 2016, p. 52; Howells 
2010a, p. 3; Burlakova et al. 2012, 
p. 5; Glen 2017, p. 17. 

Growth rate: Approximately 2.5 mm shell length per 
year 

Ford et al. 2016, p. 30 

Abundance: Considered rare Ford et al. 2016, p.4 
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Figure 2.4. Texas Heelsplitter observed from Neches River, Angelina/Trinity Counties, Texas (USFW photo). 

2.B.2. TEXAS HEELSPLITTER, POTAMILUS AMPHICHAENUS (FRIERSON, 1898) 

2.B.2.A. TAXONOMIC AND MORPHOLOGICAL DESCRIPTION 

The Texas Heelsplitter (Figure 2.4) was first described as the species Unio (Lampsilis) amphichaenus by 
Frierson (1898, p. 109) from the Sabine River near Logansport, Louisiana. Vidrine (1993), Neck and Howells 
(1995, p. 4), and Howells (1996, p. 95) recognized the following synonyms (Howells 2010b, p. 4): 

Unio (Lampsilis) amphichaenus of Frierson (1898); 
Lampsilis (Proptera) amphichaenus (Frierson 1898) of Simpson (1900); 
Lampsilis (Proptera) amphichaena (Frierson 1898) of Simpson (1914); 
Proptera amphichaena (Frierson 1898) of Frierson (1927) and Haas (1969); 
Leptodea amphichaena (Frierson 1898) of Burch (1975); 
Lastena amphichaena (Frierson 1898) of Hoggarth (1988); 
Potamilus amphichaenus (Frierson 1898) of Turgeon et al. (1988), Williams et al. (2017a), and others. 

The recognized scientific name for Texas Heelsplitter is Potamilus amphichaenus, and this report refers to it 
as such. The following taxonomic treatment follows Williams et al. (2017a, pp. 35, 42). 

CLASS Bivalvia Linnaeus, 1758 
CLASS Bivalvia Linnaeus, 1758 
ORDER Unionida Gray, 1854 
FAMILY Unionidae Rafinesque, 1820 
SUBFAMILY Ambleminae Rafinesque, 1820 
TRIBE Lampsilini Ihering, 1901 
GENUS Potamilus Rafinesque, 1818 
SPECIES Potamilus amphichaenus (Frierson, 1898) 
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The Texas Heelsplitter is a medium to large-sized freshwater mussel (up to 177 mm shell length) that has a 
tan to brown or black elliptical shell, with lighter coloration on the beaks. The hinge line is relatively straight. 
Texas Heelsplitter exhibit slight sexual dimorphism; females have a broadly rounded posterior margin and 
males are more pointed (Howells 2010b, p. 2). The base of the anterior margin exhibits a long, narrow gape, 
while a shorter, much wider gape is located along the posterior margin, presumably to accommodate the 
incurrent and excurrent apertures (Neck and Howells 1995, p. 4). Burlakova et al. (2011, p. 158) considered 
the species rare throughout its range. For a detailed morphological description see Neck and Howells (1995, 
p. 5-6), Howells et al. (1996, p. 95) and Howells (2014, p. 69). 

2.B.2.B. GENETIC DIVERSITY 

N. Ford et al. (2016, p. 48) sequenced the mitochondrial gene known as ND1 from six Texas Heelsplitter, six 
Pink Papershell (Potamilus ohiensis), and one suspected Texas Heelsplitter/Pink Papershell hybrid. Results 
showed that the suspected hybrid had a mix of both species genetic characteristics preventing positive species 
level identification. The hybrid morphology also exhibited a blending of the two species. Texas Heelsplitter 
and Pink Papershell are known to co-occur in the Trinity River drainage but the extent to which Texas 
Heelsplitter populations have been compromised by Pink Papershell genetics is currently unknown (Ford et 
al. 2016, p. 49). 

2.B.2.C. REPRODUCTION AND FISH HOST INTERACTIONS 

Although information specific to Texas heelsplitter reproduction is unavailable, other species from the tribe 
Lampsilini release glochidia in packets, called conglutinates, and are known to use mantle lures to attract 
sight feeding fishes that attack and rupture the marsupium, thereby becoming infested by glochidia (Barnhart 
et al. 2008, p. 377, 380). Most species of Lampsilini are long-term brooders (bradytictic) (p. 384). Howells 
(2010b) observed eggs and glochidia from two females during January from the Neches River; however, 13 
others collected in January, July, and August were not gravid (p. 3). A single female, 90 mm in shell length, 
was estimated to have 6,665 eggs and 871,665 glochidia while another female with a 104 mm in shell length 
had 599,375 eggs and 646,250 glochidia (Howells 2010b, p. 3). Freshwater Drum (Aplodinotus grunniens) 
were confirmed as host fish for Texas Heelsplitter (Bosman et al. 2015, p. 15). Freshwater mussel recruitment 
does not occur every year (Ford et al. 2016, p. 28). 

2.B.2.D. AGE AND GROWTH 

A congener (Potamilus purpuatus (common name Bluefer)) from the southeast United States was reported by 
Haag and Rypel (2011) to reach a maximum age of 9–26 years (Table 1, p. 229) and members of tribe 
Lampsilini ranged from 4–50 years (p. 234) with a higher growth rate compared to other tribes (p. 239). Texas 
Heelsplitter has been reported mature at approximately 60 mm and juvenile presence has been confirmed in 
the Sabine River (Ford et al. 2016, p. 31). 

2.B.2.E. HABITAT 

Texas Heelsplitter occur in streams and rivers of the Trinity, Neches, and Sabine River drainages on 
substrates consisting of “firm mud, sand, or finer gravels bottoms, in still to moderate flows” and sometimes 
associated with fallen timber (Howells 2014, p. 69; Howells 2010b, p. 3, and Table 2.3). Vaughan (2017, 
p.15) collected specimens in substrates with high organic matter content. Dickson (2018, p. 23) reported 
Texas Heelsplitter were found in areas of large channel widths, with at least one low bank, in sandy 
substrates, at depths of 10 cm and deeper within the substrate, and in areas prone to bankfall. Texas 
Heelsplitter can tolerate man-made impoundments and have been found in several east Texas reservoirs 
(Howells 2010b, p. 3). 
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Table 2.3.  Texas Heelsplitter Life History Characteristics and Resource Needs 
Life Stage Resource Needs Reference 
Glochidia: through 
host fish attachment Host: Freshwater Drum (Aplodinotus grunniens) Bosman et al. 2015, p. 15 

Juveniles: 
excystment through 
sexual maturity 

Habitat requirements assumed to be similar to 
adults 
Size at maturity: Approximately 60mm Ford et al. 2016, p. 31 

Adults 

Stream flow: Slow to moderately flowing 
streams; tolerates impoundments Howells 2010b, p. 3 
Depth: Deeper pools with sand Ford et al. 2010, p. 13 
Substrate: Mud, sand, finer gravels, and 
mixtures of those with high organic matter 
content; sometimes associated with fallen timber 

Howells 2010b, p. 3 
Vaughan 2017, p. 15 

Brooding: Both eggs and glochidia found in two 
females in Neches River in January, glochidia 
found in one from Sabine River in July, others 
collected in January, July, and August not gravid Howells 2010b, p. 3 
Fecundity: 90 mm sl (shell length) female 
(6,665 eggs, 871,665 glochidia), 104 mm sl 
female (599,375 eggs, 646,250 glochidia) Howells 2010b, p. 3 
Habitat availability: Not declining in east Texas 
rivers 

Williams et al. 2017b, p. 
21 

Species abundance: Considered very rare Howells 2010b, pg. 7; 
Williams et al. 2017b, p. 
21 

Hybridization: May hybridize with Pink 
Papershell (Potamilus ohiensis) in Trinity basin; 
hybridized offspring morphology a mixture of 
both species characteristics Ford et al. 2016, p.48 

2.C. SUMMARY 
This report considers two species of freshwater mussels, Louisiana Pigtoe and Texas Heelsplitter, both of 
which belong to the subfamily Ambleminae of the family Unionidae. The two species occur in three or more 
of the following seven basins in Arkansas, Louisiana, Oklahoma, and Texas: Little River, Calcasieu River, 
Big Cypress Bayou, Sabine River, Angelina River, Neches River, and Trinity River. The Louisiana Pigtoe 
and Texas Heelsplitter are among the 15 mussel species added to the list of Texas state threatened species by 
the Texas Parks and Wildlife Department in 2009 (TPWD 2009, pp. 1-2). 

Species needs for Louisiana Pigtoe and Texas Heelsplitter generally include water environs with suitable 
substrate, adequate but not scouring flows, high-quality water (within optimal thermal and dissolved oxygen 
limits, and without harmful pollutants or contaminants), refuge from high and low flow events, stable 
substrates, access to appropriate host fishes, and appropriate nutrition (adequate but not excessive levels of 
CPOM and associated bacteria and fungi, or suspended phytoplankton). 
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CHAPTER 3 – SPECIES NEEDS AT THE INDIVIDUAL AND 
POPULATION LEVEL 
This chapter considers the current and historical distribution of the Louisiana Pigtoe and Texas Heelsplitter, 
and evaluates factors important to assessing the viability of each species. Along with species distribution, we 
examine the needs of the species as they pertain to population resiliency, redundancy, and representation, 
which support species viability and reduce the likelihood of extinction. 

For the purposes of this assessment, a mussel population is defined as a stream reach that is occupied by a 
collection of mussel beds through which host fish infested with glochidia may travel freely, allowing for 
dispersal of juveniles among and within mussel beds. Viability is defined as the ability of the species to 
sustain populations in the wild over time, in this case, 50 years. Fifty years represents at least five mussel 
generations and reflects the approximate forecasting horizon for climate projections and estimates of future 
development. This assessment considers the viability of each species following the SSA framework based on 
“the conservation biology principles of representation, resiliency, and redundancy (the 3Rs) to evaluate the 
current and future conditions of a species” as described by Smith et al. (2018, p. 7). 

3.A. HISTORICAL RANGE AND CURRENT DISTRIBUTION 

3.A.1. LOUISIANA PIGTOE 
The range of the Louisiana Pigtoe is comprised of multiple river drainages throughout portions of east Texas, 
Louisiana, west Mississippi, southeast Oklahoma, and southwest Arkansas (Vidrine 1993, p.66; Howells et al. 
1997, p.22; Randklev et al. 2013b, p. 269; Randklev 2018, entire). In Texas, the Louisiana Pigtoe has been 
recorded from several east Texas rivers, including the Big Cypress-Sulphur, Neches-Angelina, Sabine, San 
Jacinto, and Trinity River basins (Strecker 1931, p.29; Howells et al. 1996, p. 91; Howells 1997, p. 22; 
Howells 2006, p. 98; Burlakova et al. 2012, p. 12; D. Ford 2013, pp. 75 – 80; Ford et al. 2014, p. 10; Ford et 
al. 2016, p. 20; Randklev 2018, entire) (see Figure 3.1). In Louisiana, the species has been recorded within the 
Amite, Bayou Boeuf, Calcasieu, Red, Sabine, and Pearl River systems (Vidrine 1993, p.66; Randklev et al. 
2013b, p. 269; LNHP 2018, entire; Randklev 2018, entire; Johnson et al. 2019, p. 11). In Mississippi, the 
species has been observed from the Pearl River (Johnson et al. 2019, p. 11). In Arkansas, the species has been 
recorded in the Cossatot, Saline, Rolling Fork, and Little Rivers (USFWS 2014, p. 29; USFWS 2015, p. 5; 
USFWS 2017, p. 8; Randklev 2018, entire). In Oklahoma, the species has been recorded in the mainstem of 
the Little River (Inoue 2018, p. 1). Reported populations from the Ouachita River system in Arkansas were 
determined to be phylogenetically distinct from Louisiana Pigtoe and are not considered in this report (Inoue 
et al. 2018, p. 699). We assume the historical distribution of the species would have included the entirety of 
the river basins described above where connectivity was not an issue and conditions were suitable (see stream 
segments highlighted black on Figure 3.1)(Note: our estimates of historical range include the mainstem and 
major tributaries within basins, but do not include an often vast network of minor tributaries even though 
these areas may have been occupied by mussels in the past). 
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Figure 3.1. Estimated Louisiana Pigtoe current and historical distribution. 
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For this assessment a current Louisiana Pigtoe population, also referred to as a focal area and labeled “Current 
Distribution” on Figure 3.1 (see stream segments highlighted blue), is defined as a contiguous (hydrologically 
connected) reach of stream containing freshwater mussel beds with live or recent dead individuals (recent 
dead individuals likely indicate the presence of undetected live individuals; Randklev 2011, p. 17) observed 
in surveys performed from the year 2000 to present. Recent dead refers to dead individuals with valves still 
attached by the hinge, lustrous nacre, and intact periostracum; soft tissues may or may not be present 
(Howells 1996, pp. ii, 4). Since mussels are likely to occur beyond known sampled areas, estimates of the 
upper and lower extent of populations were determined by extending 0.5 miles beyond the most upstream or 
downstream location with live or recent dead observations since 2000. Populated tributaries (tributaries with 
live or recent dead observations since 2000) that were hydrologically connected (i.e., no impoundments or 
other barriers to host fish passage) to another population were considered a single population; if appropriate, 
the lower extent was then determined by extending the population line approximately 0.5 river miles 
downstream of the confluence of the populated streams. Specific survey location information was not 
available for the Pearl River population as of the writing of this report other than at the Hydrologic Unit Code 
10 (HUC10) scale. This population was delineated from the upper boundary of the most upstream occupied 
HUC10 to the lower boundary of the most downstream occupied HUC10. Table 3.1 displays the estimated 
length of each population in river miles, extracted from the U.S. Geological Survey’s National Hydrography 
Dataset (USGS 2014). 

Table 3.1. Current known populations of Louisiana Pigtoe and estimated length of occupied reach. 

Louisiana Pigtoe Focal Areas 
River Basin (Representaton 
Area) 

State Population (Focal Area) Length of 
Occupied 
Reach 
(miles) 

Red 
AR/OK Little River /Rolling Fork 103.6 
AR Cossatot River 41.9 
AR Saline River 27.9 
AR Lower Little River 8.5 

Big Cypress-Sulphur TX Big Cypress Bayou 32.3 
Calcasieu-Mermentau LA Upper Calcasieu River 133.8 

Pearl LA/MS Pearl River 280.8 
Sabine TX Sabine River 86.8 

LA Bayou Anacoco 9.1 

Neches 
TX Angelina River 53.2 
TX Neches River 203.0 
TX Lower Neches River 160.4 

San Jacinto TX East Fork San Jacinto 1.3 
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3.A.1.A. Little River/Rolling Fork Population (Red River Basin) 

The Rolling Fork reach of this population extends from the confluence of the Rolling Fork with the Little 
River near Horatio, Arkansas, upstream to approximately 1.4 miles below DeQueen Lake. The Little River 
reach begins near Alleene, Arkansas and continues upstream to near Garvin, Oklahoma. Multiple survey 
efforts have observed a total of 280 Louisiana Pigtoe in the Little River/Rolling Fork population from 2013 to 
2018 (Bouldin et al. 2013, entire; Davidson et al. 2014, entire; AGFC 2018, entire; Davidson 2017, entire; 
Inoue 2018, p. 1). The combined length of the Little River/Rolling Fork population is approximately 103.6 
river miles within McCurtain County, Oklahoma, and Sevier and Little River counties, Arkansas. 

3.A.1.B. Cossatot River Population (Red River Basin) 

The Cossatot River population begins near its confluence with Little River at Millwood Lake and extends 
upstream to approximately five miles below Gillham Lake. In 2013, Louisiana Pigtoe were first recorded 
from the Cossatot River at 39 sites with 148 detections (AGFC 2018, entire). The length of the Cossatot River 
population is estimated at 41.9 river miles in Sevier County, Arkansas. 

3.A.1.C. Saline River Population (Red River Basin) 

The Saline River population extends approximately 28 miles upstream from its confluence with the Little 
River at Millwood Lake. In 2013, the Saline River was sampled for the first time at eight sites resulting in 18 
Louisiana Pigtoe detections (Bouldin et al. 2013, entire; AGFC 2018, entire). The Saline River population 
occupies an estimated 27.9 river miles in Sevier and Howard counties, Arkansas. 

3.A.1.D. Lower Little River Population (Red River Basin) 

The Lower Little River population extends approximately 8.5 miles downstream of the Millwood Dam. The 
freshwater mussel community of the lower Little River was sampled only in 2012 resulting in two live and 
two recent dead Louisiana Pigtoe detections at three sites (AGFC 2018, entire). The Lower Little River 
population is approximately 8.5 river miles in length within Little River and Hempstead counties, Arkansas. 

3.A.1.E. Big Cypress Bayou Population (Big Cypress-Sulphur Basin) 

The Big Cypress Bayou portion of the Big Cypress Bayou population extends from approximately 0.5 miles 
downstream of the confluence with Little Cypress Bayou to approximately 4.5 miles downstream of Ferrell’s 
Bridge Dam on Lake O’ the Pines. The Little Cypress Bayou reach of the population extends approximately 
10.6 miles upstream of its confluence with Big Cypress Bayou. From 2011 to 2016, 27 Louisiana Pigtoe were 
observed at 12 sites from this population (Randklev 2018, entire). The length of the entire Big Cypress Bayou 
Population is estimated at 32.3 river miles in Marion and Harrison counties, Texas. 

3.A.1.F. Pearl River Population (Pearl Basin) 

The Pearl River population extends from a point approximately 2.5 miles northwest of Nicholson, 
Mississippi, to the Ross Barnett Reservoir dam located approximately 8 mile northeast of Jackson, 
Mississippi. From 2005 to 2018, seven Louisiana Pigtoe were observed from three sites on the Pearl River 
(Johnson et al. 2019, p. 11). Additional surveys are needed, but based on the limited information available we 
estimate the length of the Pearl River population at 280.8 river miles encompassing portions of St. Tammany 
and Washington parishes, Louisiana; and Copiah, Hinds, Lawrence, Marion, Pearl River, Rankin, and 
Simpson counties, Mississippi. 

3.A.1.G. Calcasieu River Population (Calcasieu-Mermentau Basin) 

The Calcasieu River population extends upstream from approximately 0.5 mile downstream of the Whiskey 
Chitto Creek confluence to 0.5 miles upstream of the State Highway 121 bridge south of Hineston, Louisiana, 
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including Whiskey Chitto Creek from its confluence with Calcasieu River to approximately 0.5 mile upstream 
of the Tenmile Creek confluence, and an approximately 25.8 mile portion of Tenmile Creek. During a survey 
effort conducted in 2000, “several” Louisiana Pigtoe were reported from two sites (LNHP 2018, entire). In a 
2019 survey effort, eight Louisiana Pigtoe were recorded at two sites, including two individuals reported from 
a site on Tenmile Creek, a secondary tributary of the Calcasieu River (Kinney 2019, p. 1, 2). The Calcasieu 
River population extends for an estimated 133.8 river miles in Allen, Rapides, and Vernon parishes, 
Louisiana. 

3.A.1.H. Sabine River Population (Sabine River Basin) 

The Sabine River population begins approximately 3 miles upstream of the State Highway 43 bridge in 
Harrison and Rusk counties and continues 86.8 river miles upstream through Gregg, Upshur, Smith, and 
Wood counties, Texas, to approximately one mile downstream of the Farm-to-Market Road 14 bridge south 
of Hawkins, Texas. From 2010 to 2018, 39 live and one recently dead Louisiana Pigtoe were reported from 
12 sites within this population (Ford et al. 2016, p. 27; Randklev 2018, entire). 

3.A.1.I. Bayou Anacoco Population (Sabine River Basin) 

The Bayou Anacoco population, located in Vernon Parish, is comprised of 9.1 river miles located west of 
Rosepine, Louisiana. In 2010, 14 Louisiana Pigtoe were collected from two sites within this population 
(Randklev 2013b, p. 269; LNHP 2018, entire). 

3.A.1.J. Angelina River Population (Neches River Basin) 

The Angelina River population, located in Angelina, Cherokee, and Nacogdoches counties, Texas, begins 
approximately 1.3 miles downstream of the U.S. Highway 59 bridge and extends upstream 53.2 river miles to 
approximately 0.8 miles upstream of Farm-to-Market Road 343. From 2006 to 2019, 18 sites were surveyed 
with 45 live and one recently dead Louisiana Pigtoe observations (Randklev 2018, entire). 

3.A.1.K. Neches River Population (Neches River Basin) 

The Neches River population runs 203.0 river miles through portions of Anderson, Angelina, Cherokee, 
Houston, Jasper, Polk, Trinity, and Tyler counties, Texas. The upper extent of this population is immediately 
downstream of Lake Palestine’s Blackburn Crossing Dam and continues downstream to approximately 0.7 
miles below the U.S. Highway 69 bridge south of Nancy, Texas. From 2006 to 2019, 1,030 live and three 
recently dead Louisiana Pigtoe were recorded at 147 sites within the delineated Neches River population 
(Randklev 2018, entire; Ford et al. 2016, p. 27; Ford et al. 2018, p. 11-12; Bio-West 2019, unpublished data), 
making it the largest known population in terms of number of individuals detected. 

3.A.1.L. Lower Neches River Population (Neches River Basin) 

The Lower Neches River population is comprised of portions of the Neches River below B.A. Steinhagen 
Lake’s Town Bluff Dam, Big Sandy Creek, and Village Creek within Hardin, Jasper, Polk, and Tyler 
counties, Texas. The Big Sandy segment begins at its confluence with Kimball Creek, which then becomes 
Village Creek and continues upstream to approximately 4 miles west of Dallardsville, Texas. The population 
includes Village Creek in its entirety. The Neches River segment of this population starts approximately 0.5 
mile downstream of the confluence with Village Creek and continues upstream for approximately 53 miles. 
The combined length of the Lower Neches River Population is 160.4 river miles. From 2000 to 2019, 169 live 
and eight recently dead Louisiana Pigtoe were collected from 37 sites within this population (Randklev 2018, 
entire; Bio-West 2019, unpublished data). 

In 2019, an additional population (107 individuals) was discovered within the Lower Neches Valley 
Authority canal system near Beaumont, Texas (Bio-West 2021, p. 1; Bio-West 2019, p. 6). As of 
2021, a total of 2,102 individuals, including juveniles and gravid females, were found in the same 
system (Bio-West 2021, p. 3, 4).  The canal system provides an artificial waterway that receives 
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pump-lifted water from the lower Neches River and delivers the water to customers located down 
gradient. Freshwater mussels likely became established in the canal system when one or more 
infected host fish in the Neches River became entrained in the pumps. Portions of the canal system 
are dewatered for maintenance on a five year schedule and age estimates indicate that all individuals 
were no older than four years (Bio-West 2019, p. 6). The canal population occupies artificially 
maintained habitat and may be transient, therefore it was not included as part of the analysis in this 
SSA.  However, this population is an area of ongoing interest and research, and the population may 
prove useful for future conservation of the Louisiana Pigtoe by providing insight into habitat 
conditions that facilitate mussel growth and survival, or as a source of broodstock. 

3.A.1.M. East Fork San Jacinto River Population (San Jacinto River Basin) 

The East Fork San Jacinto River population’s lower extent is approximately 0.9 mile downstream of Farm-to-
Market Road 2090 near Plum Grove in Liberty County, Texas, and continues up the East Fork San Jacinto 
River to its upper extent, located approximately 0.4 mile upstream of the same bridge crossing. The length of 
this population is 1.3 river miles. In 2019, three live Louisiana Pigtoe were recorded at one site within the 
East Fork San Jacinto River population segment (Randklev 2019c, p. 1). 

3.A.2. TEXAS HEELSPLITTER 

The Texas Heelsplitter is endemic to the Neches, Sabine, and Trinity River drainages of east Texas (Howells 
et al. 1997, pg. 22). The type locality specimen was described by Frierson in 1898 from the Sabine River on 
the Texas – Louisiana border near Logansport, Louisiana (Frierson 1898, pg. 109). Within the Neches River 
drainage, the Texas Heelsplitter has been recorded at multiple locations throughout the system below Lake 
Palestine, including areas downstream of B.A. Steinhagen Reservoir (Vidrine 1993, pg.159; Howells et al. 
1996, pg. 96; Howells et al. 1997, pg. 8, 22; Howells 2006, pp. 25-33; Ford et al. 2014, pg. 10; Ford et al. 
2016, p. 22; Randklev 2018, entire; Bio-West 2019, unpublished data) (see Figure 3.2). Within the Sabine 
River drainage, the species has been recorded at several locations throughout the system from Lake Tawakoni 
to below Toledo Bend Reservoir (Vidrine 1993, pg. 159; Howells et al. 1996, pg. 96; Howells 2006 pp. 17-
21, 83; Ford et al.2010, pg. 6; Hollis 2013, pg. 68; Ford et al. 2016, pg. 22; Randklev 2018, entire). Within the 
Trinity River drainage, the species has been recorded at several locations throughout the system, including 
reservoirs, from Lake Lewisville and Lake Grapevine to Lake Livingston (Howells 2006, pg. 42, 48; Bosman 
et al. 2015, pg. 15; Randklev 2018, entire). We assume the historical distribution of the species would have 
included the entirety of the river basins described above where connectivity was not an issue and conditions 
were suitable (see stream segments highlighted black on Figure 3.2)(Note: our estimates of historical range 
include the mainstem and major tributaries within basins, but do not include an often vast network of minor 
tributaries even though these areas may have been occupied by mussels in the past). 
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Figure 3.2. Estimated Texas Heelsplitter current and historical distribution. 
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Current Texas Heelsplitter populations (also referred to as focal areas and labeled “Current Distribution” on 
Figure 3.2 (see stream segments highlighted blue) were determined utilizing the same methodology described 
above for the Louisiana Pigtoe (i.e., by identifying stream reaches with live or recent dead observations since 
the year 2000) with the exception of the inclusion of impoundments. Impoundments with live or recent dead 
observations since 2000 were considered occupied in their entirety (due to a paucity of reservoir survey data). 
No attempt was made to quantify a surrogate parameter for occupied habitat reach length for impoundments. 

Table 3.2. Current known populations of Texas Heelsplitter and estimated length of occupied reach. 

Texas Heelsplitter 
Focal Areas 
River Basin 
(Representation Area) 

State Population (Focal Area) Length of 
Occupied Reach 
(miles) 

Sabine TX/LA Sabine River/Toledo Bend 245.8 
Neches TX Neches R/B.A. Steinhagen 240.9 

TX Lower Neches River 74.2 
Trinity TX Grapevine Lake n/a 

TX Trinity River/Lake Livingston 203.4 

3.A.2.A. Sabine River/Toledo Bend Population (Sabine River Basin) 

The Sabine River/Toledo Bend population includes Toledo Bend Reservoir, Sabine River upstream to Lake 
Tawakoni’s Iron Bridge Dam, and 7.9 river miles of Lake Fork Creek upstream from its confluence with the 
Sabine River. From 2005 to 2019, 82 live and 25 recently dead Texas Heelsplitters were collected at 88 sites 
from this population (Randklev 2018, entire; Ford et al. 2016, p. 27). The Sabine River/Toledo Bend 
population occupies an estimated 245.8 river miles of the Sabine River in De Soto and Sabine Parishes, 
Louisiana, and Gregg, Harrison, Newton, Panola, Rains, Rusk, Sabine, Shelby, Smith, Upshur, Van Zandt, 
and Wood counties, Texas. 

3.A.2.B. Neches River/B.A. Steinhagen Lake Population (Neches River Basin) 

The Neches River/B.A. Steinhagen Lake population includes B.A. Steinhagen Lake, the mainstem Angelina 
River from B.A. Steinhagen Lake to Sam Rayburn Reservoir, and the mainstem of the Neches River upstream 
225.5 river miles to approximately 0.5 miles upstream of the Farm-to-Market 320 bridge southwest of Cuney, 
Texas. The population is located in Anderson, Angelina, Cherokee, Houston, Jasper, Polk, Trinity, and Tyler 
counties, Texas. Surveys of this population from 2005 through 2019 recorded 57 live and 97 recently dead 
Texas Heelsplitter at 41 sites (Randklev 2018, entire). 

3.A.2.C. Lower Neches River Population (Neches River Basin) 

The Lower Neches River population in Hardin, Jasper, and Tyler counties, Texas, extends 74.2 river miles 
downstream from Lake B.A. Steinhagen’s Town Bluff Dam to approximately 4.5 miles downstream of the 
Village Creek confluence. Texas Heelsplitter observations from this population include 382 live and 12 
recently dead individuals collected from 2004 to 2019 at 60 sites (Randklev 2018, entire; Bio-West 2019, 
unpublished data). 

3.A.2.D. Grapevine Lake Population (Trinity River Basin) 

The Grapevine Lake population is contained completely within Grapevine Lake (an impoundment on Denton 
Creek, a tributary of Elm Fork of the Trinity River) in Denton and Tarrant counties, Texas. A sampling effort 
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in 2014 found at least two gravid female Texas Heelsplitter from this population (Randklev 2018, entire). 

3.A.2.E. Trinity River/Lake Livingston Population (Trinity River Basin) 

The Trinity River/Lake Livingston population occupies a total of 203.4 river miles in portions of Anderson, 
Ellis, Freestone, Henderson, Houston, Leon, Madison, Navarro, Polk, San Jacinto, Trinity, and Walker 
counties, Texas. This population includes Lake Livingston, the Trinity River 193.1 river miles upstream to 
Ennis, Texas, and 10.3 river miles of Bedias Creek (a tributary of the Trinity River). From 2005 to 2017, 55 
live and six recently dead Texas Heelsplitter were recorded at 21 sites within the Trinity River/Lake 
Livingston population (Randklev 2018, entire). 

3.B. NEEDS OF THE LOUISIANA PIGTOE AND TEXAS 
HEELSPLITTER 

3.B.1. POPULATION RESILIENCY 

For these species to maintain viability, their populations or some portion thereof must be resilient to 
disturbance from stochastic events that vary in duration and intensity. Stochastic events that have the potential 
to affect mussel populations include 1) high flow events that result in scouring, mobilization of substrates, and 
burial of mussel beds by large amounts of sediment (these events include flash floods following heavy rains, 
bank collapse events, etc.), 2) extended droughts and other dewatering events, 3) changes to water quality, 
including the ongoing or episodic discharge of environmental pollutants or hazardous materials (e.g., oil 
spill), 4) large-scale depredation events (e.g., collection, natural predation), 5) disease outbreaks, and 6) 
changes to basic water chemistry (e.g., high water temperature, episodes of low dissolved oxygen). A number 
of factors influence the resiliency of populations, including occupied stream length, abundance, and 
recruitment. Elements of occupied habitat such as water quality and hydrologic conditions also influence 
resiliency by controlling whether mussel populations can grow to maximize habitat occupancy, thereby 
increasing the resiliency of populations. These factors that affect population resiliency and habitat utilization 
are discussed in greater detail below in the context of how they meet the needs of mussels, how they were 
defined for the purposes of our analysis, and how they were used to evaluate population resiliency. 

POPULATION FACTORS INFLUENCING RESILIENCY 

Occupied Stream Length – Most freshwater mussels, including the Louisiana Pigtoe and Texas Heelsplitter, 
are found in aggregations called mussel beds that vary in size from about 50 to >5000 square meters (m2) and 
are separated by stream reaches in which mussels are absent or rare (Vaughn 2012, p. 2). Strayer recognized 
that “unionid populations in streams are highly patchy, especially on scales of 1 – 100 m” (1999, p. 468). As 
discussed above, we define a mussel population at a larger scale than a single mussel bed; it is the collection 
or series of mussel beds within a stream reach between which infested host fish may travel, allowing for ebbs 
and flows in mussel bed density and abundance over time throughout the population’s occupied reach. 
Therefore, resilient mussel populations must occupy stream reaches long enough such that stochastic events 
that adversely affect individual mussel beds do not eliminate the entire population. In other words, 
repopulation by glochidia-infested fish from other mussel beds within the reach allow the population to 
recover from the temporary loss of individuals due to occasional disruptive events. For our analysis, we 
consider populations extending greater than 50 miles to have a high probability of persistence to stochastic 
events because a single event is unlikely to affect the entire population. Populations occupying reaches 
between 20 and 50 river miles have a moderate probability of persistence to stochastic events, while 
populations occupying reaches less than 20 miles have a low probability of persistence (Table 3.3). We 
consider probability of persistence to be a reflection of species’ resiliency. Note that we define populations 
occupying a stream length at or approaching zero miles as being functionally extirpated or extirpated. 
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Table 3.3. Occupied stream length and corresponding rankings for probabilities of persistence for Louisiana 
Pigtoe and Texas Heelsplitter populations. 

Probability of Persistence 

High Moderate Low 
Functionally 

Extirpated/Extirpated 

Occupied 
Stream Length 

> 50 river miles 20-50 river miles < 20 river miles none 

Abundance – Populations require a minimum number of individuals to ensure stability and persistence. This 
threshold is often referred to as the minimum viable population and is generally calculated through a 
population viability analysis that estimates extinction risk given a number of input variables. There are no 
published minimum viable population estimates for the Louisiana Pigtoe or Texas Heelsplitter; therefore, it is 
unknown how many individuals are required to sustain populations of these mussels. However, population 
health is dependent on species abundance as well as water availability and the ability for mussels to meet life 
history needs within their habitats, which can be assessed and was evaluated as part of this report. 

It is important to recognize that Louisiana Pigtoe observations used to determine abundance in this report may 
include misidentified individuals. Inoue (2018, p. 1) has suggested that without genetic confirmation, 
identification of Louisiana Pigtoe in the field based on shell morphology is questionable, with seasoned 
experts accurately identifying the species only 76% of the time. Unfortunately, genetic testing was not 
available for the majority of reported Louisiana Pigtoe historical observations, which relied solely on shell 
morphological characteristics for species identification (Randklev 2018, entire). Since there is no way to 
know the margin of error or to otherwise account for potential misidentifications, we determined abundance 
based on reported observations (as is). We do not consider misidentification to be an issue for Texas 
Heelsplitter observations, since they are recognizable based on morphological characteristics observed in the 
field and not easily confused with other species. 

Mussel abundance in a given stream reach is a product of the number of mussel beds and the density of 
mussels within those beds. For populations of Louisiana Pigtoe and Texas Heelsplitter to be healthy (i.e., 
resilient), mussel beds of sufficient number and density must be present to allow recovery from natural and 
local stochastic events, allowing the mussel bed to persist and the overall local population to survive within a 
stream reach. Mussel abundance is indicated by the number of individuals found during a sample event. 
Mussel surveys are rarely a complete census of the population, but density can be estimated by the number of 
individuals found during a survey effort using various statistical techniques (i.e., estimate the total population 
from a subset of surveyed individuals). Population estimates are not available for all Louisiana Pigtoe and 
Texas Heelsplitter populations, and techniques for available surveys are not always directly comparable (i.e., 
same area size searched, similar search time, etc.). When available, we used the number of individuals 
captured relative to the amount of time surveys were conducted to estimate population abundance, hereafter 
referred to as overall catch per unit effort (CPUE). Although overall CPUE was the preferred metric to 
estimate population abundance, when overall CPUE was not available, the number of individuals detected 
during the most recent comprehensive survey effort was used as a surrogate metric. Abundance was 
calculated per the following guidelines, 1) Overall CPUE, for each population was calculated by adding the 
total number of live individuals detected during surveys since 2000 divided by total survey effort (time 
searched in person-hours), 2) Negative surveys (i.e., where no Louisiana Pigtoe or Texas Heelsplitter were 
found) were not available in our dataset or considered in the calculations, nor were surveys that did not report 
effort (e.g., person-hours searched), and 3) individuals detected per survey were used to calculate abundance 
for populations where CPUE data were not available. For sites with survey data spanning several years, 
abundance was based on the number of individuals detected during the most recent year’s comprehensive 
survey effort. 
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For example, since the year 2000, mussel surveys with Texas Heelsplitter detections had been performed at 
88 sites within the Sabine River/Todelo Bend population of Texas Heelsplitter (Randklev 2018, entire). 
Eighteen of those 88 survey sites reported effort in time spent searching (person-hours). The total number of 
live Texas Heelsplitter observed during those 18 surveys was 25 individuals, and a total of 170.51 person-
hours were spent searching. Overall CPUE was then calculated by dividing the sum of live individuals (25) by 
the sum of time spent searching (170.51 person-hours) for a value of 0.15 live Texas Heelsplitter per person-
hour searched. The 0.15 value, when compared to our definitions for abundance, falls within an overall CPUE 
of < 0.5, so the population is rated as functionally extirpated/extirpated with an estimated probability of 
persistence of less than 10% (Table 3.4). However, if no survey effort (i.e., time expended) had been reported 
from any of the surveys within the Sabine River/Toledo Bend population of Texas Heelsplitter since 2000, 
overall abundance would be based on the most recent year’s comprehensive survey effort. In this case, 32 live 
Texas Heelsplitter were observed at 17 sites during the 2012 survey season (most recent comprehensive 
survey), which corresponds to our definition of moderate abundance (i.e., from ≤25 to <100 individuals) with 
an estimated probability of persistence of between 60% to 90%.  Since information on survey effort was 
available and we consider CPUE to be a more accurate assessment of abundance, we used CPUE to rate 
abundance for this population. 

Calculation of abundance in this manner is intended to be an estimate and is considered the best available 
information when population trend data do not exist and precise population abundance cannot be determined. 
Using these methods, we are able to estimate if the species is currently (since year 2000) common or rare 
within populations. Table 3.4 displays how estimates of relative abundance for each species were defined and 
used to rank the probability of persistence for populations from high to functionally extirpated/extirpated. 

Table 3.4. Population abundance and corresponding rankings for probability of persistence for Louisiana 
Pigtoe and Texas Heelsplitter populations. Catch per unit effort (CPUE) refers to the overall number of 
mussels observed per person-hour searched during surveys performed within a population since the year 
2000. 

Probability of 
Persistence 

High Moderate Low Functionally 
Extirpated/Extirpated 

Population 
Abundance 

Overall CPUE ≥ 
4.0 

(or ≥ 100 
individuals found 

per population 
survey) 

Overall CPUE 
≥ 2.0 and < 4.0 

(or ≥ 25 and 
<100 individuals 

found per 
population 

survey) 

Overall CPUE 
≥ 0.5 and < 2.0 
(or ≥ 3 and < 
25 individuals 

found per 
population 

survey) 

Overall CPUE < 0.5 
(or < 3 individuals 

found per population 
survey) 

Reproduction/Recruitment – Resilient Louisiana Pigtoe and Texas Heelsplitter populations must also be 
reproducing and recruiting young individuals into the population to replace individuals lost to old age, 
disease, or predation. Population size and abundance are a reflection of habitat conditions, environmental 
stressors, and other past influences on the population. The ability of populations to successfully reproduce and 
recruit will determine if a population may be stable, increasing, or decreasing over time. For example, a large, 
dense mussel population that contains mostly old individuals is not likely to remain large and dense into the 
future if there are few young individuals to sustain the population over time (i.e., death rates exceed birth rates 
resulting in negative population growth). Conversely, a population that is less dense but has many young 
and/or gravid individuals is likely to grow, becoming more densely populated in the future (i.e., birth rates, 
and subsequent recruitment of reproductive adults, exceed death rates resulting in positive population 
growth). Detection rates of very young juvenile mussels during routine abundance and distribution surveys 
are extremely low due to sampling bias because sampling involves tactile searches and mussels < 35 mm can 
be difficult to detect (Strayer and Smith 2003, pp. 47-48). For this evaluation, we concluded there was 
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evidence of reproduction/recruitment for a population when surveys detected small-sized individuals (near the 
low end of the detectable range or approximately 35 mm in size) since the year 2000 or gravid females (eggs 
and/or glochidia visible) were observed during the reproductively active time of year (Table 3.5). Sites 
lacking survey information specific to the presence of gravid females or juveniles due to inadequate effort 
default to a ranking of low in Table 3.5. 

Table 3.5. Reproduction/recruitment and corresponding rankings for probability of persistence for 
populations of Louisiana Pigtoe and Texas Heelsplitter. 

Probability of 
Persistence 

High Moderate Low Functionally 
Extirpated/ 
Extirpated 

Reproduction/ 
Recruitment 

50% or more sites 
with juveniles (< 
35mm) or gravid 
females present 
during breeding 

season. Fish host(s) 
present. 

25-50% of sites inhabited by 
juveniles (< 35mm) and or 

gravid females present during 
breeding season. Fish host(s) 

present in moderate abundance. 

< 25% of sites 
inhabited by 
juveniles (< 

35mm) or gravid 
females present 
during breeding 

season. Fish 
host(s) present in 

low numbers 
and/or ability to 

disperse is 
reduced. 

No gravid or 
juvenile 

individuals 
present 

HABITAT FACTORS INFLUENCING RESILIENCY 

Habitat Structure/Substrate – Suitable habitat structure and substrates vary among species of freshwater 
mussels, including between the Louisiana Pigtoe and Texas Heelsplitter. Most mussel species need stable 
substrate in which to anchor. The Louisiana Pigtoe occurs primarily in stream segments composed of riffle 
and run habitats where suitable substrates are present. Typical substrates utilized by the Louisiana Pigtoe 
include gravel, sand, and cobble, but the species has also been observed in fine substrates including silt. 
Sedimentation can negatively impact Louisiana Pigtoe populations by burying individuals and degrading 
anchoring habitat. The Texas Heelsplitter occurs in river systems and lentic waters (lakes or other non-
flowing systems) primarily in pools and backwater habitats. Substrates providing adequate anchoring habitat 
for the Texas Heelsplitter include mud, sand, and silt. Sedimentation can also negatively impact Texas 
Heelsplitter populations by burying individuals. The habitat structure and substrate needs of both species are 
displayed in Table 3.6. 
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Table 3.6. Habitat structure and substrate conditions and corresponding rankings for probability of 
persistence for populations of Louisiana Pigtoe and Texas Heelsplitter. 

Probability of 
Persistence 

High Moderate Low Functionally 
Extirpated/ 
Extirpated 

Habitat 
Structure/Substrate 

for Louisiana 
Pigtoe 

Riffle and run 
habitat common. 

Substrates are 
stable and 

sufficient to 
provide anchoring 

habitat. Low 
levels of 

sedimentation on 
substrate. 

Riffle and run habitat 
uncommon. Substrates 
are mostly stable and 
sufficient to provide 

anchoring habitat with 
some mobilization of 

particles and light 
sedimentation on 

substrate. 

Riffle and run 
habitat rare or 

absent; 
substrates are 

mostly unstable; 
habitat eroded, 
or being buried 
by mobilized 

sediments from 
upstream. 

No suitable 
habitat 
present 

Habitat 
Structure/Substrate 

for Texas 
Heelsplitter 

Pool and 
backwater habitats 
common. Stable 

mud, sand, and silt 
substrates 

sufficient to 
provide anchoring 

habitat. Low 
levels of 

sedimentation on 
substrate. 

Pool and backwater 
habitats uncommon. 
Mud, sand, and silt 

substrates mostly stable 
and sufficient to provide 
anchoring habitat with 
some mobilization of 

particles and light 
sedimentation on 

substrate. 

Pool and 
backwater 

habitat absent; 
substrates 

mostly unstable, 
habitat eroded, 
or being buried 
by mobilized 

sediments from 
upstream. 

No suitable 
habitat 
present 

Hydrological Regime – Freshwater mussels need water for survival. Some species are more resilient to low-
velocity water than others and inhabit lentic waters (lakes or other non-flowing systems) including the Texas 
Heelsplitter. Neither Louisiana Pigtoe nor Texas Heelsplitter are able to persist in or tolerate areas that are 
regularly dewatered. High stream flows can degrade mussel habitat by producing shear stress capable of 
dislodging mussels and scouring stream bed substrates. Low stream flows can reduce the amount of anchoring 
habitat and negatively influence water quality parameters necessary for freshwater mussel persistence. Both 
high and low flows can also influence the presence or absence of host fish. The hydrological needs of both 
mussel species are displayed in Table 3.7. 
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Table 3.7. Hydrological regimes and corresponding rankings for probability of persistence for populations of 
Louisiana Pigtoe and Texas Heelsplitter. 

Probability of 
Persistence 

High Moderate Low Functionally 
Extirpated/ 
Extirpated 

Hydrological 
Needs of 

Louisiana Pigtoe 

Flowing water 
present year-

round. No 
recorded periods 

of zero flow days, 
even during 

droughts. High 
flows and shear 
stress capable of 

causing bed 
movement or 
dislocation of 

mussels minimally 
impacts population 

(or habitat). 

Flowing 
water present 
year-round 

(no zero flow 
days). High 
flows and 

shear stress 
capable of 

causing bed 
movement or 
dislocation of 

mussels 
moderately 

impacts 
population 
(or habitat). 

Flowing water is not 
present year-round. 
River may become 

isolated pools or dry 
river bed seasonally. 
Zero flow days occur 

and riffles become 
dry. High flows and 
shear stress capable 

of causing bed 
movement or 
dislocation of 

mussels significantly 
impacts population 

(or habitat). 

Dry stream bed or 
zero flow days 

occur often enough 
to preclude 

survival. Substrates 
are mostly 

unstable; high 
flows and shear 

stress are routinely 
capable of causing 
bed movement or 

dislocation of 
mussels (i.e., 

occurs frequently), 
resulting in 

unsuitable habitat 
for mussels. 

Hydrological Slow to moderate Slow to Slow to moderate Dry stream bed or 
Regime of Texas flowing water moderate flowing water is not zero flow days 

Heelsplitter present year-
round. No 

recorded periods 
of zero flow days, 

even during 
droughts. 

Extremely high, 
low, and/or erratic 

(e.g. significant 
fluctuations in 

flow over a short 
time) flows are 

rare. Little 
fluctuation of 
water levels in 

occupied 
reservoirs. 

flowing 
water present 
year-round 

(no zero flow 
days), 

however, 
extremely 
high, low, 

and/or erratic 
flows occur 
infrequently. 

Moderate 
fluctuation of 
water levels 
in occupied 
reservoirs. 

present year-round. 
River may become 

isolated pools or dry 
river bed seasonally. 
Zero flow days occur 

and riffles become 
dry. Extremely high, 
low, and/or erratic 
flows are routine. 

High fluctuation of 
water levels in 

occupied reservoirs. 

occur often enough 
to preclude 

survival. Extremely 
high, low, and/or 
erratic flows are 

frequent, resulting 
in unsuitable 

habitat for mussels. 
Large magnitude 

reservoir 
drawdowns occur 

frequently. 

Water Quality – Freshwater mussels, as a group, are very sensitive to changes in water quality, including 
parameters such as temperature, dissolved oxygen, salinity, ammonia, pH and a variety of environmental 
pollutants. Habitats with natural, high quality water that is free of pollutants and contains appropriate levels of 
necessary parameters are considered suitable, while habitats with levels outside of the appropriate range for 
mussels are considered unsuitable or degraded habitat. Basic water quality conditions for the Louisiana Pigtoe 
and Texas Heelsplitter as they relate to our estimates of probability of persistence are displayed in Table 3.8. 
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Table 3.8. Water quality conditions and corresponding rankings for probability of persistence for populations 
of Louisiana Pigtoe and Texas Heelsplitter. 

Probability of 
Persistence 

High Moderate Low Functionally 
Extirpated/Extirpated 

Water Quality 
Overall WQ is 

good or 
excellent.  No 

known 
contaminants, 

dissolved 
oxygen 

sufficient, and 
no thermal 
extremes 

documented. 
Total dissolved 

solids (TDS) 
stable or 

decreasing. 

Overall WQ is 
good to fair. 

Contaminants 
known, moderate 
to low dissolved 

oxygen, and 
occasional 

temperature 
extremes 

documented. Not 
believed to be at 

levels that threaten 
mussel survival. 
TDS stable or 

slightly increasing. 

Overall WQ is fair 
to poor. 

Contaminants 
known, low 

dissolved oxygen, 
and temperature 

extremes 
documented. TDS 
increasing. Levels 

sufficient to threaten 
mussel survival. 

Overall WQ is limiting 
for aquatic life. Water 

quality degraded 
enough to preclude 
mussel habitation. 

3.B.2. SPECIES REPRESENTATION 

Maintaining species representation in the form of genetic and ecological diversity is important in safeguarding 
the ability of Louisiana Pigtoe and Texas Heelsplitter populations to adapt to future environmental changes. 
Mussel species like the Louisiana Pigtoe and Texas Heelsplitter need to retain populations throughout their 
range to maintain their overall potential, both genetically and ecologically (i.e., across habitats with varying 
capacity to meet life history attributes), to appropriately buffer the species against stochastic events and 
maintain their ability to respond to environmental changes over time (Jones et al. 2006, p. 531). The genetic 
diversity of populations of Louisiana Pigtoe and Texas Heelsplitter is unknown, although both species may 
have lost genetic diversity as populations have contracted over time or been reduced or extirpated by human 
activities. As such, maintaining the remaining representation in the form of genetic and ecological diversity 
will be important to preserving the capacity of these populations to adapt to future environmental change. 

The major river basins within the historical distribution of the Louisiana Pigtoe described in section 3.A.1. 
span across multiple states and ecoregions, including Blackland Prairie, East Central Plains, and South 
Central Plains in Texas, the Ouachita Mountains of Oklahoma and Arkansas, and the Rolling and Coastal 
Plains of Mississippi. The major river basins within the historical distribution of the Texas Heelsplitter 
described in section 3.A.2. span multiple ecoregions in Texas, including Cross Timbers, Blackland Prairie, 
East Central Plains, and South Central Plains. Maintaining this ecological and spatial diversity in the future 
will be important to preserve representation for both species. For our analysis, we considered each river basin 
to be a separate representation area (see Tables 3.1 and 3.2). 

3.B.3. SPECIES REDUNDANCY 

Both the Louisiana Pigtoe and Texas Heelsplitter need multiple resilient populations distributed throughout 
their range to provide adequate redundancy. The more populations that exist, particularly densely populated 
populations, and the wider the distribution of those populations, the more redundancy the species will exhibit. 
Redundancy reduces the risk that a large portion of the species’ range will be negatively affected by a single 
catastrophic natural or anthropogenic-induced event at any given point in time. Species that are well-
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distributed across their historical range are considered less susceptible to extinction and more likely to remain 
viable compared to species that are confined to a small portion of their historical range (Carroll et al. 2010, 
entire; Redford et al. 2011, entire). Historically, populations of both mussel species were hydrologically 
connected by fish migration within each river basin including their tributaries. Impoundments and other 
barriers to fish movement, such as river reaches with unsuitable water quality (e.g., high salinity or 
temperature), effectively isolate populations from one another, making repopulation of extirpated locations 
from nearby populations unlikely without human intervention (i.e., active restocking). 
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CHAPTER 4 - CURRENT CONDITION OF LOUISIANA PIGTOE AND TEXAS 
HEELSPLITTER 

This assessment defines a mussel population as a stream reach that is occupied by a collection of mussel beds 
through which host fish infested with glochidia may travel freely, allowing for dispersal of juveniles among 
and within mussel beds. This chapter discusses the current condition of Louisiana Pigtoe and Texas 
Heelsplitter populations for each species and evaluates the resiliency of those populations. 

4.A. METHODOLOGY FOR POPULATION RESILIENCY ASSESSMENT 
To evaluate the current condition for each species and each population, we developed and assigned condition 
categories for three population factors (Occupied Stream Length, Abundance, Reproduction/Recruitment) and 
three habitat factors (Habitat Structure/Substrate, Hydrological Regime, and Water Quality); see “Chapter 
3.B. Needs of the Louisiana Pigtoe and Texas Heelsplitter.” Occupied stream length was calculated for 
populations of both species using ArcGIS by summing the contiguous stream miles between locations known 
to be occupied since 2000 (based on available survey data). Scoring of the six factors was based solely on 
conditions within the populations as delineated by the contiguous occupied reaches shown in Figures 3.1 and 
3.2. All six factors were scored by U.S. Fish and Wildlife Service and state wildlife agency biologists based 
on consensus using a combination of available empirical data and expert opinion.  Empirical data (e.g. survey 
results) included information that was available from our files, directly provided to our office by other 
agencies and academia, and obtained from agency websites or online reports. 

For each population, categories were assigned a numerical value: “3” for healthy (high condition), “2” for 
moderately healthy (moderate condition), “1” for unhealthy (low condition), and “0” for extirpated or 
functionally extirpated. Six categories were scored for stream (lotic) populations, while five categories were 
scored for the Grapevine Lake (lentic) population of Texas Heelsplitter (for which Occupied Stream Length 
did not apply). Values for population and habitat factors were averaged (i.e., scores for all six categories were 
summed and divided by six for lotic populations, and scores for five categories were summed and divided by 
five for the lentic population of Texas Heelsplitter), resulting in an overall condition value that was then 
compared back to the individual category value for population abundance. This comparison was necessary to 
ensure that the overall condition value did not exceed the population abundance value (i.e., overall population 
condition was capped at the population abundance condition value) because we consider abundance to be the 
most direct measure of the health and status of the species and therefore the best available information. For 
example, measures like water quality and hydrology might rank high, indicating high quality habitat, but that 
does not necessarily indicate the presence of the species, only the presence of suitable habitat. Capping by 
abundance ensures overall scoring is based on species-specific information. Of 18 focal areas we evaluated 
for both species, capping overall condition by abundance resulted in a lower condition for 11 populations 
(indicated by ** footnote on Tables 4.3 and 4.5).  The resulting overall current condition value and category 
for each population is both a qualitative and quantitative estimate based on the analysis of the three population 
factors and three habitat factors. Table 4.1 displays our presumed probability of persistence and probability of 
extirpation over 20 years (approximate time needed for at least three to five generations of each species) for 
populations that fall into one of four current condition categories. For example, for our analysis we assumed 
that a mussel population rated as having a high overall current condition would have less than a 10% 
probability of becoming extirpated or functionally extirpated over 20 years into the future. 

Louisiana Pigtoe & Texas Heelsplitter SSA Report 32 February 2022 



      

  
  

 

 
 

   
 

 

 
 

 
 

 

 
 

  

 
 

  

 
 

 

 

 
 

 
 

 

 
 

  

 
 

  

 
 

 

Table 4.1. Presumed probabilities of persistence and extirpation for each overall current condition category 
over 20 years. 

Likelihood of 
Persistence: 

High Moderate Low Extirpated/Functionally 
Extirpated 

Range of Presumed 
Probability of Persistence 
over 
~20 years 

>90% 60 – 90% 10 – 60% < 10% 

Range of Presumed 
Probability of Extirpation 
over 
~20 years 

<10% 10 – 40% 40 – 90% > 90% 
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4.B. LOUISIANA PIGTOE 

4.B.1. CURRENT CONDITIONS 

Based on our analysis, the total combined stream length currently occupied by the 13 remaining Louisiana Pigtoe 
populations described in Chapter 3 is 1,142 river miles, which is approximately 17% of the presumed historical range 
for the species (6,775 river miles). The presumed historical range was calculated by adding the combined stream length 
of the mainstem and major tributaries for all river basins with records for the species, but did not include minor 
tributaries with no records even though these areas may have been occupied at one time. Although a precise historical 
range for the species is unknown, and occupied areas would likely fluctuate naturally over time due to a variety of 
environmental conditions, assuming only the mainstem and major tributaries were occupied, this would represent an 
83% reduction to the range of the species. 

To summarize the overall current conditions of Louisiana Pigtoe populations, we assigned each population to one of 
four condition categories (high, moderate, low, or extirpated/functionally extirpated) based on an evaluation of the six 
population and habitat factors discussed in Chapter 3. Table 4.2 provides the definitions we used to assign conditions 
for the six factors. It is important to note that although the definitions were developed by our team based on the best 
available science and were vetted by experts in the field of malacology, they are intended for the sole purpose of 
meeting the objectives of this SSA and should not be viewed as standards that are applicable for other purposes. 

Table 4.3 presents the condition we assigned for all six factors as well as the overall condition for each of the 13 
remaining Louisiana Pigtoe populations. The overall condition of each population is also displayed graphically within a 
map of the historical range of the species in Figure 4.1. To evaluate the overall condition for each population, Appendix 
B, Table B.1 was developed. Within Table B.1, the cause and effects of stressors for each factor were considered 
through a combination of literature pertinent to specific factors and the elicitation of subject matter experts within the 
SSA working group. 
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Table 4.2. Definitions for population and habitat characteristics used to assign the current condition of Louisiana Pigtoe populations (see Table 4.3). 

Population Factors Habitat Factors 

Condition 

Occupied 
Habitat 
(stream 

Abundance Reproduction/ 
Recruitment 

Habitat 
Structure/
Substrate Hydrology Water Quality 

length) 

High 

> 50 river miles Catch per unit effort 
(CPUE) ≥ 4.0 

*(or ≥ 100 
individuals found per 
population survey) 

50% or more sites with 
juveniles (< 35mm) and 
gravid females present 
during breeding season. 
Fish hosts present (i.e., 
not limiting). 

Riffle and run habitat 
common. Substrates are 
stable and sufficient to 
provide lodging. Low 
levels of sedimentation 
on substrate. 

Flowing water present year-round. No 
recorded periods of zero flow days, even 
during droughts. High flows and shear 
stress capable of causing bed movement or 
dislocation of mussels minimally impacts 
population (or habitat). 

Overall WQ is good or 
excellent.  No known 
contaminants, dissolved 
oxygen sufficient, and no 
thermal extremes 
documented. Pollutants 
indicative of anthropogenic 
degradation, such as total 
dissolved solids (TDS), are 
stable or decreasing. 

Moderate 

20–50 
river miles 

4.0 > CPUE ≥ 2.0 

*(or ≥ 25 and 
<100 individuals 
found per 
population 
survey) 

25-50% of sites inhabited 
by juveniles (< 35mm) and 
gravid females present 
during breeding season. 
Fish hosts present in 
moderate abundance. 

Riffle and run habitat 
uncommon. Substrates 
are mostly stable and 
sufficient to provide 
lodging with some 
mobilization of 
particles and light 
sedimentation on 
substrate. 

Flowing water present year-round (no zero 
flow days). High flows and shear stress 
capable of causing bed movement or 
dislocation of mussels moderately impacts 
population (or habitat). 

Overall WQ is fair. 
Contaminants known; low 
dissolved oxygen, and 
temperature extremes 
documented. Not believed 
to be at levels that threaten 
mussel survival.  TDS 
stable or slightly 
increasing. 

Low 

< 20 river miles 
2.0 > CPUE ≥ 0.5 

*(or ≥ 3 and < 25 
individuals found 
per population 
survey) 

< 25% of sites inhabited by 
juveniles (< 35mm) and 
gravid females present 
during breeding season. 
Fish host present in low 
numbers and/or ability to 
disperse is reduced. 

Riffle and run habitat 
rare or absent; 
Substrates are mostly 
unstable; habitat eroded 
or being buried by 
mobilized sediments 
from upstream. 

Flowing water is not present year-round. 
River may become isolated pools or dry 
river bed seasonally. Zero flow days occur 
and riffles become dry. High flows and 
shear stress capable of causing bed 
movement or dislocation of mussels 
significantly impacts population (or 
habitat). 

Overall WQ is poor. 
Contaminants known; low 
dissolved oxygen, and 
temperature extremes 
documented. TDS increasing. 
Pollutant levels sufficient to 
threaten mussel survival. 

Extirpated/ 
Functionally 
Extirpated 

none CPUE < 0.5 

*(or < 3 individuals 
found per 
population survey) 

No gravid or juvenile 
individuals present 

No suitable habitat 
present. 

Dry stream bed or zero flow days occur 
often enough to preclude survival. 
Substrates are mostly unstable; high flows 
and shear stress are routinely capable of 
causing bed movement or dislocation of 
mussels (i.e., occurs frequently), resulting 
in unsuitable habitat for mussels. 

Overall WQ is limiting for 
aquatic life. Water quality 
degraded enough to preclude 
mussel habitation. 

*the number of individuals found per most recent comprehensive population survey were used to rank Abundance when CPUE information was not available. 
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 Table 4.3. The estimated current condition of known Louisiana Pigtoe populations*; where high condition = 3 (green box), moderate condition = 2 
(yellow box), low condition = 1 (red box), and extirpated/functionally extirpated = 0 (grey box). 

Population Factors Habitat Factors 
Overall 

Condition 
(Viability) River 

Basin 
Population Occupied 

Habitat 
Abundance Reproduction/ 

Recruitment 

Habitat 
Structure/ 
Substrate 

Hydrology Water 
Quality 

Red 

Little River/Rolling Fork 3 2 3 2 2 2 2 

Cossatot River 2 3 3 3 2 2 3 

Saline River 2 2 1 1 2 2 2 

Lower Little River 1 0 1 1 1 1 0** 

Big Cypress Big Cypress Bayou 2 2 1 2 2 2 2 

Calcasieu-
Mermentau 

Calcasieu River 3 1 1 3 2 2 1** 

Pearl Pearl River 3 1 1 2 2 2 1** 

Sabine 
Sabine River 3 0 1 3 2 2 0** 

Bayou Anacoco 1 2 1 3 2 2 2 

Neches 

Angelina River 3 1 1 3 3 2 1** 

Neches River 3 3 2 3 3 2 3 

Lower Neches River 3 1 2 3 2 2 1** 

San Jacinto East Fork San Jacinto River 1 1 1 1 2 2 1 

*See Appendix B, Table B.1 for supporting information used to score population and habitat factors. 

**Indicates focal areas where overall condition was capped by abundance (i.e., scored lower). 
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Figure 4.1. Location and estimated current condition of 13 remaining populations of louisiana pigtoe within 
the historical range of the species. 
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4.B.2. CURRENT POPULATION RESILIENCY 

Resiliency describes the ability of a species to withstand stochastic disturbance. Resiliency is positively related 
to population size and growth rate and may be influenced by connectivity among populations. Generally 
speaking, populations need abundant individuals within habitat patches of adequate area and quality to 
maintain survival and reproduction in spite of natural and anthropogenic disturbance. Resilient populations 
have the ability to rebound from events that cause mortality or otherwise temporarily reduce fecundity to 
restore the overall population back to pre-disturbance levels within a relatively short amount of time (e.g., 2-5 
years, depending on the magnitude of the event). Based on our analysis, the Louisiana Pigtoe currently persists 
as 13 populations across five states and within portions of seven separate river basins (Big Cypress-Sulphur, 
Calcasieu-Mermentau, Neches, Pearl, Red, Sabine, and San Jacinto; Chapter 3). The predicted resiliency for 
populations is equal to the estimated current condition (e.g., high current condition = high resiliency). 

Within the Big Cypress-Sulphur River basin in northeast Texas, Louisiana Pigtoe currently occupy portions of 
Big Cypress Bayou, a drainage that extends approximately 150 miles. The Big Cypress Bayou population 
occupies approximately 32 miles of river at the confluence of Big Cypress Bayou and Little Cypress Bayou 
located between Lake O’ the Pines and Caddo Lake. Based on our analysis as defined by our estimates, the 
current condition evaluation for this population determined that occupied habitat reach length, abundance, 
habitat structure/substrate, hydrology, and water quality were in moderate condition (Tables 4.2 and 4.3). 
Reproduction/recruitment was determined to be in low condition due to a lack of reported juveniles or gravid 
females (Randklev 2018, entire). This single population is estimated to have a moderate overall current 
condition and, therefore, moderate resiliency (Table 4.3). 

Louisiana’s Calcasieu-Mermentau River basin has a single population on hydrologically connected portions of 
the mainstem Calcasieu River, Whiskey Chitto and Tenmile creeks. Louisiana Pigtoe are currently known to 
occur along an approximately 134 mile section of these streams in Allen, Rapides, and Vernon parishes. The 
current condition evaluation for this population determined that occupied habitat reach length and habitat 
structure/substrate were in high condition while hydrology and water quality were in moderate condition 
(Tables 4.2 and 4.3). Based on our analysis as defined by our estimates, abundance and 
reproduction/recruitment were found to be in low condition, primarily due to the low number and distribution 
of surveys performed within the Calcasieu River basin and resulting lack of data (LNHP 2018, entire; Kinney 
2019, entire). Based on our analysis as defined by our estimates, this population has a low overall current 
condition, which corresponds to low resiliency. 

The Neches River basin in Texas has three populations of Louisiana Pigtoe, one each in the Angelina, Neches 
(above B.A. Steinhagen reservoir), and Lower Neches rivers (below B.A. Steinhagen). These three populations 
combined encompass over 400 miles of river in a basin that many experts believe contains some of the best 
remaining habitat for freshwater mussels in Texas. The Neches River and Lower Neches River populations are 
hydrologically isolated from each other by an impoundment that forms B.A. Steinhagen Lake known as Town 
Bluff Dam, while the Angelina River population is isolated from the Neches River population by Sam Rayburn 
Dam and Reservoir. The Angelina River population current condition evaluation (Tables 4.2 and 4.3) found 
that occupied habitat reach length, habitat structure/substrate, and hydrology were high condition; water quality 
was in moderate condition; and abundance and reproduction/recruitment were in low condition, due to low 
CPUE and lack of juvenile or gravid female presence data, respectively (Randklev 2018, entire; Bio-West 
2019, unpublished data). The Neches River population current condition evaluation determined that occupied 
reach habitat length, abundance, habitat structure/substrate, and hydrology were in high condition, while 
reproduction/recruitment and water quality were in moderate condition. No population or habitat current 
condition factors were determined to be low for the Neches River population. Based on our analysis as defined 
by our estimates, the Lower Neches River population current condition evaluation found occupied habitat reach 
length and habitat structure/substrate in high condition while reproduction/recruitment, hydrology, and water 
quality were moderate condition. The Lower Neches River population abundance was in low condition due to 
low CPUE (Randklev 2018, entire, Bio-West 2019, unpublished data). The Angelina River and Lower Neches 

Louisiana Pigtoe & Texas Heelsplitter SSA Report 38 February 2022 



      

   
     

 
     

      
     

   
 

   
   

    
  

 
    

   
 

 
 

     
     

 
  

 
    

     
   

       
  

    
 

 
 

  

  
  

   
   

    
  

     
 

  
 

  
   

   
     

  
  

River populations have a low overall current condition, and the Neches River population has a high overall 
current condition; resiliency for these populations is low, low, and high, respectively. 

The Pearl River basin in Louisiana and Mississippi has a single population of Louisiana Pigtoe within the 
mainstem Pearl River that extends approximately 150 miles below Ross Barnett Dam near Jackson MS to 
Picayune MS (upstream of Interstate 59). A new impoundment proposed by the Rankin-Hinds Pearl River 
Flood and Drainage Control District 9 miles downstream of Ross Barnett Reservoir intended for flood control 
is still under review. The current condition evaluation for the Pearl River population determined that occupied 
habitat reach length was in high condition; habitat structure/substrate, hydrology, and water quality were in 
moderate condition; and abundance and reproduction/recruitment were in low condition due to the few 
individuals observed and lack of juvenile or gravid female presence (Johnson et al. 2019, p.11). The Pearl 
River population has an estimated overall low current condition and low resiliency. 

The Red River basin contains four distinct populations, all within the Little River drainage in Arkansas and 
Oklahoma, including populations in the Cossatot River, Little River/Rolling Fork, Lower Little River, and 
Saline River. Millwood Lake, located in southwest Arkansas, hydrologically separates the Cossatot River, 
Saline River, Little River/Rolling Fork, and Lower Little River populations from one another. The Cossatot 
River population current conditions evaluation found that abundance, reproduction/recruitment, and habitat 
structure/substrate were in high condition; occupied habitat reach length, hydrology, and water quality were in 
moderate condition; and no habitat or population factors were determined to be in low condition (Tables 4.2 
and 4.3). The Little River/Rolling Fork population current condition evaluation determined occupied habitat 
reach length and reproduction/recruitment were high condition. All other population and habitat factors were in 
moderate condition. The Saline River population current condition evaluation found occupied habitat reach 
length, abundance, hydrology, and water quality in moderate condition while reproduction/recruitment and 
habitat structure/substrate were in low condition. The Lower Little River population current conditions 
evaluation determined that all population and habitat factors were in low condition except abundance, which 
was functionally extirpated/extirpated due low numbers of individuals observed in this focal area (AGFC 2018, 
entire). In summary, the Cossatot River population has a high overall current condition, the Little River/Rolling 
Fork and Saline River populations have a moderate overall current condition, and the Lower Little River 
population is considered functionally extirpated/extirpated. 

There are two known Sabine River populations, one located along 85 miles of river between State Highway 14 
near Hawkins, Texas downstream to above the State Highway 43 crossing near Tatum, Texas, and a second 
population within a 9 mile segment of Bayou Anacoco in Louisiana. These populations are hydrologically 
separated by Toledo Bend Dam and Reservoir. The Sabine River population current condition evaluation 
determined that occupied habitat reach length and habitat structure/substrate were high condition; hydrology 
and water quality were moderate condition; and reproduction/recruitment in low condition. However, 
abundance was functionally extirpated/extirpated due to low reported CPUE (Randklev 2018, entire). The 
Bayou Anacoco population current conditions evaluation found habitat structure/substrate was high condition; 
abundance, hydrology, and water quality were in moderate condition; and occupied habitat reach length and 
reproduction/recruitment were low condition due to the distribution of observed individuals and lack of 
reported juveniles or gravid females (Randklev 2018, entire). The Sabine River population is considered 
functionally extirpated/extirpated due to the very low number of individual mussels found during recent 
surveys, and therefore has little to no resiliency. The Bayou Anacoco population is in moderate current overall 
condition and has moderate resiliency. 

The East Fork San Jacinto River population located, near Plum Grove, Texas, occupies a 1.3 mile segment of 
stream. The population current condition evaluation found hydrology and water quality were moderate 
condition while the other population and habitat factors were low condition (Tables 4.2 and 4.3). The East Fork 
San Jacinto River population was determined to be in overall low condition due to the limited number of 
individuals found. This population was estimated to have low resiliency. 
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4.B.3. CURRENT SPECIES REPRESENTATION 

Representation describes the ability of a species to adapt to changing environmental conditions over time. It is 
characterized by the breadth of genetic and environmental diversity within and among populations. Our 
analysis explores the relationship between the species life history and the influence of genetic and ecological 
diversity and the species ability to adapt to changing environmental conditions over time. 

We consider Louisiana Pigtoe to have representation in the form of genetic, ecological, and geographical 
diversity between each of seven river basins: Big Cypress-Sulphur, Calcasieu-Mermentau, Neches, Pearl, Red, 
Sabine, and San Jacinto. Because there are no un-impounded, freshwater connections that allow movement 
between the seven basins, for our analysis we treated each river basin as a separate area of representation. 

4.B.4. CURRENT SPECIES REDUNDANCY 

Redundancy describes the ability of a species to withstand and recover from catastrophic events. High 
redundancy is achieved through multiple populations that serve to spread risk, thereby reducing the impact that 
any one event might have in terms of overall loss to the species. Redundancy is characterized by having 
multiple healthy, resilient populations distributed across the range of the species. It can be measured by 
population number, resiliency, spatial extent, and degree of connectivity. Our analysis explored the influence of 
the number, distribution, and connectivity of populations on the species’ ability to withstand catastrophic 
events. 

Within identified representation areas, the Big Cypress-Sulphur, Calcasieu-Mermentau, Pearl, and San Jacinto 
River basins each have only one known current population and therefore lack redundancy. The Sabine River 
basin has two separate populations (Sabine River and Bayou Anacoco populations) but lacks redundancy due 
to the Sabine River population being functionally extirpated/extirpated. The Neches and Red River basin each 
currently have three viable populations (the Lower Little River population in the Red River basin is considered 
functionally extirpated/extirpated), however each population is hydrologically isolated within their respective 
river basins and are, therefore, considered to provide only limited redundancy. 

4.C. TEXAS HEELSPLITTER 

4.C.1. CURRENT CONDITIONS 
Based on our analysis, the total combined stream length currently occupied by the five known Texas 
Heelsplitter populations described in Chapter 3 equals 764 river miles, including four reservoirs, which is 
approximately 24.3% of more than 3,146 river miles that the species may have occupied historically. This 
approximate range reduction assumes the species continuously occupied its entire historical range, which is 
unlikely given the species’ specialized habitat preferences. However, our estimates of historical range are based 
solely on river miles within the mainstem and major tributaries, and therefore take a conservative approach 
since they do not include a significant number of minor tributaries for which we lack records but that may have 
been occupied at one time. Due to a lack of research into Texas Heelsplitter habitat needs in lacustrine 
environments and uncertainty whether those populations function as viable populations, no attempt was made 
to quantify occupied habitat in reservoirs. 

To summarize the overall current conditions of Texas Heelsplitter populations, we assigned each population to 
one of four condition categories based on an assessment of six factors, as described in Section 4.B.1 above and 
as displayed in Table 4.4. Table 4.5 presents the estimated overall condition of Texas Heelsplitter populations, 
which is also displayed geographically across the range of the species in Figure 4.2. To evaluate the overall 
condition for each population, Appendix B, Table B.1 was developed. Within Table B.1, the cause and effects 
of stressors for each factor were considered through a combination of literature pertinent to specific factors and 
the elicitation of subject matter experts within the SSA working group. 

Louisiana Pigtoe & Texas Heelsplitter SSA Report 40 February 2022 



      

      
   

 
 

 
 
 

  
 

 
 

 
 

 
 

 

 
 
 
 

 

   
   

 
  

  
 

  
 
 

 
 

 

 
  

  
 

 

  
   

  
 

  

 
 

  
 

 
  

  

 
 
 

 

 
  

 
  

 
 

 

  
  

 
 

 
 

 
 

 
 
 

 
  

  

  
  

 
  

 
 

 
 

  

 

 
 
 

 

 
  

 
  

 

  
  

 
  

 

 
 

  

 
  

  
  

 
  

 
 

  
 

 
 

  
 

 

 
 

  
 

  
 

 

 
   

 
 

 
  

 

 
  

 
 

     

~ 

Table 4.4. Definitions for population and habitat characteristics used to assign the current condition of Texas Heelsplitter populations (see Table 4.5) 
Population Factors Habitat Factors 

Condition 

Occupied 
Habitat 
(stream 
length) 

Abundance Reproduction/ 
Recruitment 

Habitat 
Structure/
Substrate Hydrology Water Quality 

High 

> 50 river miles Catch Per Unit Effort 
(CPUE) ≥ 4.0 

*(or ≥ 100 
individuals found per 
population survey) 

50% or more sites with 
juveniles (< 35mm) and 
gravid females present 
during breeding season. 
Fish hosts present (i.e., 
not limiting). 

Pool and backwater 
habitats common. Stable 
mud, sand, and silt 
substrates sufficient to 
provide lodging. Low 
levels of sedimentation 
on substrate. 

Slow to moderate flowing water present year-
round. No recorded periods of zero flow days, 
even during droughts. Extremely high, low, 
and/or erratic flows are rare. Little fluctuation of 
water levels in occupied reservoirs (i.e., little to 
no drying of occupied habitat). 

Overall WQ is good or 
excellent.  No known 
contaminants, dissolved 
oxygen sufficient, and no 
thermal extremes documented. 
Pollutants indicative of 
anthropogenic degradation, 
such as total dissolved solids 
(TDS) are stable or decreasing. 

Moderate 

20–50 
river miles 

4.0 > CPUE ≥ 2.0 

*(or ≥ 25 and < 
100 individuals 
found per 
population 
survey) 

25-50% of sites inhabited 
by juveniles (< 35mm) and 
gravid females present 
during breeding season. 
Fish hosts present in 
moderate abundance. 

Pool and backwater 
habitats uncommon. 
Mud, sand, and silt 
substrates mostly stable 
and sufficient to provide 
lodging with some 
mobilization of particles 
and light sedimentation 
on substrate. 

Slow to moderate flowing water present year-
round (no zero flow days), however, extremely 
high, low, and/or erratic flows occur 
infrequently. Moderate fluctuation of water 
levels in occupied reservoirs. 

Overall WQ is fair. 
Contaminants known, low 
dissolved oxygen, and 
temperature extremes 
documented. Not believed to 
be at levels that threaten 
mussel survival.  TDS stable 
or slightly increasing. 

Low 

< 20 river miles 
2.0 > CPUE ≥ 0.5 

*(or ≥ 3 and < 25 
individuals found 
per population 
survey) 

< 25% of sites inhabited by 
juveniles (< 35mm) and 
gravid females present 
during breeding season. 
Fish host present in low 
numbers and/or ability to 
disperse is reduced. 

Pool and backwater 
habitat absent; substrates 
mostly unstable, habitat 
eroded, or being buried 
by mobilized sediments 
from upstream. 

Slow to moderate flowing water is not present 
year-round.  River may become isolated pools or 
dry river bed seasonally.  Zero flow days occur 
and riffles become dry. Extremely high, low, 
and/or erratic flows are routine. High fluctuation 
of water levels in occupied reservoirs. 

Overall WQ is poor. 
Contaminants known, low 
dissolved oxygen, and 
temperature extremes 
documented. TDS increasing. 
Pollution levels sufficient to 
threaten mussel survival. 

Extirpated/ 
Functionally 
Extirpated 

none CPUE <0.5 

*(or < 3 individuals 
found per 
population survey) 

No gravid or juvenile 
individuals present 

No suitable habitat 
present 

Dry stream bed or zero flow days high enough to 
preclude survival. Extremely high, low, and/or 
erratic flows are frequent, resulting in unsuitable 
habitat for mussels. Large magnitude reservoir 
drawdowns occur frequently, resulting in drying 
of occupied habitat and morality. 

Overall WQ is limiting for 
aquatic life. Water quality 
degraded enough to preclude 
mussel habitation. 

*the number of individuals found per most recent comprehensive population survey were used to rank Abundance when CPUE information was not available. 
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Table 4.5. The estimated current condition of Texas Heelsplitter populations*; where high condition = 3 (green box), moderate condition = 2 (yellow box), 
low condition = 1 (red box), and extirpated/functionally extirpated = 0 (grey box). 

Population Factors Habitat Factors 

River Basin Population Occupied 
Habitat 

Abundance Reproduction/ 
Recruitment 

Habitat 
Structure/ 
Substrate 

Hydrology Water 
Quality 

Overall 
Condition 
(Viability) 

Sabine 
Sabine River/ 
Toledo Bend 3 0 1 3 2 3 0** 

Neches 

Neches River/ 
B.A. Steinhagen 3 1 1 3 3 2 1** 

Lower Neches 
River 3 1 1 3 2 2 1** 

Trinity Grapevine Lake na 0 1 3 2 2 0** 

Trinity River/ 
Lake Livingston 3 1 1 1 1 2 1** 

*See Appendix B, Table B.1 for supporting information used to score population and habitat factors. 

**Indicates focal areas where overall condition was capped by abundance (i.e., scored lower). 

na = not applicable (i.e., not applicable to reservoirs). 
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Figure 4.2. Location and estimated condition of 5 remaining Texas Heelsplitter populations within the historical 
range of the species. 
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4.C.2. CURRENT POPULATION RESILIENCY 

Currently, Texas Heelsplitter are known to exist as five populations occurring in three adjacent river basins: 
the Neches, Sabine, and Trinity. 

The Neches River basin in Texas has two populations of Texas Heelsplitter: Neches River/B.A. Steinhagen 
population and Lower Neches River population. The Neches River/B.A. Steinhagen and Lower Neches River 
populations are hydrologically isolated from each other by Town Bluff Dam, an impoundment that forms 
B.A. Steinhagen Reservoir. The Neches River population extends 225 miles on the mainstem from just below 
Lake Palestine to B.A. Steinhagen Reservoir and includes the portion of main stem Angelina River between 
B.A. Steinhagen and Sam Rayburn reservoirs. The Neches River population current condition evaluation 
determined occupied reach habitat length, habitat structure/substrate, and hydrology were high condition; 
water quality in moderate condition; and abundance and reproduction/recruitment in low condition due to low 
CPUE or lack of reported juvenile or gravid female observations (Randklev 2018, entire; Bio-West 2019, 
unpublished data). The Lower Neches River population current condition evaluation found that occupied 
habitat reach length and habitat structure/substrate were in high condition; hydrology and water quality were 
in moderate condition; and abundance and reproduction/recruitment were in low condition due to low 
reported CPUE and numbers of reported juveniles or gravid females (Tables 4.4 and 4.5). The Neches River 
population and the Lower Neches River population have a low overall current condition, resulting in low 
resiliency for both populations. 

The Sabine River basin has one Texas Heelsplitter population in Texas, which marginally extends into 
Louisiana. The Sabine River population current conditions evaluation determined that water quality, habitat 
structure/substrate, and occupied habitat reach length were high condition; hydrology in moderate condition; 
reproduction/recruitment in low condition due to a lack of reported juvenile or gravid female presence data; 
and abundance condition was determined to be functionally extirpated/extirpated due to low CPUE (Tables 
4.4 and 4.5; Randklev 2018, entire). The current condition of this population is functionally 
extirpated/extirpated and; therefore, has little to no resiliency. 

The Grapevine Lake and Trinity River/Lake Livingston populations, located within the Trinity River basin in 
Texas, are hydrologically isolated from one another by the dam that forms Grapevine Lake. The Grapevine 
Lake population current condition evaluation found habitat structure/substrate to be in high condition; 
hydrology and water quality in moderate condition; reproduction/recruitment in low condition; and abundance 
was determined to be functionally extirpated/extirpated due to low number of individuals observed (Randklev 
2018, entire). The Trinity River population current condition evaluation resulted in occupied habitat reach 
length found in high condition and habitat structure/substrate in moderate condition; the remaining population 
and habitat factors were determined to be low condition, primarily attributed to impacts associated with 
hydrology changes within the Trinity River basin and low reported CPUE and numbers of reported juveniles 
or gravid females (Tables 4.4. and 4.5). The Grapevine Lake population is considered functionally 
extirpated/extirpated, while the Trinity River/Lake Livingston population has a low overall current condition 
and low resiliency. 

4.C.3. CURRENT SPECIES REPRESENTATION 

We consider the Texas Heelsplitter to have representation in the form of genetic, geographic, and ecological 
diversity in the three currently occupied river basins. Because there are no freshwater connections between 
the three basins, we treated each river basin as separate areas of representation. 
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4.C.4. CURRENT SPECIES REDUNDANCY 

Within the identified Texas Heelsplitter representation areas (Neches, Sabine, and Trinity River basins), only 
the Neches and Trinity River basins have at least one known current viable population (the Sabine 
River/Toledo Bend population in the Sabine River basin and Grapevine Lake in the Trinity River basin are 
considered functionally extirpated/extirpated). The Neches River basin has two currently viable populations 
(Neches River and Lower Neches River populations); however, these populations are hydrologically isolated, 
and therefore provide only minimal redundancy. 

4.D. SUMMARY OF CURRENT CONDITIONS OF LOUISIANA 
PIGTOE AND TEXAS HEELSPLITTER 
Louisiana Pigtoe and Texas Heelsplitter exhibit various levels of resiliency, redundancy, and representation 
across the major river basins in which they occur. However, no population seems to contain all of the habitat 
and population factors necessary to warrant strong, healthy mussel populations. Given our analysis of current 
condition, only two Louisiana Pigtoe populations were considered to have high current condition overall (i.e., 
Neches and Cossatot rivers; Table 4.3), and no Texas Heelsplitter populations are in high condition (Table 
4.5). While other populations have aspects, or factors, that are in high condition (such as occupied habitat 
length or habitat structure/substrate) none of those populations have all of the factors necessary to support a 
highly resilient population. Four populations of the Louisiana Pigtoe and Texas Heelsplitter are considered 
functionally extirpated/extirpated, meaning abundance is too low to support viability of the population, 
including the Lower Little River (tributary to the Red River) and Sabine River populations for the Louisiana 
Pigtoe, and Sabine River/Toledo Bend and Grapevine Lake populations for the Texas Heelsplitter. 
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CHAPTER 5 - FACTORS INFLUENCING VIABILITY 
This chapter evaluates the past, current, and future factors that may affect the long-term viability of Louisiana 
Pigtoe and Texas Heelsplitter. Each factor is discussed below and explored further in the “Cause and Effects 
Tables” attached to this report (Appendix B). The Cause and Effects Tables analyze, in detail, the pathways 
through which each factor influences a species at both the individual and population level. Each factor is also 
examined temporally to determine the magnitude of potential impacts on the status of the species from a 
historical, current, and future perspective. These factors include: 1) water quality changes, 2) altered 
hydrology, 3) substrate changes, 4) habitat fragmentation, 5) direct mortality, and 6) invasive species. Climate 
change, which has the unique ability to influence all six factors, is also briefly mentioned toward the end of 
the chapter and is a key component of our analysis in Chapter 6 where we take a closer look at future 
conditions. 

The current and potential future effects of the six factors, along with current estimates of distribution and 
abundance, determine present viability, and therefore future vulnerability to extinction. The factors we chose 
to examine are based on known stressors that either influence Louisiana Pigtoe and Texas Heelsplitter directly 
or influence the resources upon which mussels rely for survival, growth, and reproduction, as well as a 
discussion on the sources of those stressors. For more information about how each factor influences species 
survival, see Appendix B. Environmental stressors that are not known to affect Louisiana Pigtoe and Texas 
Heelsplitter populations are not discussed in this SSA report. 

5.A. CHANGES IN WATER QUALITY 

Freshwater mussels require water in sufficient quantity and quality on a consistent basis to complete their life 
cycles and those of their host fishes. Like many rare species, along with natural perturbations that exert 
pressure on populations and influence survival, habitat for freshwater mussels is impacted by a myriad of 
anthropogenic activities. These activities, such as residential development and agriculture, place increasing 
demands on natural resources, particularly water, which can have deleterious effects on both water quality and 
quantity.  

Water quality can be degraded through contamination or alteration of water chemistry. Environmental 
contaminants include a broad array of natural, synthetic, and chemical substances introduced to the 
environment that can be hazardous to living organisms. Chemical contaminants are ubiquitous throughout the 
environment and are a major contributor to the current declining status of freshwater mussel species 
nationwide (Augspurger et al. 2007, p. 2025). Contaminants that enter the environment are generally 
categorized by their origin as either coming from point sources such as hazardous spills, industrial 
wastewater, and municipal effluents, or non-point sources such as urban stormwater and agricultural runoff. 
These discharges can introduce a variety of pollutants to air, water and soil, including organic compounds, 
trace metals, pesticides, plastics, petroleum hydrocarbons, flame retardants, and a wide variety of emerging 
contaminants (e.g., pharmaceuticals and personal care products) that comprise some 85,000 chemicals in 
commerce today and are routinely released into the aquatic environment (EPA 2018, p. 1). The extent to 
which environmental contaminants adversely affect aquatic biota can vary depending on many site-specific 
variables (e.g., the concentration of the pollutant, the volume discharged, and the timing of the release), but 
species diversity and abundance consistently ranks lower in waters that are known to be polluted or otherwise 
impaired by contaminants. For example, freshwater mussels are not generally found for many miles 
downstream of municipal wastewater treatment plants (WWTP)(Gillis et al. 2017, p. 460; Goudreau et al. 
1993, p. 211; Horne and McIntosh 1979, p. 119). Transplanted common freshwater mussels (Amblema plicata 
and Corbicula fluminea) showed reduced growth and survival below a WWTP outfall relative to sites located 
upstream of the WWTP in Wilbager Creek (a tributary to the Colorado River in Travis County, Texas); water 
chemistry was altered by the wastewater flows at downstream sites, with elevated constituents in the water 
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column that included copper, potassium, magnesium, and zinc (Nobles and Zhang 2015, p.11; Duncan and 
Nobles 2012, p. 8).   

Although municipal wastewater effluents are nutrient rich and contain a variety of pollutants that can affect 
water quality, ammonia is of particular concern below wastewater treatment plant outfalls because freshwater 
mussels have been shown to be particularly sensitive to increases in ammonia levels (Augspurger et al. 2003, 
p. 2569). Elevated concentrations of un-ionized ammonia (NH3) in the interstitial spaces of benthic habitats (> 
0.2 parts per billion) have been implicated in the reproductive failure of Eastern Elliptio (Elliptio complanata) 
freshwater mussel populations (Strayer and Malcom 2012, pp. 1787-8), and sub-lethal effects (valve closures) 
have recently been described as TAN approaches 2.0 milligrams per liter (mg/L or ppm; Bonner et al. 2018, 
p. 186). Waters near intensive agricultural operations such as poultry farms, processing plants, and confined 
animal feeding operations that house large concentrations of animals producing ammonia waste are also at 
risk of contamination. Quantitative estimates of the effects of un-ionized ammonia in the water column are 
currently unknown, and relationships between TAN and un-ionized ammonia (NH3) are dependent on pH and 
temperature (see inset). Recent laboratory studies suggest that for Pimpleback (Cyclonaias pustulosa; a 
species native to the eastern United States and entire Mississippi drainage), the revised EPA ammonia 
benchmarks are sufficient to 
protect from short-term effects 
of ammonia on resting 
metabolic rate and ability to 
extract oxygen even under low 
oxygen conditions (Bonner et 
al. 2018, p. 151). However, 
some sources are continuous 
and the long-term effects of 
chronic ammonia exposure 
(i.e., years or decades) to 
freshwater mussels has yet to 
be experimentally investigated. 
Although a comprehensive 
review of ammonia related 
impacts to Louisiana Pigtoe 
and Texas Heelsplitter is 
beyond the scope of this 
document, municipal 
wastewater is known to contain 
both ionized and un-ionized 
ammonia and wastewater discharge permits issued by Texas Commission on Environmental Quality (TCEQ) 
do not always impose limits on ammonia, particularly for smaller volume dischargers. Thus, at a minimum 
there are likely to be elevated concentrations of ammonia in the immediate mixing zone of some WWTP 
outfalls, and in some cases, impacts will persist for some distance downstream. To give insight into the 
potential scope of WWTP related impacts, there are approximately 386 discharge permits issued for the 
Trinity River basin alone from its headwaters above the Dallas-Fort Worth metroplex down to the Gulf of 
Mexico (TCEQ 2018b, entire). The San Jacinto Basin, although geographically smaller than most other basins 
in Texas, has approximately 1,052 WWTP outfalls, while the Neches and Sabine Rivers have 218 and 191 

Ammonia toxicity explained in Bonner et al. 2018, p. 147-8: 

“Ammonia in surface waters is typically reported as total ammonia nitrogen 
(TAN). This refers to the combined concentration of nitrogen (mg/L) occurring in 
the two co-existing forms of ammonia, ionized (NH4+) and un-ionized (NH3). Un-
ionized ammonia is the most toxic form. The proportion of un-ionized to ionized 
(NH3:NH4+) ammonia increases with increasing pH and temperature. Thus, 
ammonia becomes more toxic with increases in temperature and/or pH even if the 
concentration of ammonia, measured as TAN, remains the same. The U.S. EPA 
2013 ammonia benchmark is 17 mg TAN/L for acute (1 hour average) exposure 
and 1.9 mg TAN/L for chronic (30 day rolling average) exposure. These 
benchmarks are referred to as “criterion minimum concentrations” (CMC) and 
represent a concentration that is expected to be lethal to < 50% of individuals in 
sensitive species. They specifically apply to a pH of 7 and a temperature of 20°C 
during the summer months. The toxicity of 17 (acute) and 1.9 (chronic) mg TAN/L 
benchmark concentrations would therefore increase and may no longer be 
sufficiently protective of unionid mussels. The EPA is cognizant of this issue and 
provides tables to adjust benchmark concentrations for specific temperature and 
pH values. Un-ionized ammonia can affect organisms such as mussels via multiple 
mechanisms that increase ventilation rates (volume of water passing through gills 
per unit time), gill damage, and a reduction in the ability of blood (hemolymph) 
to carry oxygen.” 
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Figure 5.1. Wastewater discharge permits issued by the Texas Commission on Environmental Quality within the range 
of Louisiana Pigtoe and Texas Heelsplitter (analysis limited to Texas; TCEQ 2018b, entire). 
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outfalls respectively (Figure 5.1). In addition, some industrial permits such as animal processing facilities can 
discharge millions of gallons per day and have ammonia limits in the range of 4 mg/L, which exceeds levels 
that inhibited growth in juvenile Fatmucket (Lampsilis siliquoidea) and Rainbow Mussel (Villosa iris) during 
28 day chronic tests (0.37 to 1.2 mg total ammonia N/L; no-observed-effect concentration and lowest-
observed-effect concentration, respectively) (Wang et al. 2007, entire). Immature mussels (i.e., juveniles and 
glochidia) are especially sensitive to water quality degradation and contaminants (Cope et al. 2008, p. 456, 
Wang et al. 2017, p. 791-792; Wang et al. 2018, p. 3041). 

Another common type of water quality degradation is the alteration of basic water chemistry, including 
changes to water quality parameters such as dissolved oxygen, temperature, total dissolved solids (TDS) and 
salinity. Dissolved oxygen levels are influenced by temperature (i.e., as temperatures increase, dissolved 
oxygen levels decrease) and may be reduced from increased nutrient inputs or other sources of organic matter 
that increase the biochemical oxygen demand in the water column as microorganisms decompose waste. 
Organic waste can originate from stormwater, agriculture, irrigation runoff or wastewater effluent, and 
juvenile mussels seem to be particularly sensitive to low dissolved oxygen with sub-lethal effects evident at 2 
ppm and lethal effects at 1.3 ppm after just 48 hours (Sparks and Strayer 1998, pp. 132-133). Although some 
aquatic organisms tolerate dissolved oxygen levels below 3 ppm, most prefer levels somewhere between 4 
ppm and supersaturation (i.e., excessively high dissolved oxygen). Increases in water temperature ( ≥27° C 
for sensitive species) resulting from water diversions, climate change, or low flows during droughts can 
increase the toxicity of many pollutants and exacerbate low dissolved oxygen levels, in addition to other 
drought-related effects on both juvenile and adult mussels. 

Total dissolved solids, a measure of the mineral content of water (i.e., inorganic salts, metals, cations or 
anions dissolved in water, including calcium, magnesium, potassium, sodium, bicarbonates, chlorides, and 
sulfates), is commonly elevated in watersheds impacted by a variety of industrial, commercial, urban and 
agricultural activities, and has been associated with acute and chronic toxicity to aquatic organisms. Total 
dissolved solids are a good overall indicator of water quality and can be measured indirectly using 
conductivity; therefore, watersheds with increasing trends in conductivity or TDS are experiencing declines in 
water quality that can be harmful to mussels and other aquatic organisms. Increasing trends in TDS are not 
uncommon in watersheds impacted by anthropogenic activities. For example, water quality samples taken on 
Segment 0402 of Big Cypress Bayou near the confluence with Little Cypress Bayou showed a significant 
increasing trend in conductivity, with values rising from 120 uS/cm in 1998 to 190 uS/cm in 2012, likely due 
to changing land uses and subsequent increases in point and non-point source pollution (TCEQ 2014, pp. 20-
21). 

Mussels are also sensitive to elevated salinity, which is a measure of dissolved salts like chloride and sodium 
that are a component of TDS, such that, the distribution of mussels is naturally limited in the lower basins 
where conditions become unfavorable from the intrusion of brackish and saline water near the coast. 
Freshwater areas within these lower basins can be affected by storm surges or inclement weather, such as 
hurricanes, as saline water is carried inland.  These salt water deposits can harm freshwater biota, including 
mussels, depending largely on the volume introduced and the amount of time saline conditions persist. 
Salinity in river water is diluted by surface flow and as surface flow decreases the influence of salt 
concentrations increase, resulting in adverse effects on freshwater mussels. Even low levels of salinity (2-4 
parts per thousand (ppt)) can have substantial negative effects on reproductive success, metabolic rates, and 
survival of freshwater mussels (Blakeslee et al. 2013, p. 2853). Bonner et al. (2018, pp. 155-6) suggest that 
the behavioral response of valve closure to high salinity concentrations (> 2 ppt) is the likely mechanism for 
reduced metabolic rates, reduced feeding, and reduced reproductive success based on reported sub-lethal 
effects of salinity > 2 ppt for Texas Pimpleback, which closed tightly when exposed to salinity > 4 ppt for 7 
days. The extent to which salinity currently affects freshwater mussel survival and reproduction near coastal 
areas is unknown, but the impacts will likely increase with climate change as weather related events increase 
the frequency and intensity of storms. 
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Contaminants released during accidental spills of 
chemicals, crude oil, or other hazardous materials 
are also a concern to water quality, as they often 
impact adjacent rivers, streams and waterbodies. 
Texas leads the nation in crude oil and natural gas 
production with more than 270,000 active oil and 
gas wells, in addition to 448,446 miles of pipelines 
and associated infrastructure needed to move 
product from wells to refineries for processing 
(Figure 5.2; RRC 2021a, 2021b, and 2021c, entire). 
Various chemicals, refined fuels like diesel, and 
wastewater related to oil and natural gas 
exploration are also routinely transported along 
Texas highways.  These facilities and equipment 
used for extraction, transportation and refinement 
of hazardous materials are all potential sources of 
hazardous spills, which occur with regularity 
throughout the state and can originate from human 

Figure 5.2. Texas Railroad Commission map showing extensive error, equipment failure, or catastrophic events like pipeline network used to carry natural gas (red), crude oil (green), 
industrial accidents, fires or floods. Although spills and hazardous liquids (blue) throughout the state (as of January 
are relatively short-term events and may be 2018). 
localized, depending on the types of substances and 
volume released, water resources nearby can be severely impacted and degraded for years after the incident 
along with the biological resources that inhabit the area. 

Water quality and quantity are interdependent, so reductions in surface flow caused by drought, instream 
diversions, or groundwater extraction serve to concentrate contaminants from point and non-point source 
pollution that would otherwise be diluted. For example, point source discharges of industrial or municipal 
wastewater inherently pose a greater risk to aquatic biota under low flow conditions as concentrations of 
pollutants and water temperatures increase. Drought conditions can place additional stressors on stream 
systems beyond reduced flows by exacerbating contaminant related effects to aquatic biota, including 
freshwater mussels. Not only can temperature be a biological, physical, and chemical stressor, the toxicity of 
many pollutants to aquatic organisms increases at higher temperatures (e.g., ammonia, mercury), which is 
further exacerbated by the increased metabolic activity (e.g., higher respiration rates) experienced by 
organisms as they try to adapt to hotter conditions within the water column (Noyes et al. 2009, p. 
979; Ganser et al. 2013, p. 1172; Patra et al. 2015, p. 1814). We foresee threats to water quality increasing 
into the future due to the effects of climate change as demand and competition for limited water resources 
grows. For additional information and a more comprehensive discussion of water quality requirements for 
aquatic species in Texas, the reader is referred to USFWS (2006, entire). 

5.B. ALTERED HYDROLOGY 
In this report, altered hydrology refers to anthropogenic changes to historical flow regimes that result in 
degradation of Louisiana Pigtoe and Texas Heelsplitter habitat. The changes to flow originate from a variety 
of activities, resulting in either an increase or decrease in flows (e.g., magnitude, duration, intensity) beyond 
natural fluctuations that occurred historically, and in some cases these changes exceed levels tolerated by 
mussels. While we recognize changes to flow occur naturally, such as floods and droughts, the focus of our 
discussion is related to changes to flow that are directly or indirectly related to human activity. Altered 
hydrology (leading to inundation, low flow, or high flow conditions) may reduce the quality of affected 
habitats to the point where they are no longer suitable for freshwater mussels. While Louisiana Pigtoe and 
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Texas Heelsplitter have adapted to survive natural fluctuations in flows, populations that experience sustained 
higher than normal flows, prolonged flooding or unnatural fluctuations in the frequency or intensity of 
high/low flows, or extended (or repeated) drying events, will not persist. Although some watersheds have 
been more heavily impacted than others, virtually every watershed within the range of these two freshwater 
mussels has experienced some level of anthropogenic-induced change to the hydrology during the 20th 

century, a trend that will likely continue into the 21st century, particularly in areas with rapid population 
growth. 

Inundation of previously free-flowing rivers and streams by impoundments has arguably had the single largest 
human-related impact on the distribution of freshwater mussels. The construction of reservoirs and other 
impoundments permanently alters the hydrology, and hence, the ecology of rivers, often with deleterious 
effects to water quality, water quantity, host fish movement and dispersal of mussel glochidia, nutrient 
cycling, sediment deposition, fate and transport of contaminants, and numerous other changes to the physical, 
chemical, and biological characteristics of affected areas (upstream and downstream). In this section, we 
discuss how the close relationship of flow to mussels makes them uniquely vulnerable to hydrology changes. 

Both mussel species are adapted to flowing water (lotic habitats) rather than standing water (lentic habitats). 
Louisiana Pigtoe require free-flowing water to survive and prolonged inundation in non-flowing conditions is 
not suitable habitat for the species. Like the Louisiana Pigtoe, the Texas Heelsplitter evolved in flowing 
conditions but they have also been observed in lentic habitats and appear to be tolerant of reservoir 
conditions. There is, however, uncertainty about whether populations that occur in lacustrine environments 
function in the same manner as those in lotic habitats, and the mechanisms that allow the Texas Heelsplitter to 
tolerate reservoirs are poorly understood (Randklev 2019a, p. 2). Some have suggested Texas Heelsplitter 
may occur in higher densities, and hence favor, areas of reservoirs that are influenced by stream inflows 
where conditions more closely resemble their preferred riverine habitat (Whisenant 2019, p. 1; Neck and 
Howells 1995, p. 15). 

Inundation of mussel habitat has primarily occurred upstream of dams, including large structures on public 
land such as Toledo Bend Reservoir and other major flood control and water supply reservoirs, and smaller 
structures like low water vehicle crossings and diversion dams typically found along tributaries on privately-
owned land. These structures alter the hydrology of rivers by slowing, impeding or diverting normal flow 
patterns, causing a myriad of other changes to the aquatic environment. Inundation alters natural sediment 
deposition by increasing deposition in some areas and eliminating the interstitial spaces that Louisiana Pigtoe 
and Texas Heelsplitter inhabit. Inundation also includes the effects of reservoir releases where the frequency 
and magnitude of flows and variations in surface water elevation can make habitat unsuitable for these 
species. In large reservoirs that release water from the hypolimnion, the deeper water is cold and often devoid 
of oxygen and necessary nutrients, which can adversely affect mussel survival. Cold water can stunt mussel 
growth and delay or hinder spawning (Vaughn and Taylor 1999, p. 917). Reservoirs like Broken Bow Lake in 
southeast Oklahoma that release cold water from the bottom of the reservoir (in part to support a non-native 
rainbow and brown trout recreational fishery), can affect water temperatures for miles downstream. These 
cold releases create an extinction gradient, where freshwater mussels are absent or presence is low near the 
dam, and abundance does not rebound until some distance downstream where ambient conditions raise the 
water temperature to within the tolerance limits of mussels (Davidson et al. 2014, p. 29; Vaugh and Taylor 
1999, pp. 915, 916). 

The construction of dams for flood control and drinking water supply, and the subsequent management of 
water releases from those reservoirs (e.g., timing, intensity, and duration), has significant impacts on the 
natural function and hydrology of rivers and streams. For example, dams trap sediment in reservoirs and 
managed releases typically do not conform to the natural flow regime, often resulting in higher base flows, 
and peak flows of reduced intensity but longer duration. The additional shear stress caused by these sustained 
high base flows can incise channels, erode river banks, scour mussel beds, and remove substrate preferred by 
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mussels. Over time, the physical force of these higher base flows can dislodge mussels from the sediment and 
permanently alter the geomorphology of rivers. Rivers transport not only water but also sediment, which is 
transported mostly as solids suspended in the water column. The majority of sediment transport occurs during 
floods (Kondolf 1997, p.533; Clark and Mangham 2019, pp. 6-7). The increase in flooding severity results in 
greater sediment transport, with important effects to substrate stability and benthic habitats for freshwater 
mussels, as well as other organisms that are dependent on stable benthic habitats. Further, water released by 
dams is usually clear due to reduced sediment load, and is considered “hungry water because the excess 
energy is typically expended on erosion of the channel bed and banks…resulting in incision (downcutting of 
the bed) and coarsening of the bed material until a new equilibrium is reached” (Kondolf 1997, p.535). The 
extent to which downcutting and erosion occurs as a result of dam releases varies depending on the volume of 
flows and geomorphology of the river downstream, but in some cases leads to bank collapse, burial of mussel 
beds, and mortality. Conversely, depending on how dam releases are conducted, reduced flood peaks can lead 
to accumulations of fine sediment in the river bed (i.e., loss of flushing flows, Kondolf 1997, pp. 535, 548). 

Operation of reservoirs for flood-control, water-supply, and recreation results in altered hydrologic regimes, 
including an attenuation of both high- and low-flow events. Flood control dams store flood waters and then 
release them in a controlled manner. Extended release of these flood waters can result in significant scour, and 
loss of substrates that provide mussel habitat. The changes to flood flows also alter sediment dynamics, as 
sediments are trapped above and scoured below major impoundments. These changes in water and sediment 
transport negatively affect freshwater mussels and their habitats (Gascho-Landis and Stoeckel 2016, p. 234; 
Ford 2013, p.3).  Evidence that Texas Heelsplitter are able to tolerate reservoir conditions leads us to believe 
the overall impacts of reservoirs may be more pronounced for Louisiana Pigtoe (Howells 2010b, p. 3); 
however, this is speculative since to our knowledge there have been no studies to elucidate this issue. 

Flow loss and scour - Very low flows and water levels are also detrimental to Louisiana Pigtoe and Texas 
Heelsplitter populations. Droughts that occurred in the recent past led to extremely low flows in several east 
Texas rivers. Some rivers, or portions thereof, are resilient to drought because they are spring-fed (Calcasieu, 
Neches), contain large volumes of water (Trinity), have large reservoirs in the upper reaches that release 
water for downstream users (all, excluding Calcasieu), or have significant return flows (Pearl, Sabine, 
Trinity); however, drought in combination with increasing trends in groundwater extraction may lead to lower 
river flows of longer duration than previously recorded. Reservoir releases can be managed to some extent 
during drought conditions to prevent complete dewatering below reservoirs, but in many cases dam operators 
must stop releases during droughts to conserve water and protect water supplies, leaving mussels vulnerable 
to desiccation. The same limitation applies during major floods, where dam operators have little choice but to 
maximize flood releases to protect public safety and property, which can negatively affect mussels 
downstream. 

Streamflow and overall discharge for rivers inhabited by Louisiana Pigtoe and Texas Heelsplitter are expected 
to decline due to climate change and projected increases in temperatures and evaporation rates, resulting in 
more frequent and intense droughts (Lafontaine et al. 2019, entire). Return flows, consisting primarily of 
treated municipal wastewater, are projected to continue to increase in areas with population growth and may 
serve to ameliorate some of the effects of climate change downstream of metropolitan areas, albeit with 
notable impacts to water quality; however, these benefits may become less significant as municipalities 
increase wastewater reuse as a conservation measure. The Trinity River, for example, has been a significantly 
modified, highly controlled and regulated system since the 1960s, with low flows steadily increasing as the 
population has grown, resulting in base flows that are significantly higher compared to historical flows (Clark 
and Mangham 2019, p. 9). The increase in base flows can be attributed to substantial return flows from 
Dallas/Fort Worth metropolitan area wastewater treatment plants and are projected to continue to increase in 
the future. Surface and alluvial aquifer groundwater withdrawals will likely increase in the future due to the 
effects of more intense droughts, with reductions in streamflows putting an additional strain on aquatic 
resources. With the exception of stream segments where municipal effluent return flows supplement base 
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flows, most streams experience lower base flows and reduced high flow events after major reservoirs are 
constructed (USGS 2008, pp. 964, 966). 

Many streams within the range of these two freshwater mussel species receive significant groundwater inputs 
from multiple springs associated with aquifers. As spring flows decline due to drought, climate change, or 
groundwater pumping, habitat for freshwater mussels in affected streams is reduced and could eventually 
cease to exist. While Louisiana Pigtoe and Texas Heelsplitter may survive short periods of low flow, as low 
flows persist, mussels can be subjected to oxygen deprivation, increased water temperature, and, ultimately, 
stranding, which leads to reduced survivorship, reproduction, and recruitment to the population. Likewise, 
high-flow events can lead to increased risk of mortality through physical removal, transport, or burial of 
mussels as unstable substrates are transported downstream by flood waters (entrainment) and dislodged 
mussels are later redeposited in locations that may not be suitable habitat. Low flow events also lead to an 
increased risk of desiccation (physical stranding and drying) and exposure to elevated water temperature and 
other water quality degradations, such as more concentrated contaminants, as well as to predation. 

The distribution of mussel communities and their habitats is affected by large floods returning at least once 
during the typical life span of an individual mussel (generally from 3 to 30 years), as mediated by the 
presence of flow refuges, where shear stress is relatively low, sediments are relatively stable, and mussels 
“must either tolerate high-frequency disturbances or be eliminated and can colonize (only) areas that are 
infrequently disturbed between events” (Strayer 1999, pp. 468-9). Shear stress and relative shear stress (RSS) 
are limiting to mussel abundance and species richness (Randklev et al. 2017a, p. 7) and riffle habitats may be 
more resilient to high flow events than littoral (bank) habitats. 

Louisiana Pigtoe and Texas Heelsplitter undoubtedly evolved in the presence of extreme hydrological 
conditions to some degree, including severe droughts leading to dewatering, and heavy rains leading to 
damaging scour events and movement of mussels and substrate, although the frequency, duration, and 
intensity of these events may be different from what is observed today. The natural drought/flood cycle in east 
Texas can be characterized by long periods of time with little or no rain, interrupted by short periods of heavy 
rain that often result in flooding. These same patterns led to the development of flood control and storage 
reservoirs throughout Texas in the twentieth century. Howells (2000) provides a summary of drought 
conditions in Texas from 1995-1999, characterized by prolonged drought conditions punctuated by severe 
floods, and their impacts on native unionids, reporting that “although no sampling efforts were mounted to 
document [the] impact on rare endemic unionids…, [some] species… were almost certainly reduced in 
numbers, especially at sites that dried completely” (p.ii). It follows that given the variable climate of east 
Texas; mussels must have life history strategies, and other adaptations, that allow them to persist by 
withstanding severe conditions, and/or repopulating during more favorable conditions. However, there are 
limits to the ability of mussels to respond to increasing variability, frequency, and severity of extreme weather 
events, which is believed to be a contributing factor to the contraction of populations for both species. 

Another source of alteration to hydrology is from sand and gravel mining. Sand and gravel can be mined 
directly from rivers or from adjacent alluvial deposits, and instream gravels often require less processing and 
are thus more attractive from a business perspective (Kondolf 1997, p. 541). Instream mining directly impacts 
river habitats by removal of substrates used by mussels, and can indirectly affect river habitats through 
channel incision, bed coarsening, and lateral channel instability (Kondolf 1997, p. 541). Excavation of pits in 
or near to the channel can create a knickpoint, which can contribute to erosion (and mobilization of substrate) 
associated with head cutting (Kondolf 1997, p. 541). Pits associated with off-channel mining of the floodplain 
can become involved during floods, such that the pits become hydrologically connected, and thus can affect 
sediment dynamics in the stream or river (Kondolf 1997, p. 545). Sand and gravel mines occurred historically 
and continue to operate in some basins throughout the range of Louisiana Pigtoe and Texas Heelsplitter, 
including two operations noted within the Bayou Anacoco focal area and one within the San Jacinto focal area 
during our review. 
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Due to the importance of hydrology to Louisiana Pigtoe 
and Texas Heelsplitter, in 2018 the Service contracted 
the Texas A&M University’s Natural Resources Institute 
to conduct research on hydrologic changes that have 
occurred in east Texas rivers and examine potential 
impacts to freshwater mussels. This two year study 
entitled “Assessment and Review of Hydrological 
Relationships for Mussels in East Texas” utilized 
historical U.S. Geological Survey stream gage data to 
evaluate changes to eleven flow parameters assessed 
using Indicators of Hydrologic Alteration (IHA) at 43 
gages over a 50 year period (1968 – 2018)(Figure 5.3). 
Preliminary findings contained in the 2019 Interim 
Report indicate significant changes to specific measured 
hydrologic parameters in all four river basins reviewed, 
with basins experiencing change ranked from high to low 
as follows: Trinity River, Sabine River, Big Cypress 
Bayou, and Neches River (see Figure 5.4). To determine 
the influence these changes to flow had on Louisiana 
Pigtoe and Texas Heelsplitter (i.e., clarify mussel-flow 
relationships), the gage data were paired with records 
from approximately 500 mussel surveys conducted 
within 20 kilometers of the 43 gages (24 gages for the 
Trinity, nine for the Neches, six for the Sabine, and four 
for Big Cypress). Although evaluation of mussel-flow 
relationships is ongoing and a final report is not due until Figure 5.3. Map of USGS stream gages evaluated for changes to flow 
the Fall of 2020, based on quantile regression models there from 1968-2018 based on HUC10 watersheds. HUCs highlighted in 
are flow parameters that appear to be limiting to Louisiana orange indicate at least one gaging station showed a significant 

change over time in one or more of the 11 flow parameters Pigtoe and Texas Heelsplitter. Specifically, changes to the 
analyzed.(HUCs in blue show no change in any of the 11 flow number of days with zero flow was limiting for Louisiana parameters). (Khan and Randklev, 2019 Interim Report, pg. 7). 

Pigtoe, and the number of high pulses was limiting for 
Texas Heelsplitter. In summary, results to date indicate natural flow regimes have been altered in east Texas 
rivers, as was expected, which has led to modification of instream habitats and contributed to declines in 
freshwater mussels. These findings agree with the opinion of many experts who believe (1) portions of the 
Trinity River have been significantly modified and may no longer support mussels (particularly in the upper 
basin where stream hydrology and geomorphology have been permanently altered), and (2) the Neches River 
is least altered and has some of the best remaining mussel habitat, along with the most abundant and diverse 
mussel populations, left in east Texas. 
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5.C. CHANGES TO HABITAT STRUCTURE/SUBSTRATE 
Juvenile and adult Louisiana Pigtoe and Texas Heelsplitter inhabit microhabitat along river stream beds that 
have abundant interstitial spaces or small openings in an otherwise closed matrix of substrate, created by 
gravel, cobble, boulders, bedrock crevices, tree roots, and other vegetation, with some amount of fine 
sediment (i.e., clay and silt) necessary to provide appropriate shelter. However, excessive amounts of fine 
sediments can reduce available microhabitat in an otherwise suitable mussel bed by filling in these interstitial 
spaces, effectively smothering mussels in place. Louisiana Pigtoe and Texas Heelsplitter generally require 
stable substrates, and loose silt deposits do not generally provide adequate substrate stability. Interstitial 
spaces provide essential habitat for juvenile mussels in particular, offering protection from predation and vital 
nutrients. Juvenile freshwater mussels burrow into interstitial substrates, making them particularly susceptible 
to degradation of this habitat feature. When clogged with sand or silt, interstitial flow rates and spaces may 
become reduced (Box and Mossa 1999, p. 100) and no longer provide suitable habitat for juveniles. While 
adult mussels can be physically buried by excessive sediment, “the main impacts of excess sedimentation on 
unionids are often sublethal” and include interference with feeding mediated by valve closure (Box and 
Mossa 1999, p. 101). Many land use activities can result in excessive erosion, sediment production and 
channel instability, including, but not limited to oil and gas development, logging, crop farming, ranching, 
mining, and urbanization (Arm et al. 2014, p. 114; Howells 2010b, p. 14; Arbuckle and Downing 2002, p. 
311; Box and Mossa 1999, p. 102). 

Under a natural flow regime, a river or stream is in equilibrium in the context of sediment load, so that 
sediments are naturally washed away from one microhabitat to another, the amount of sediment in the 
substrate is relatively stable, and different reaches within a river or stream may be aggrading or degrading 
sediment at any given time (Poff et al. 1997, pp. 770-772). Current (and past) human activities often result in 
enhanced sedimentation in river systems, including legacy sediment from past land disturbances and reservoir 
construction. These activities continue in many basins occupied by Louisiana Pigtoe and Texas Heelsplitter, 
influencing river processes and sediment dynamics (Wohl 2015, p. 31, pp. 39), with legacy effects that can 
result in degradation of mussel habitat. Fine sediments collect on the streambed and in crevices during low 
flow events, and much of the sediment is washed downstream during high flow events (also known as 
cleansing flows) and deposited elsewhere. However, increased frequency of low flow events (from 
groundwater extraction, instream surface flow diversions, and/or drought) combined with a decrease in 
cleansing flows (from reservoir management and drought) causes sediment to accumulate. Sediments 
deposited by large scale flooding or other disturbance may persist for several years until adequate cleansing 
flows can redistribute that sediment downstream. When water velocity decreases, which can occur from 
reduced streamflow or inundation, water loses its ability to carry sediment in suspension and sediment falls to 
the substrate, eventually smothering mussels not adapted to soft substrates (Watters 2000, p. 263). Sediment 
accumulation can be exacerbated when there is a simultaneous increase in the sources of fine sediments in a 
watershed. Within the range of Louisiana Pigtoe and Texas Heelsplitter, these sources include streambank 
erosion from development, agricultural activities, livestock and wildlife grazing, in-channel disturbances, 
roads, and crossings, among others (Poff et al. 1997, p. 773). In areas with ongoing development, runoff can 
transport substantial amounts of sediment from ground disturbance related to construction activities with 
inadequate or absent sedimentation controls. While these construction impacts can be transient (lasting only 
during the construction phase), the long-term effects of development on water quantity and quality are long 
lasting and can result in hydrological alterations as increased impervious cover increases run off and resulting 
shear stress causes streambank instability and additional sedimentation. 

5.D. HABITAT FRAGMENTATION 
Historically, the Louisiana Pigtoe and Texas Heelsplitter were likely distributed throughout the river basins 
described in Chapter 3. Given the reproductive ecology of both species, new areas of suitable habitat would 
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have been colonized through movement of infested host fish, as newly metamorphosed juveniles would 
excyst from host fish and become established in new locations. 

Today, the remaining Louisiana Pigtoe and Texas Heelsplitter populations are isolated from one another by 
major reservoirs such that natural recolonization of areas previously extirpated is extremely unlikely, if not 
impossible, due to barriers to host fish movement. With the exception of the Louisiana Pigtoe populations in 
the Red River basin in Arkansas and Oklahoma, there is currently no opportunity for substantial interaction 
among extant Louisiana Pigtoe and Texas Heelsplitter populations as over time they have become isolated 
from one another by reservoirs, habitat alteration, and de-watering events, among other reasons. 

Instream barriers, such as reservoirs, low water crossings, and sections of dry stream bed during periods of 
prolonged drought, have multiple impacts on stream ecosystems. The impacts of reservoirs in particular are 
significant, causing permanent changes to fish movement, water quality, and hydrology, with cascading 
effects to river ecology and aquatic species that utilize areas downstream. Reductions in the diversity and 
abundance of mussels are primarily attributed to habitat shifts caused by impoundments (Neves et al. 1997, 
p.63), including the drastic alteration in resident fish populations and the inability of host fish to move freely 
between mussel populations resulting in genetic isolation. The overall distribution of mussels is, in part, a 
function of the dispersal of their host fish. There is limited potential for immigration between populations 
other than through attached glochidia being transported to a new area or to another population. Small (or 
fragmented) populations are more affected by this limited immigration potential because they are susceptible 
to genetic drift (random loss of genetic diversity) and inbreeding depression overtime (Abernathy et al. 2013, 
p. 25). Fuller and Doyle (2018, p. 1445-1446) suggested mussel population genetic response to habitat 
fragmentation may be a function of lifespan of the species; where those with “long lifespans [e.g., Louisiana 
Pigtoe] benefit from generational overlap that insulates their population from the genetic impacts of habitat 
fragmentation more than species with shorter lifespan life history strategies [e.g., Texas Heelsplitter]”. At the 
species level, populations that are eliminated due to stochastic events cannot be recolonized naturally, leading 
to reduced overall redundancy and representation. 

The confirmed or assumed primary host fish species for both the Louisiana Pigtoe and Texas Heelsplitter are 
known to be common and widespread throughout the range of both mussel species, and are therefore not 
believed to be a limiting factor to dispersal at this time (Nico and Sturtevant 2022, entire; Nico et al. 2022, 
entire; Nico and Fuller 2022, entire; Fuller et al. 2022, entire). Each of the identified fish hosts are known to 
tolerate lacustrine environments and may utilize impoundments as corridors to facilitate migration between 
hydrologically connected tributaries, thus aiding mussel dispersal. If fish host species are indeed abundant, 
existing dams and the construction new major dams and reservoirs, and other barriers to fish movement are 
the primary mechanism in which remaining populations are isolated. Furthermore, reservoir impacts to river 
ecosystems can be difficult and costly to manage or minimize. For instance, it is possible to manage dam 
releases to more closely mimic natural fluctuations in flows to benefit wildlife; however, most reservoirs 
function primarily to provide water supply and/or flood control, and meeting those objectives typically 
involves holding on to as much water as possible (i.e., not releasing); this limits the ability of reservoir 
managers to modify releases for the purpose of meeting wildlife conservation or recovery goals. Although 
dams have been managed to allow fish passage for spawning, to our knowledge, fish passage has not been 
facilitated specifically to allow movement of host fish for the benefit of freshwater mussels, nor would this be 
cost-effective considering host fish for Louisiana Pigtoe and Texas Heelsplitter are believed to be abundant. 
Nevertheless, reservoirs represent a permanent barrier to freshwater mussel dispersal. The overall impact of 
reservoirs is believed to be greater for the Louisiana Pigtoe relative to the Texas Heelsplitter, which is able to 
persist in reservoir conditions although questions remain about their reproductive success in lacustrine 
environments. 

Louisiana Pigtoe & Texas Heelsplitter SSA Report 57 February 2022 



      

   

    
  

   
   

     

     
   

   
   

    
  

 
 

  
  

    
    

  
    

    
     

      
  

  
    

 
    

 
   

  

  
   

     
      

   
     

    
       

  
  

5.E. DIRECT MORTALITY 
Direct mortality includes any activity or event, whether human induced or natural, that results in the death of 
mussels within a localized area due to removal, crushing, burying, consumption, desiccation, or poisoning. 
Potential activities or events causing direct mortality include, but are not limited to, development projects 
(such as bridge replacement, stream channelization, and impoundment construction), undeveloped low-water 
crossings with vehicular traffic that intersect mussel beds, bank collapse, accidental release of hazardous 
materials, predation, vandalism, and collection (whether for scientific purposes, recreation, or by collectors).  
Although we expound on only a subset of possible activities and events that may cause direct mortality in this 
report, the above activities, and others not mentioned, are presumed to occur with some regularity in most 
watersheds occupied by Louisiana Pigtoe and Texas Heelsplitter and impact populations from time to time. 
The frequency, intensity, and magnitude of these impacts likely vary in time and by location, and are difficult 
to quantify with any certainty other than to acknowledge that they exist and negatively affect mussel survival 
to some degree. 

In addition to these anthropogenic activities causing direct mortality, predation on freshwater mussels is a 
natural ecological interaction. Raccoons, muskrats, snapping turtles, and fish are known to prey upon mussels 
(East et al. 2013, p. 692; Walters and Ford 2013, p. 480; Neves and Odom 1989, p. 939). Under natural 
conditions, the level of predation occurring within these mussel species populations is not likely to pose a 
significant risk to any given population. However, during periods of low flow, terrestrial predators have 
increased access to portions of the river that are otherwise too deep under normal flow conditions, resulting in 
unnaturally high levels of predation that can decimate mussel populations. Predation during drought has been 
observed for the Texas Heelsplitter on the Sabine River (Walters and Ford 2013, p. 479). Drought and low 
flow conditions are predicted to occur more often and for longer periods due to the effects of future climate 
change; therefore, the tributaries and upper portions of focal areas for Louisiana Pigtoe and Texas Heelsplitter 
are expected to experience additional predation pressure into the future. Increased predation pressure may 
become especially problematic during summer months due to projected reductions in summer minimum base 
flows (Lafontaine et al. 2019, entire). Predation is expected to be less of a problem for the lower portions of 
the main stem river populations where the rivers are significantly larger than the tributary streams and these 
species are less likely to be located in exposed or very shallow habitats. 

Additionally, certain mussel beds within some populations, due to ease of access, are vulnerable to over-
collection and vandalism. These areas have well known and well documented mussel beds that are often 
sampled multiple times annually by various researchers for various scientific projects. Populations subjected 
to repeated sampling or monitoring may experience increased stress or higher rates of mortality.  Mortality 
may also occur in areas with intense recreation where local fishing enthusiasts have been observed using 
freshwater mussels as bait. The risk of direct mortality from recreation or over collection for scientific 
purposes are compounded by the additional stressors discussed in this chapter, which can influence mussel 
survival in a cumulative manner. Service biologists recently hosted a meeting with State biologists, 
consultants, and academia who are involved in mussel research to discuss ongoing monitoring and scientific 
collections and to reduce the likelihood of over harvesting mussels from any given population (USFWS 2018, 
p.1). We anticipate this collaboration among researchers will continue into the future with ongoing 
coordination and annual meetings. 
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5.F. INVASIVE SPECIES 
Invasive species, such as Asian Clam (Corbicula fluminea), 
Zebra Mussel (Dreissena polymorpha), feral hog (Sus 
scrofa), floating water hyacinth (Eichhornia crassipes), giant 
salvinia (Salvinia molesta), and hydrilla (Hydrilla 
verticillata), occur throughout the range of Louisiana Pigtoe 
and Texas Heelsplitter and can negatively impact mussel 
survival. These impacts include predation (feral hog), habitat 
destruction or modification (feral hog, floating water 
hyacinth, giant salvinia, hydrilla), changes to water quality 
(feral hog, Zebra Mussel), increased resource competition 
(Asian Clam, Zebra Mussel), or physical impairment (Zebra 
Mussel, hydrilla) (Howells 2010a, p. 13; Howells 2010b, pp. 
14-15; Kaller and Kelso 2007, pp. 172-174).  

Asian Clam are common in river basins across the range of 
Louisiana Pigtoe and Texas Heelsplitter, often at high 
densities, and likely compete with native unionids for food, oxygen, physical space, and other environmental 
resources (USGS 2019a, entire; Howells 2010a, p. 13; Howells 2010b, p. 14; Cherry et al. 2005, p. 369). 
However, they are sensitive to low flow, increased silt loads, temperature extremes, and low dissolved 
oxygen, and can experience rapid die-offs (Cherry et al. 2005, p. 369). Tissue decomposition associated with 
Asian Clam die-offs can cause spikes of ammonia in the water column and impact native mussels, especially 
during early life stages (Cherry et al. 2005, pp. 376, 378); Cooper et al. (2005, p. 392) concluded 
concentrations of ammonia in substrate pore water (i.e., water contained in the interstitial spaces located 
between particles comprising the substrate) can be greater than that of the water column during Asian Clam 
die-offs, especially under low flow conditions, potentially impacting glochidia survival. 

Although Zebra Mussel infestations occur in several Texas reservoirs, including Lewisville Lake and Lake 
Livingston, populations have not become established in nearby river habitats occupied by Louisiana Pigtoe 
and Texas Heelsplitter (TPWD 2019, entire; USGS 2019e, entire; Ford et al. 2016, p. 47). The distribution of 
Zebra Mussels may be limited to lacustrine environments in part due to the fragility of Zebra Mussel veligers 
(larval stage) and the higher turbulence and velocities associated with reservoir discharge (Churchill and 
Quigley 2018, p. 1123). Where native mussels and Zebra Mussels co-occur, Zebra Mussels compete with 
native mussels for dissolved oxygen and food resources, although the extent to which this competition limits 
the growth or survival of native mussels is poorly understood. Zebra Mussels reproduce prolifically and attach 
to virtually any surface, including the shells of native mussels, which impedes mobility and further reduces 
resource uptake (Baker and Levinton 2003, p. 98). Native mussels and Zebra Mussels prefer the unicellular 
cyanobacteria Microcystis as a food source; however, native mussels are less efficient at selecting Microcystis 
over less nutritious detritus particles than Zebra Mussels. Therefore, where Zebra Mussels are present, food 
quality available to native mussels decreases, contributing to native mussel mortality (Baker and Levinton 
2003, pp. 103-104). 

Feral hogs occur throughout the range of both mussel species and are known to engage in a variety of 
activities that disturb soils and degrade water quality, including the contribution of waste (i.e., excrement) that 
elevates nutrient and fecal coliform levels within streams and rivers (USDA 2019, entire; Gregory et al. 2014, 
p. 35; Kaller et al. 2007, p. 173). Feral hogs may also consume native mussels in shallow waters (Kaller et al. 
2007, p. 174). Bank and stream bed damage from feral hogs contributes to erosion and increased 
sedimentation, and their presence appears to cause native mussel diversity and abundance to decrease through 
organic enrichment of the water column and unfavorable changes to microbial community composition 
(Howells 2010b, p. 10; Kaller et al. 2007, p. 174).  

Zebra Mussels have attached to this young 
Higgins Eye Pearlymussel, an endangered 
species found in the Mississippi river.  Photo 
by USFWS 
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Invasive macrophyte infestations of floating water hyacinth, hydrilla, and giant salvinia negatively impact 
native mussels and their host fish throughout the southern half of the ranges of Louisiana Pigtoe and Texas 
Heelsplitter by creating hypoxic conditions through respiration and during decay (USGS 2019b, entire; USGS 
2019c, entire; USGS 2019d, entire; Karateyev and Burlakova 2007, p. 298). Dense mats of hydrilla, an 
aquatic plant rooted to substrate, can also impede native mussel movement during periods of fluctuating 
surface water levels, leaving them stranded as water levels recede. In Texas, attempts to control these exotic 
species has led to periodic partial drawdowns of B.A. Steinhagen Lake, a reservoir known to be occupied by 
Texas Heelsplitter (Howells 2010b, p. 14), which likely led to mussel mortalities in areas where substrates 
were exposed for extended periods. 

5.G. CLIMATE CHANGE 
Experts agree climate change has been underway for decades with mounting impacts to humans, wildlife, 
infrastructure, and communities, particularly in coastal areas; continued greenhouse gas emissions at or above 
current rates will cause further warming with broad implications for living organisms across the planet and 
the habitat on which they depend (Intergovernmental Panel on Climate Change (IPCC) 2013, pp. 11-12, IPCC 
2021, pp. 1-13—1-15). Warming in Texas is expected to be greatest in the summer (Maloney et al. 2014, p. 
2236, Fig. 3), with the number of extremely hot days (high temperatures exceeding 95º Fahrenheit) projected 
to double by around 2050 (Kinniburgh et al. 2015, p. 83). The effects of climate change are expected to be 
more pronounced in the naturally dry climates of west Texas (Diffenbaughet al. 2008, p. 3), although impacts 
to water resources are projected throughout the state. Changes in stream temperatures are expected to reflect 
changes in air temperature, at a rate of approximately 0.6 – 0.8°C increase in stream water temperature for 
every 1°C increase in air temperature (Morrill et al. 2005, pp. 1-2, 15), with implications for temperature-
dependent water quality parameters such as dissolved oxygen and ammonia toxicity. Given that freshwater 
mussels in Texas exist at or near the ecophysiogical edge of climate and habitat gradients of unionid 
biogeography in North America, they may be particularly vulnerable to future climate changes in combination 
with current and future stressors (Burlakova et al. 2011a, pp. 156, 161, 163; Burlakova et al. 2011b, pp. 395, 
403). 

While projected changes to rainfall in Texas may seem relatively small (USGCRP 2017, p. 217), higher 
temperatures caused by anthropogenic activity will lead to increased soil water deficits because of higher rates 
of evapotranspiration.  In turn, higher evapotranspiration rates will likely result in increasing drought severity 
in future climate scenarios at a time when “extreme precipitation, one of the controlling factors in flood 
statistics, is observed to have generally increased and is projected to continue to do so across the United 
States in a warming atmosphere” (USGCRP 2017, p. 231). Even if precipitation and groundwater recharge 
remain at current levels, increased groundwater pumping and resulting aquifer shortages due to increased 
temperatures are nearly certain (Loaiciga et al. 2000, p. 193; Mace and Wade 2008, pp. 662, 664-665; Taylor 
et al. 2013, p. 3). 

Higher temperatures are also expected to lead to increased evaporative losses from reservoirs, diminishing 
overall water supply and negatively affecting downstream releases and flows (Friedrich et al. 2018, p. 167). 
Effects of climate change, such as changes to seasonal rainfall patterns, air temperature increases, and 
increases in drought frequency and intensity, have been shown to be occurring throughout the range of 
Louisiana Pigtoe and Texas Heelsplitter (USGCRP 2017, p. 188; Andreadis and Lettenmaier 2006, p. 3); 
these effects are expected to exacerbate several of the stressors discussed above, such as water temperature 
and flow loss (Wuebbles et al. 2013, p. 16). A recent review of future climate projections for Texas concludes 
that both droughts and floods could become more common in east Texas, with droughts like 2011 (the 
warmest on record) becoming commonplace by the year 2100 (Mullens and McPherson 2017, pp. 3, 6). This 
trend of more frequent droughts is driven by increases in hot temperatures (e.g., daily maximum) and the 
number of days projected to be at or above 100°F, which is set to “increase in both consecutive events and the 
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total number of days” (Mullens and McPherson 2017, p. 14-15). Similarly, floods and extreme runoff are 
projected to become more common and severe in the 21st century as the frequency, magnitude and intensity 
of heavy precipitation events increase (Mullens and McPherson 2017, p. 20, USGCRP 2017, p. 224). 

In the analysis of the future condition for Louisiana Pigtoe and Texas Heelsplitter, in Chapter 6, climate 
change is considered further under various plausible future scenarios, serving to exacerbate already 
deteriorating conditions through an increase of fine sediments, changes to water quality, loss of flowing 
water, and predation, among others. 

5.H. SUMMARY 
Our analysis of the past, current, and future variables that influence Louisiana Pigtoe and Texas Heelsplitter 
needs for long-term viability revealed that there are four factors that pose the largest risk to future viability, 
namely degradation of water quality, altered hydrology, substrate changes, and habitat fragmentation; all of 
which are exacerbated by climate change. 

All the factors affecting viability, including degradation of water quality, altered hydrology, changes to 
substrate, habitat fragmentation, direct mortality, and invasive species, are carried forward in Chapter 6 where 
we assess the future condition of Louisiana Pigtoe and Texas Heelsplitter populations and the viability of each 
species as the influence of each factor changes into the foreseeable future. 
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CHAPTER 6 – SPECIES VIABILITY IN THE FUTURE 

This report has considered what Louisiana Pigtoe and Texas Heelsplitter need for viability and the current 
condition of those needs (Chapters 2, 3 and 4), and reviewed the risk factors that are driving the historical, 
current, and future conditions of the species (Chapter 5 and Appendix B). In this Chapter we consider 
potential changes to risk factors in the foreseeable future, and the implications of those changes on the 
viability of each species. In keeping with the SSA framework, we will apply our forecasts using the concepts 
of species resiliency, redundancy, and representation to describe future viability of Louisiana Pigtoe and 
Texas Heelsplitter.  

6.A. INTRODUCTION 

Relative to historical conditions (i.e., historical range), Louisiana Pigtoe and Texas Heelsplitter have declined 
significantly in terms of overall distribution and abundance over the past 100 or more years. Most known 
populations are isolated and currently exist in very low numbers (i.e., low abundance), have limited evidence 
of recruitment, and are believed to occupy much less habitat than in the past (range contraction). Furthermore, 
existing available habitats are experiencing additional stressors and are reduced in terms of water quality and 
quantity relative to historical conditions. 

Efforts to create new infrastructure for flood control and water supply continued throughout the mid-20th 
century, and by 1975 major dams and reservoirs had been constructed in every river basin occupied by 
Louisiana Pigtoe and Texas Heelsplitter; in some cases, multiple reservoirs were established along the same 
river. Only the upper most reaches of a few rivers were spared, including the Calcasieu River population of 
Louisiana Pigtoe, which is currently free of large upstream impoundments. The inundation and subsequent 
alteration of hydrology and sediment dynamics associated with the operation of these flood-control, 
hydropower, and municipal supply reservoirs has resulted in irreversible changes to the natural flow regime of 
these rivers and ultimately re-shaped the aquatic ecosystems they provide, including the fisheries and 
invertebrate communities that depend on them, as well as populations of Louisiana Pigtoe and Texas 
Heelsplitter.  

With the advent of the industrial revolution and before Congress enacted laws like the Clean Water Act to 
protect the environment, adverse water quality impacts were common in many rivers within the range of these 
two freshwater mussel species. Prior to the implementation of modern sanitation, impacts could be severe, 
leading the Texas Department of Health to call the Trinity a “mythological river of death” in 1925 (USGS 
1998, p. 19). Fortunately today, water quality has improved dramatically utilizing enhanced treatment 
technology and centralized wastewater treatment, and fish populations have rebounded, although not to 
historical levels (Perkin and Bonner 2016, p. 97). Nevertheless, water quality in many watersheds remains 
largely altered from pre-industrial revolution condition, and degradation continues to affect mussels and their 
habitats. These impacts become more pronounced during low flow conditions, when water chemistry and 
geomorphological constraints diminish instream habitats. The timing, frequency, and intensity of high flow 
events have also been altered, generating greater shear stress that mobilizes substrates, scours mussel beds, 
and erodes river banks.  

Additionally, while host fish may still be adequately represented in contemporary fish assemblages, access to 
fish hosts can be reduced during critical reproductive times by barriers such as low-water crossings, 
reservoirs, and low-head dams that are relatively common on the landscape. Low flows can lead to 
dewatering of habitats, desiccation of individuals, elevated water temperatures (above 30°C and approaching 
40°C) and other water quality degradations (low dissolved oxygen and elevated TAN), as well as increased 
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exposure to predation. Diminished access to host fish leads to reduced reproductive success just as barriers to 
fish passage impede the movement of fish, and thus compromise the ability of mussels to disperse and 
colonize new habitats following a disturbance (Schwalb et al. 2013, p. 446). Lastly, freshwater mussels have 
long been utilized by humans, for food and bait, for pearls and buttons, for scientific collection, and to create 
artificial pearls; even today rare mussels are vulnerable to human collection (Bogan 1993, pp. 604-5), 
although other threats like habitat modification pose a greater risk.  

Populations of Louisiana Pigtoe and Texas Heelsplitter are faced with a myriad of stressors from natural and 
anthropogenic sources that pose a risk to their survival in both large and small river segments. In Texas, as 
elsewhere, climate change has the noteworthy distinction of being able to directly or indirectly exacerbate the 
most relevant stressors to freshwater mussels wherever they occur. Climate projections suggest persistent 
droughts over the continental United States that are longer, cover more area, and are more intense than what 
has been experienced in the 20th century (APA 2019, pg. 4; Terando et al. 2018, p. 786; Wehner et al. 2017, 
p. 237). Humans are likely to respond to climate change in predictable ways to meet their needs, such as 
increased groundwater pumping and surface water diversions, and increased use of reverse osmosis to treat 
sources of water that are of poor quality (thereby generating increasing volumes of reject wastewater). These 
activities will increase overall demand for freshwater resources at a time when those very resources are 
strained and less abundant (reviewed in Banner et al. 2010, entire). We expect climate change impacts to 
occur throughout the range of both Louisiana Pigtoe and Texas Heelsplitter. 

These risks, acting alone or in combination with each other and climate change, could result in the extirpation 
of additional mussel populations, further reducing the overall redundancy and representation of Louisiana 
Pigtoe and Texas Heelsplitter. Historically, each species, bolstered by large, interconnected populations (i.e., 
with meta-population dynamics), would have been more resilient to stochastic events such as drought, 
excessive sedimentation, and scouring floods. As locations became extirpated by catastrophic events, they 
could be recolonized over time by dispersal from nearby surviving populations, facilitated by movements of 
“affiliate species” of host fish (Douda et al. 2012, p. 536). This connectivity across potential habitats made for 
highly resilient species overall, as evidenced by the long and successful evolutionary history of freshwater 
mussels as a taxonomic group, and in North America in particular. However, under current conditions, 
restoration of that connectivity on a regional scale is not feasible. As a consequence of these current 
conditions, the viability of Louisiana Pigtoe and Texas Heelsplitter now primarily depends on maintaining the 
remaining isolated populations and potentially restoring new populations where feasible. 

6.B. FUTURE SCENARIOS AND CONSIDERATIONS 

Because of significant uncertainty regarding the location, magnitude, and duration of impacts related to flow 
loss, water quality degradation, extreme flooding and scour/substrate mobilizing events, or new impoundment 
construction, we began forecasting future viability for Louisiana Pigtoe and Texas Heelsplitter in terms of 
resiliency, redundancy, and representation under three plausible future scenarios (maintain current trends, 
moderate increase in stressors, and severe increase in stressors). However, during our evaluations it became 
apparent that our approach lacked the resolution to distinguish any meaningful difference between the “maintain 
current trends” and the “moderate increase in stressors” scenarios. As a result, the SSA team decided to limit 
the future forecasts analyzed in this report to two scenarios, a moderate increase in stressors (Scenario 1) and a 
severe increase in stressors (Scenario 2)(Table 6.1). Both scenarios were evaluated at three time intervals into 
the future, where future risks were considered to determine the biological status of mussel populations and their 
habitats in 10, 25, and 50 years. Ten years represents one to two generations of mussels, assuming an average 
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reproductive life span of five to 10 years. Twenty-five years similarly represents at least two to four mussel 
generations and 50 years represents at least five or more generations of mussels. 

Table 6.1. Two future scenarios (moderate and severe increase in stressors) evaluated under associated lower 
and higher climate change emission scenarios (i.e., 4.5 and 8.5 Representative Concentration Pathways (RCP*), 
respectively), at each of three time steps. 

Future Scenario RCP* 10–years 25-years 50-years 

Scenario 1: moderate increase in stressors 4.5 0–10 yrs 10–25 yrs 25–50 yrs 

Scenario 2: severe increase in stressors 8.5 0–10 yrs 10–25 yrs 25–50 yrs 

*RCP = Representative Concentration Pathway Scenario (IPCC 2014, pp. 9, 57) 

The future scenarios included the interactive effects of future climate change through the use of the RCP 4.5 
(lower greenhouse gas emissions trajectory) and RCP 8.5 (higher greenhouse gas emissions trajectory) 
scenarios contributed by the Working Group III to the Fifth Assessment Report and described in the most 
recent Synthesis Report of the Intergovernmental Panel on Climate Change (IPCC 2014, pp. 9, 22, 57). The 
IPCC Report describes four pathways that are representative of alternate trajectories of greenhouse gas 
emissions and the resulting atmospheric concentrations (RCPs) from the year 2000 to 2100 (van Vuuren et al. 
2011, p.5). Scenario 1 assumed RCP 4.5, a medium stabilization scenario where CO2 emissions continue to 
increase through mid-21st century, but then decline and atmospheric carbon dioxide concentrations are 
between 580 and 720 ppm CO2 from 2050 to 2100, representing an approximate +2.5 ºC temperature change 
relative to 1861-80 (IPCC 2014, p. 9, Figure SPM.5). Scenario 2 assumed RCP 8.5 where atmospheric carbon 
dioxide concentrations are above 1000 ppm CO2 between 2050 and 2100, representing an approximate +4.5 
ºC temperature change relative to 1861-80 (IPCC 2014, p. 9, Figure SPM.5). The most recent IPCC Synthesis 
Report projects global temperature change to 2100 and beyond (IPCC 2014, p. 8). A recent study suggests 
that, because of uncertainty in long-run economic growth rates, there is “a greater than 35% probability that 
emissions concentrations will exceed those assumed in the most severe of the available climate change 
scenarios (RCP8.5)” by 2100 (Christensen et al. 2018, p. 1).  

This SSA is based on the following assumptions, which are from the most recent Synthesis Report of the 
IPCC (IPCC 2014, entire) and other scientific studies. The IPCC Synthesis Report considers RCP 4.5 as an 
intermediate scenario and RCP 8.5 as having “very high” greenhouse gas emissions (IPCC 2014, p. 8). Under 
RCP 4.5, current conditions, including a continued trend towards increased warming, frequency and severity 
of extreme weather events, such as droughts and floods, are expected to continue. Global mean surface 
temperature change is projected “more likely than not” to exceed 1.5 ºC by 2100, relative to 1850-1900 (IPCC 
2014, p. 60). Under RCP 8.5, future conditions include a more dramatic increasing trend with more 
significant increases in the frequency and severity of extreme weather events, such as droughts and floods, 
under future climate projections. Global mean surface temperature change is projected “likely” to exceed 2.0 
ºC by 2100, perhaps as high as 4.8 ºC, relative to 1850-1900 (IPCC 2014, p. 60). It is important to remember 
that two of the most powerful environmental forces that influence the presence of living organisms in any 
given area are temperature and the presence of water; therefore, even minor shifts in global temperatures can 
have dramatic effects on species distribution and abundance. Because of the influence of temperature on 
water, including evapotranspiration, climate change is expected to result in drier soils with less runoff and 
under RCP 8.5 by 2100, “no region of the planet is projected to experience significantly higher levels of 
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annual average surface soil moisture…even though much higher precipitation is projected in some regions” 
(USGCRP 2017, pp. 232-8).  

For all IPCC RCP scenarios, extreme precipitation events over most mid-latitude land masses (like North 
America) will very likely become more intense and frequent as global mean surface temperatures increase 
(IPCC 2014, p. 60) and, as such, future temperature and precipitation patterns are likely to become more 
variable and extreme, with drought and flooding events occurring more frequently and with higher severity in 
the southwestern United States (Seager et al. 2007, pp. 1183-4). In the southeastern United States, most rivers 
are projected to experience lower annual minimum 7-day base flows and summer minimum base flows with 
fewer high flow events of longer duration (Lafontaine et al. 2019, entire). The magnitude of these changes is 
expected to increase with time even without increasing greenhouse gas emissions as even steady-state (i.e., no 
change in greenhouse emissions) or slightly reduced emissions would produce increased atmospheric 
concentrations. Given the inertia of the climate system and regardless of future emissions, the risk of flooding 
is expected to increase over the next 25-50 years. These increases in the severity of extreme floods are 
expected to affect human systems (reviewed in Willner et al. 2018, entire; Hirabayashi et al. 2013, entire), as 
well as marine and freshwater ecosystems and the aquatic organisms that depend on them, including 
freshwater mussels and their host fishes. 

Future human demand for water resources, due to projected human population growth and limitations of 
existing supplies, is expected to increase and interact with climate effects to exacerbate the effects of drought 
on surface water resources in Texas. These effects are expected to occur throughout the range of Louisiana 
Pigtoe and Texas Heelsplitter, and are likely to impact the ability of water managers to provide 
“environmental flows” that are designed to provide the minimum flow needed by freshwater mussels and 
other aquatic dependent organisms (Wolaver et al. 2014, pp. 1-2).  

The upper portions of the basins, including tributaries, will be more sensitive to changes in precipitation 
patterns and withdrawals, relative to the lower portions of the basins, where flows are generally larger and are 
supplemented by municipal wastewater (or other) return flows; senior water rights located at the “bottom” of 
the basin also help protect flows in the lower reaches. However, while minimum flows may be maintained, 
other artifacts of altered hydrology may have deleterious effects to mussels and their habitats through altered 
water quality. Changes to sediment transport (more extreme deposition and scour) will also lead to reductions 
in habitat quality and quantity.  

This SSA report evaluates two plausible future scenarios (Table 6.1). Scenario 1 considers a moderate 
increase in stressors resulting in a moderate decline of current conditions projected across the next 10, 25, and 
50 years. Scenario 1 is based on the RCP 4.5 emissions trajectory and associated model projections, and 
represents medium-term increases in emissions followed by a decline through the rest of the century. The 
resulting climate impacts are greater than today but less than under Scenario 2, and indicate an overall 
moderate decline in current Louisiana Pigtoe and Texas Heelsplitter population trends. Scenario 2 projects a 
severe decline in current Louisiana Pigtoe and Texas Heelsplitter population trends and condition categories 
in the future under RCP 8.5 predictions. Further, Scenario 2 also includes anthropogenic actions, such as the 
construction of new reservoirs, wastewater treatment plants, and other currently proposed projects. Scenario 2 
manifests as a future where the hydrological conditions of many of the rivers and streams currently occupied 
by Louisiana Pigtoe and Texas Heelsplitter are altered such that base flows are diminished, floods are more 
severe if not more frequent, and mussels and their habitats are adversely affected through degradation of 
water quality and quantity. These altered hydrological conditions are primarily caused by a combination of 
increasing anthropogenic stressors and climate change. 

We examined the resiliency, representation, and redundancy of Louisiana Pigtoe and Texas Heelsplitter under 
two plausible future scenarios for each of the three time periods. The resiliency of mussel populations 
depends on future conditions providing water of sufficient quality and quantity to meet the life history needs 
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of Louisiana Pigtoe and Texas Heelsplitter and their host fishes. Resiliency requires good water quality, 
flowing water, and suitable substrates because these habitat factors directly influence species reproduction 
and abundance, which determines the amount of occupied habitat. We expect the extant populations of these 
mussel species to experience changes to critical aspects of their habitat in different ways under the different 
scenarios. We projected the future resiliency of each population based on events that were likely to occur 
under each scenario. We then projected the overall condition for each population based on expert opinion and 
anticipated changes to habitat and population factors. For these projections, populations in high (healthy) 
condition are expected to have high resiliency at that time period (i.e., they occupy habitat of sufficient size to 
allow for ebbs and flows in density of mussel beds within the population over time without significantly 
impacting the overall health of the population). Populations in high condition are expected to persist into the 
future (> 90 % chance of persistence beyond 20 years), and they have the ability to withstand stochastic 
events that may occur. Populations in moderate (moderately healthy) condition have lower resiliency than 
those in high condition, but the majority (60–90 %) are expected to persist beyond 20 years. Populations in 
moderate condition are smaller and less dense than those in high condition. Populations in low (unhealthy) 
condition have low resiliency and are not necessarily able to withstand stochastic events. As a result, they are 
less likely to persist beyond 20 years (10–60 % chance). Finally, we considered populations functionally 
extirpated/extirpated when they either lacked individuals (i.e., surveys yielded no observations) or there was 
no evidence of reproduction (functionally extinct); these populations have very low resiliency and have less 
than a 10 % chance of persistence beyond 20 years.  

In an effort to maintain consistency throughout the scenario evaluation process for each Louisiana Pigtoe and 
Texas Heelsplitter population, the SSA team developed a population resiliency model to determine the 
direction and magnitude of change to population resiliency under each future scenario and time step. This 
unweighted additive model, based on the effects pathway flowchart, shows how threats under the different 
scenarios influence habitat factors (habitat structure/substrate, hydrological regime, and water quality), 
population factors (occupied habitat reach length, abundance, and reproduction/recruitment), host fish 
availability, and survival (Figure 6.1). However, if two of the three habitat factors (habitat structure/substrate, 
hydrological regime, or water quality) were determined to be in severe decline, we considered population 
resiliency to also be in severe decline regardless of model output. The final output value represented the 
impact of all forecasted threats to population resiliency. 
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Figure 6.1. Effects pathway flowchart for Louisiana Pigtoe and Texas Heelsplitter. Threats (blue elliptical circles on the left side 
of the chart) influence Habitat Factors (orange boxes in middle) and Population Factors (green circles at right), which ultimately 
determines population resiliency (grey box at far right). White boxes (on far left) provide examples of how a change to one 
threat category can influence other threat categories. 

Inputs to the population resiliency model were determined by SSA team consensus on the projected 
magnitude of change to the six threat categories (water quality, hydrology, habitat structure/substrate, 
fragmentation, direct mortality, and invasive species) and classified as either significant improvement, 
moderate improvement, maintain current trend, moderate decline, or severe decline (see Appendix C, tables 
C.1 and C.2 for classification criteria). Each threat category projection was then assigned a numerical value 
corresponding to the previous classifications. Input values ranged from 2 to -2: where 2 represents significant 
improvement; 1, moderate improvement; 0, maintain current trend; -1, moderate decline; and -2, severe 
decline. The algorithm for the population resiliency model was expressed as follows: 

△Resilience = 5(△wq + △hr + △s + △f) + △m + △i 

Where: △Resilience = change to population resilience 
△wq = threat of changes to water quality 
△hr = threat of changes to hydrological regime 
△s = threat of changes to substrate 
△f = threat of changes to habitat fragmentation 
△m = threat of changes to direct mortality 
△i = threat of changes to invasive species 

Population Resiliency Model assumptions: 
- All threat categories are equal in importance (unweighted); however, those threats (or their products) 

used more frequently in the algorithm have more influence on model output than those used less. 
- Each threat category can influence one or many other threat categories (see fig. 6.1). 
- Current condition was considered to follow a continuing declining trend and additional conservation, if 

implemented, would at best negate the current decline in future scenarios. 

Model output values ranged from 44 to -45, with positive numbers indicative of an overall improvement in 
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population resiliency, 0 indicating no change from current trend, and negative values showing an overall 
decline in population resiliency. Scenarios with two of the three habitat factors (water quality, hydrology, and 
substrate) projected to be in severe decline from the current trend were considered to result in a severe decline 
in population resilience and identified with an output value of -45. Output values were categorized as shown 
in Table 6.2. 

Table 6.2. Population resiliency model output classifications 

Model output Classification 
44 ≥ △Resiliency > 22 Significant improvement in population resiliency 
22 ≥ △Resiliency > 0 Moderate improvement in population resiliency 
△Resiliency= 0 Maintain current population resiliency 

0 > △Resiliency ≥ (-22) Moderate decline in population resiliency 
(-22) > △Resiliency > (-44) Severe decline in population resiliency 
Note: △Resiliency = (-45) indicates two of the three habitat factors are severely 
declining; therefore, △Resiliency = severe decline. 

For each future scenario and time step, the population resiliency model output was compared to the 
population’s current condition, as described in Chapter 4. SSA team consensus was then used to evaluate the 
effect of the projected change in population resilience over time to the current population condition, resulting 
in a projected population condition for each future scenario and time step. 

6.B.1. FUTURE SCENARIO 1 – MODERATE INCREASE IN STRESSORS 

Scenario 1 considers a future with a moderate increase in stressors where conditions moderately decline from 
present trends under current population conditions. Scenario 1 assumes intermediate climate effects, including 
more frequent and intense droughts, where droughts are broken by major flooding. Scenario 1 also considers 
additional groundwater and surface water demands associated with human population growth and decreased 
water availability that is compounded by intermediate climate effects. Reductions in streamflow, due to 
decreased inputs and enhanced evapotranspiration, are expected to occur in all streams and rivers, and those 
effects will likely be more pronounced in the upper basins. 

Scenario 1 considers additional water projects, like new wastewater treatment plant outfalls or proposed new 
reservoirs, only if currently proposed or planned. Under Scenario 1, proposed new reservoirs are constructed 
in the next 10–25 years, and any effects from completion of the associated dams are manifest in the next 25– 
50 years. Necessary routine maintenance as well as repair and replacement of existing old dams occurs in the 
next 10–25 years, and any effects from those repairs are manifest in the next 25–50 years. 

6.B.2. FUTURE SCENARIO 2 – SEVERE INCREASE IN STRESSORS 

Scenario 2 considers a future with a severe increase in stressors where conditions severely decline from the 
status quo (i.e., current conditions). Scenario 2 considers severe climate effects, including more frequent and 
intense droughts, where droughts are broken by major flooding. Scenario 2 considers additional groundwater 
and surface water demands associated with increased human demand and decreased water availability due to 
severe climate effects. Scenario 2 considers additional water projects, like new wastewater treatment plant 
outfalls, even if not currently proposed, as well as possible new reservoirs and other construction projects 
affecting water quality or quantity. 
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6.C. FUTURE VIABILITY (RESILIENCY, REDUNDANCY, AND 
REPRESENTATION) 

This section generally reviews the viability of Louisiana Pigtoe and Texas Heelsplitter under each of the two 
scenarios. The output of the scenarios at each time step (10-years, 25-years, and 50-years into the future) for 
each species, as well as a synopsis of the projected effects to the populations over time are included in 
Appendix C. 

6.C.1. FUTURE SCENARIO 1 – MODERATE INCREASE IN STRESSORS 

Resiliency 

Under Scenario 1, populations of Louisiana Pigtoe and Texas Heelsplitter decline in resiliency over time as 
the factors that are having an influence on populations moderately decline from the present trajectory of the 
estimated current condition (Table 6.4). The effects of current levels of climate change continue to result in 
low streamflows, which lead to increased sedimentation, reduced water quality, and occasional desiccation. 
Population extirpations occur to both species, with only the Cossatot River population of Louisiana Pigtoe in 
moderate condition in 50 years. The remaining populations of both species are in low condition and are 
therefore particularly vulnerable to extirpation. 
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Table 6.4. Condition of Louisiana Pigtoe and Texas Heelsplitter populations under Future Scenario 1 (Moderate 
Increase in Stressors). FE/E = Functionally Extirpated/Extirpated. 

SPECIES 
Representation Areas 

(River Basin) 

POPULATIONS 

(Focal Areas) 
Current Condition 10‐yrs 25‐yrs 50‐yrs 

Texas Heelsplitter Sabine Sabine R/Toledo Bend FE/E FE/E FE/E FE/E 

Texas Heelsplitter Neches Neches R/BA Steinhagen Low Low Low Low 

Texas Heelsplitter Neches Lower Neches R Low Low Low FE/E 

Texas Heelsplitter Trinity Grapevine LK FE/E FE/E FE/E FE/E 

Texas Heelsplitter Trinity Trinity R/Livingston Low Low Low FE/E 

Louisiana Pigtoe Red Little R/Rolling FK Moderate Moderate Low Low 

Louisiana Pigtoe Red Cossatot R High High High Moderate 

Louisiana Pigtoe Red Saline R (Little) Moderate Moderate Moderate Low 

Louisiana Pigtoe Red Lower Little R FE/E FE/E FE/E FE/E 

Louisiana Pigtoe Big Cypress Big Cypress Bayou Moderate Moderate Moderate Low 

Louisiana Pigtoe Calcasieu Upper Calcasieu R Low Low Low FE/E 

Louisiana Pigtoe Pearl Pearl R Low Low Low Low 

Louisiana Pigtoe Sabine Sabine R FE/E FE/E FE/E FE/E 

Louisiana Pigtoe Sabine Bayou Anacoco Moderate Low Moderate Low 

Louisiana Pigtoe Neches Angelina R Low Low Low FE/E 

Louisiana Pigtoe Neches Neches R High High Low Low 

Louisiana Pigtoe Neches Lower Neches R Low Low Low Low 

Louisiana Pigtoe San Jacinto E FK San Jacinto R Low Low Low FE/E 

Redundancy 

Both Louisiana Pigtoe and Texas Heelsplitter lose redundancy under Scenario 1 (Tables 6.4 and 6.5). Under 
our projections, the Louisiana Pigtoe would have one population in moderate condition, seven in low 
condition, and five functionally extirpated or extirpated populations across five representation areas in 50 
years. Of the five populations evaluated for Texas Heelsplitter, all but one (Neches River/B.A. Steinhagen 
population) are projected to become extirpated or functionally extirpated in 50 years under this scenario. 
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Representation 

Under Scenario 1, both Louisiana Pigtoe and Texas Heelsplitter lose two areas of representation, diminishing 
the overall adaptive capacity of each species to future environmental change in the next 50 years (Tables 6.4 
and 6.5). The Louisiana Pigtoe would lose the Upper Calcasieu River and San Jacinto River populations, and 
the Texas Heelsplitter would lose the Sabine River and Trinity River populations. 

Table 6.5. Summary of condition for Louisiana Pigtoe and Texas Heelsplitter populations under Future 
Scenario 1 (Moderate Increase in Stressors). 

Projected condition Number of Louisiana Pigtoe populations (n=13 
within 7 representation areas) 

Number of Texas Heelsplitter populations (n=5 
within 3 representation areas) 

10-year 25-year 50-year 10-year 25-year 50-year 
High 2 1 0 0 0 0 

Moderate 3 3 1 0 0 0 
Low 6 7 7 3 3 1 

Extirpated/ 
functionally extirpated 2 2 5 2 2 4 

Number of representation 
areas 7 7 5 2 2 1 

6.C.2. FUTURE SCENARIO 2 – SEVERE INCREASE IN STRESSORS 

Resiliency 

Under Scenario 2, populations of Louisiana Pigtoe and Texas Heelsplitter would decline in resiliency over 
time as the effects of severe climate change begin to impact populations (Table 6.6). The effects of severe 
climate change result in even lower stream flows, with a proportionally severe increase in sedimentation, 
reduction in water quality, and increase in potential for desiccation of habitat. All Texas Heelsplitter 
populations are projected to become extirpated or remain functionally extirpated in 50 years. A total of seven 
populations of Louisiana Pigtoe are expected to remain functionally extirpated or become extirpated in 50 
years, with the remaining six populations in low condition. The populations that remain in low condition are 
particularly vulnerable to extirpation. 
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Table 6.6. Condition of Louisiana Pigtoe and Texas Heelsplitter populations under Future Scenario 2 (Severe 
Increase in Stressors). FE/E = Functionally Extirpated/Extirpated. 

SPECIES 
Representation Areas 

(River Basin) 
POPULATIONS 
(Focal Areas) 

Current 
Condition 10‐yrs 25‐yrs 50‐yrs 

Texas Heelsplitter Sabine Sabine R/Toledo Bend FE/E FE/E FE/E FE/E 

Texas Heelsplitter Neches Neches R/BA Steinhagen Low Low Low FE/E 

Texas Heelsplitter Neches Lower Neches R Low Low Low FE/E 

Texas Heelsplitter Trinity Grapevine LK FE/E FE/E FE/E FE/E 

Texas Heelsplitter Trinity Trinity R/Livingston Low Low Low FE/E 

Louisiana Pigtoe Red Little R/Rolling FK Moderate Moderate Low Low 

Louisiana Pigtoe Red Cossatot R High High High Low 

Louisiana Pigtoe Red Saline R (Little) Moderate Moderate Low Low 

Louisiana Pigtoe Red Lower Little R FE/E FE/E FE/E FE/E 

Louisiana Pigtoe Big Cypress Big Cypress Bayou Moderate Moderate Moderate Low 

Louisiana Pigtoe Calcasieu‐Mermentau Upper Calcasieu R Low Low Low FE/E 

Louisiana Pigtoe Pearl Pearl R Low Low Low FE/E 

Louisiana Pigtoe Sabine Sabine R FE/E FE/E FE/E FE/E 

Louisiana Pigtoe Sabine Bayou Anacoco Moderate Low Moderate FE/E 

Louisiana Pigtoe Neches Angelina R Low Low Low FE/E 

Louisiana Pigtoe Neches Neches R High High Low Low 

Louisiana Pigtoe Neches Lower Neches R Low Low Low FE/E 

Louisiana Pigtoe San Jacinto E FK San Jacinto R Low Low FE/E FE/E 

Redundancy 

Both Louisiana Pigtoe and Texas Heelsplitter lose redundancy under Scenario 2 with a particularly severe 
outcome for Texas Heelsplitter populations, which are functionally extirpated/extirpated throughout the range 
of the species (Table 6.6 and 6.7). Under our projections, Louisiana Pigtoe would have three remaining 
populations within the Red River basin, one in the Big Cypess-Sulphur basin, and one in the Neches River 
basin in 50 years. The remaining five Louisiana Pigtoe populations are projected to be in low condition and 
vulnerable to extirpation. 
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Representation 

Under Scenario 2, Louisiana Pigtoe lose four of the seven current representation areas in 50 years (Table 6.6 
and 6.7), with eight of 13 populations remaining or becoming functionally extirpated/extirpated; therefore, the 
adaptive capacity and representation of this species is projected to be severely reduced from future 
environmental change. The five populations of Louisiana Pigtoe projected to remain in 50 years are in low 
condition. Texas Heelsplitter are projected to be functionally extirpated/extirpated throughout their range in 
50 years (i.e., extinct), and the remaining Louisiana Pigtoe populations are extremely vulnerable to extinction 
under Scenario 2. 

Table 6.7. Summary of condition of Louisiana Pigtoe and Texas Heelsplitter populations under Future Scenario 
2 (Severe Increase in Stressors). 

Projected condition Number of Louisiana Pigtoe populations (n=13 
within 6 representation areas) 

Number of Texas Heelsplitter populations (n=5 
within 3 representation areas) 

10-year 25-year 50-year 10-year 25-year 50-year 
High 2 1 0 0 0 0 

Moderate 3 2 0 0 0 0 
Low 6 7 5 3 3 0 

Extirpated/ 
functionally extirpated 2 3 8 2 2 5 

Number of representation 
areas 7 6 3 2 2 0 

6.D. STATUS ASSESSMENT SUMMARY 
Using the best available information, this report used scenario planning to develop forecasts of likely future 
conditions of Louisiana Pigtoe and Texas Heelsplitter populations across their current ranges. The goal of this 
report is to describe the viability of each species in terms of resiliency, representation, and redundancy. This 
report considers the possible future condition of each species, and a range of potential scenarios that include 
important influences on the current and future status of Louisiana Pigtoe and Texas Heelsplitter. The results 
of this analysis describe a range of possible future conditions to assess whether or not populations of these 
species are likely to persist into the future.  

Both of these species face a variety of risks from a variety of environmental stressors, including hydrological 
alterations to their habitat (loss of flow leading to dewatering, excessive flows leading to scouring), water 
quality degradation, loss of suitable substrates due to excessive sedimentation and other processes, and 
inundation leading to habitat fragmentation and population isolation. Other factors contribute, or exacerbate 
exposure, to these risks but are not directly driving population condition. These secondary factors include: 
depredation, invasive species, over-collection and/or vandalism, and host fish interactions, among others. 

These risks together substantially affect the future viability of Louisiana Pigtoe and Texas Heelsplitter. If 
population resiliency (the ability to withstand stochastic events and described by demographic factors 
including population size and growth rate) is diminished, populations are more vulnerable to extirpation. 
Population extirpations result in losses to redundancy (the ability of a species to withstand catastrophic 
events) and diminished species representation (important breadth of genetic and ecological diversity).   

Louisiana Pigtoe is currently represented by two high condition populations, four moderate condition 
populations, five low condition populations, and two functionally extirpated/extirpated populations. Given the 
likelihood of climate change and other anthropogenic effects in the foreseeable future, within 50 years we 
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estimate five populations will become (or remain) functionally extirpated/extirpated, seven will be in low 
condition, and one population will be in moderate condition under Scenario 1 (moderate increase in stressors; 
Table 6.5). Under Scenario 2, we estimate eight populations will become (or remain) functionally 
extirpated/extirpated, with five low condition populations remaining within 50 years (severe increase in 
stressors; Table 6.7). 

Texas Heelsplitter is currently represented by three low condition populations, and two functionally 
extirpated/extirpated populations. Given the ongoing effects of climate change and human activities on 
hydrology and habitat quality, within 50 years we estimate only one population will remain in low condition 
while four become (or remain) functionally extirpated or extirpated under Scenario 1 (moderate increase in 
stressors; Table 6.5). Under Scenario 2 we estimate all Texas Heelsplitter populations will become (or 
remain) functionally extirpated/extirpated within 50 years (severe increase in stressors; Table 6.7). 

We recognize our forecasted future conditions under Scenarios 1 and 2 are based on dozens of variables that 
may change in unpredictable ways moving forward, therefore our projections may overestimate or 
underestimate the severity of threats or the actual real-world condition of either species in the future.  
However, we believe our future forecasts are likely to come to fruition without a considerable investment in 
mussel conservation, and perhaps more importantly, a significant reduction in global greenhouse gas 
emissions in the coming decades. 

See Figures 6.2 and 6.3 for a series of maps that represents the forecasted future condition of each population 
by species relative to current condition. Larger maps are provided in Appendix C. 
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 Template for Cause and Effects Evaluation 

THEME: ? 
[ESA Factor(s): ?] Analysis Confidence / Uncertainty Supporting Information 

SOURCE(S) What is the ultimate source of the actions causing the stressor? Ie, Urban Development, 
Oil and Gas Development, Agriculture 

See next page for confidences to 
apply at each step. 

Literature Citations, with page numbers , for each step. 
Use superscript to delineate which statement goes with 
which citation.  These can be repeated per theme, but 
not within a theme.

 - Activity(ies) What is actually happening on the ground as a result of the action? Be specific here. 

STRESSOR(S) What are the changes in environmental conditions on the ground that may be affecting 
the species?  For example, removal of nesting habitat, increased temperature, loss of flow

 - Affected Resource(s) What are the resources that are needed by the species that are being affected by this 
stressor?  Or is it a direct effect on individuals?

 - Exposure of Stressor(s) 
Overlap in time and space.  When and where does the stressor overlap with the resource 
need of the species (life history and habitat needs)?  This is not the place to describe where 
geographically it is occuring, but where in terms of habitat.

 - Immediacy of Stressor(s) What's the timing and frequency of the stressors? Are the stressors happening in the past, 
present, and/or future? 

Changes in Resource(s) Specifically, how has(is) the resource changed(ing)? 

Response to Stressors:
 - INDIVIDUALS 

What are the effects on individuals of the species to the stressor? (May be by life stage)

[Following analysis will determine how do individual effects translate to population and    POPULATION & SPECIES 
species-level responses? 

RESPONSES And what is the  magnitude of this stressor in terms of species viability?] 

Effects of Stressors:
 - POPULATIONS

     [RESILIENCY] 

What are the effects on population characteristics (lower reproductive rates, reduced 
population growth rate, changes in distribution, etc)?

 - GEOGRAPHIC SCOPE 
What is the geographic extent of the stressor relative to the range of the 
species/populations? In other words, this stressor effects what proportion of the 
rangewide populations?

 - MAGNITUDE How large of an effect do you expect it to have on the populations? 

SUMMARY What is the bottom line- is this stressor important to carry forward in your analysis, or is it 
only having local effects, or no effects? 
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This table of Confidence Terminology explains how we characterized our confidence levels in the cause and 
effects tables on the following pages. 

Confidence Terminology Explanation 

Highly Confident 

Moderately Confident 

Somewhat Confident 

Low Confidence 

We are more than 90% sure that this relationship or assumption accurately 
reflects the reality in the wild as supported by documented accounts or 
research and/or strongly consistent with accepted conservation biology 
principles. 

We are 70 to 90% sure that this relationship or assumption accurately 
reflects the reality in the wild as supported by some available information 
and/or  consistent with accepted conservation biology principles. 

We are 50 to 70% sure that this relationship or assumption accurately 
reflects the reality in the wild as supported by some available information 
and/or  consistent with accepted conservation biology principles. 

We are less than 50% sure that this relationship or assumption accurately 
reflects the reality in the wild, as there is little or no supporting available 
information and/or  uncertainty consistency with accepted conservation 
biology principles. Indicates areas of high uncertainty. 
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Theme: Changes to water quality 
[ESA Factor(s): A, E] Analysis Confidence / Uncertainty Supporting Information 

SOURCE(S) 

Population growth, human activity, and changing land uses are the drivers. Examples 
include Urban Development, Oil and Gas Development, Agriculture, confined animal 
feeding operations, etc.¹ 
Attoyac bacteria sources: on-site sewage facilities, wildlife, cattle, dogs, feral hogs, poultry 
litter, hunting camps, horses, and wastewater treatment facilities². 

Highly confident 

¹Ford et al. 2014, p. 9. 
²Gregory et al. 2014, p. xii.

 - Activity(ies) 

Lost ecosystem functionality as forests and grasslands are denuded or converted for other 
uses. Increases in water demand for agriculture and human consumption results in 
increased groundwater pumping, reservoir construction, altered hydrology, and lower 
water quality from point and nonpoint sources. 
Pulp and paper mill effluent may contribute to absence of freshwater mussels near the 
mouth of Anacoco Bayou¹. 
Oil extraction, WWTP effluent, and surrounding agriculture impact E TX rivers². 

Highly confident 

¹Randklev et al. 2013b, p. 272. 
²Williams et al. 2017b, p. 17. 

STRESSOR(S) 

Heavy shell erosion observed in waters with pH = 5.6¹. Erosion, lower streambank stability, 
and lower water quality, which includes a variety of potentially harmful constituents, such 
as changes to basic water chemistry (e.g., increase in temperature (which increases 
toxicity of many pollutants), increase in total dissolved solids/salinity (as measured by 
Conductivity), elevated ammonia and nitrogen, and low dissolved oxygen), persistent, 
bioaccumulative, and toxic substances such as pesticides and trace metals., and 
hormonally active compounds (i.e., emerging contaminants). Tanker truck and other 
transportation related spills can adversely effect water quality3 . 

Highly confident 

¹Burlakova et al. 2012, p. 6. 
2Augspurger et al. 2003, p. 2569. 
3Jones et al. 2001.

 - Affected Resource(s) 
Watershed-level effects can occur, including loss of riparian habitat, increase in invasive 
species, lower biodiversity, altered stream functionality (changes to chemical, physical, 
and biological processes). 

Moderately confident

 - Exposure of Stressor(s) 

Contaminants from point and nonpoint sources, including hazardous spills, may affect 
water quality with magnitude varying by volume of discharge, dilution capacity of 
receiving waters, duration of exposure, life stage of mussel exposed, and whether stressor 
acts in isolation or simultaneously with other stressors that may compound the effects. 
Contaminants in water may be short-term acute exposures resulting in immediate 
mortality, or sub-lethal long-term exposures.  Persistent, bioaccumulative and toxic (PBT) 
compounds may accumulate in sediments, resulting in sediment toxicity.  Contaminants 
may also exert toxicity on host fishes and interfere with life cycle requirements of mussels. 
Sediment pore-water concentrations of NH3 typically exceed that of the surface water¹. 

Highly confident 

¹Augspurger et al. 2003, p. 2574.

 - Immediacy of Stressor(s) 

Varies by stream segment depending on point and nonpoint sources in the watershed, 
hydrology (e.g., frequency of low flow conditions), etc. This has happened in the past, is 
currently happening, and will continue to happen in the future. Although efforts under 
the CWA have generally improved water quality conditions in the U.S. compared to the 
mid-20th century post-industrial era, human population growth along with increasing 
demand for limited water resources, as well as increasing demand for wastewater 
disposal, continues to deteriorate remaining water resources. 

Highly confident 
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Contaminants in water and sediment may inhibit mussel survival, growth and Highly confident Changes in Resource(s) 
reproduction, or that of their host fishes. 
May be sub-lethal, such as inhibiting growth or reproduction, or cause mortality of ¹D. Ford 2013, p. 4. 
individuals. DNA damage occurs in the mussel Unio pictorum , when found downstream of ²Arm et al. 2014, p. 114.Response to Stressors: 

Highly confident paper mills and oil refineries¹. Heavy metals may inhibit glochidial attachment². Juveniles ³Ford et al. 2018, p. 14.- INDIVIDUALS 
more susceptible to anthropogenic disturbances ³. 

[Following analysis will determine how do individual effects translate to population and    POPULATION & SPECIES 
species-level responses? 

RESPONSES And what is the magnitude of this stressor in terms of species viability?] 
Will vary by nature and magnitude of local stressors, but capable of causing population ¹Blakeslee et al. 2013, p. 2853.

Effects of Stressors: declines, lowering resiliency, or even extirpation. Low levels of salinity can have dramatic
Highly confident - POPULATIONS effect on reproduction, physiology, and survival in Elliptio complanata ¹.

     [RESILIENCY] 

Little River: freshwater mussel declines in Little R have been attributed to impoundments ¹Davidson et al. 2014, p. 1. 
and degraded WQ from point source effluents, these impacts likely affect host fish thereby ²Randklev et al. 2013b, p. 272. 
limiting recruitment¹. ³Vidrine 1993. 
Pulp and paper mill effluent may contribute to absence of freshwater mussels near the ⁴WMS 2018, pp. 16, 37. 
mouth of Anacoco Bayou². 5TDSHS 2018. 
Portions of the Calcasieu R impacted by paper mill wastes and sand mining³. ⁶TCEQ 2018a,b. 
Big Cypress CR is listed 303d for elevated Hg in fish tissues, low pH, and low DO. pH ⁷Perkin and Bonner 2016.

Highly confident - GEOGRAPHIC SCOPE impairment may be removed by the state due to the standard being met since 2014; Little 
Cyprees Bayou listed for low DPO and elevated bacteria⁴. Large portions of the Trinity and 
Neches Rivers have legacy contamination, including PCBs and Dioxins (polychlorinated 
dibenzofurans and dibenzo-p-dioxins (PCDFs/PCDDs) in the Trinity, and mercury and 
dioxins in the Neches 5,7 Several lakes along the Sabine River have mercury contamination, 
including Hills Lake, Clear Lake, and Toledo Bend Reservoir (Panola County), as do Big 
Cypress Creek and Caddo Lake⁶. 
Attoyac Bayou: fecal coliforms often exceeded standards in the late 1990s and elevated ¹Gregory et al. 2014, p. xi.Highly confident - MAGNITUDE 
ammonia levels were rountinley observed in 2008¹. 
Carry stressor forward. Not localized or isolated. Highly confident SUMMARY 
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THEME: Changes to hydrology (altered flow regime) 
[ESA Factor(s): A, E] Analysis Confidence / Uncertainty Supporting Information 

SOURCE(S) 
Urban development¹, reservoir operation, agriculture (diversion, ground water extraction, 
etc.) and climate change²  (flood/scour from very large rainfall events). Highly confident 

¹Ford et al. 2014, p. 9. 
²Archambault et al. 2013, p. 230, 
247.

 - Activity(ies) 

Hydroloelectric dam operations¹, out-of-basin water transfers. Climate change is likely to 
result in more extreme flooding and droughts and lead to changes in surface water, soil 
moisture, and groundwater².   

Highly confident 

¹Davidson 2017, p. 3; N. Ford 2013, 
p. 3; Randklev et al. 2013b, p. 272. 
²Taylor et al. 2013, entire. 

STRESSOR(S) 

Altered flow regimes (more frequent peak flows, increased scouring in channel, loss of 
water due to pumping and out-of-basin transfers), inundation of habitat upstream of 
dams, decrease in water temperature down stream of hydroelectric dams¹. 

Highly confident 

¹Randklev et al. 2013b, p. 272.

 - Affected Resource(s) 

Water temperature, stability of stream sediments, stability of stream banks, water 
availability, inundation of stream habitat. 

Moderately confident

 - Exposure of Stressor(s) 

Inundation occurs upstream of dam and seasonally with changing water levels, 
temperature effects of hydroelectric operations occur downstream of dam, altered flows 
due to dam operations primarily occurs downstream of dam, altered flows due to climate 
change, altered flows due to pumping and out-of-basin transfers¹. 

Highly confident 

¹N.Ford 2013, p. 3; Ford et al. 2016, 
p. 47.

 - Immediacy of Stressor(s) 
Impacts from hydroelectric dams can be expected to continue. Water basin transfers are 
likely to increase in the future. Climate change effects are expected to intensify into the 
future. 

Moderately confident 

Changes in Resource(s) 

Unstable banks and substrates, reduction in water temperature downstream of 
hydroelectric dams, fluctuating water levels of impounded areas. 
Changes in flow rates and volume due to impoundments can cause scouring and 
deposition impacting mussels¹. 
Overgrazing since mid-1800's caused loss of vegetative cover and soils, which allows runoff 
from precipitation to increase contributing to scouring in streams; also, changes in rainfall 
patterns to fewer light and moderate showers and longer periods of drought with heavy, 
damaging floods contribute to scouring impacts². 
After inundation, flows are altered which can lead to increased sedimentation, organic 
material deposition, decreased oxygen levels due to lack of flow and increased oxygen 
demand due to decomposition, increase in water depth, a possible lack of suitable 
nutrients available to mussels that may impact reproduction³. 

Moderately confident 

¹Howells 1997, p. 32. 
²Howells 2010a, p. 9. 
³Neck and Howells 1995, p. 14. 
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Response to Stressors:
  - INDIVIDUALS 

High shear stress dislodges small, lightweight juveniles from the substrate without displacing the 
heavier adults¹. 
Oxbows and tribs provide refugia from main channel high flows (BA Steinhagen releases)². 
Excysted juveniles dispersal distance influenced by the magnitude of velocity and velocity gradients³. 
Individuals deposited downstream will likely die. Those smothered with deposited sediment will die. 

Highly confident 

¹Bakken 2013, p. 5. 
²N. Ford 2013, p. 10. 
³Daraio et al. 2012, p. 601.

   POPULATION & SPECIES 
RESPONSES 

[Following analysis will determine how do individual effects translate to population and 
species-level responses? 
And what is the magnitude of this stressor in terms of species viability?] 

Effects of Stressors:
  - POPULATIONS
     [RESILIENCY] 

Diversity and abundance are negatively impacted by hydropower generation in the lower 
Sabine River due to altered flow, temperature, and sediment regimes; sinuosity and 
connectivity with the floodplain may lessen these impacts¹. 

Highly confident 
¹Randklev et al. 2014, pp. 9-10.

 - GEOGRAPHIC SCOPE 

Entire extent of range. 
20km downstream of Pine Creek Dam and Broken Bow Dam¹. In TX, negative correlation 
between human population density and the proportion of rare species in the watershed². 
Flow variability likely accounts for 14% of the variability in mussel community 
composition³. 
Substrate scouring occurred in the uppermost Sabine R mussel sanctuary due to highwater 
releases from LK Tawakoni, beds only found in mid and lower sanctuaries⁴. 
Impoundments constructed in the early 1900s on East FK, Elm FK, West FK, and Clear FK 
Trinity River may have acutely impacted mussel distribution in the DFW area, 
compounded by other anthropogenic impacts⁵. 
Discharge below Toledo Bend Dam is high pulsed during periods of power generation⁶. 
CR- Anthropogenic hydrologic alteration is prevelant throughout the entire range of 
Louisiana pigtoe and Texas heelsplitter.  These systems are impacted by mainstem 
reservoirs, tributary reservoirs, and surfacewater and groundwater extraction. The 
magnitude of the impacts of these flow alterations varies by type, with impacts being 
localized (small weir) or impacting many river miles (large hydropower reservoir). 

Highly confident 

¹Davidson 2017, p. 10. 
²Burlakova et al. 2011b, p. 403. 
³Dascher et al. 2017, p. 3. 
⁴Ford et al. 2009, p. 290-291. 
⁵Randklev 2011, pp. 36-39. 
⁶Randklev et al. 2011, p. 3.

    - MAGNITUDE 

The overall range, and distribution of Louisiana Pigtoe and Texas Heelsplitters have been 
significantly altered due to hydrological alterations, including large hydropower 
operations. These effects of current and historical stressors will persist¹. 

Highly confident 

¹Haag 2012, p. 328-330. 

SUMMARY 
Affects all populations. Carry stressor forward, combine with Hydrology (low flow). These 
reservoirs act as large scale barriers that isolate populations, prevent host fish 
movements, and preclude genetic exchange. 

Highly confident 
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THEME: Changes to hydrology (inundation, low flow conditions) 

[ESA Factor(s): A, E] 
Analysis Confidence / 

Uncertainty 
Supporting Information 

SOURCE(S) Dams, drought, pumping/groundwater extraction, potential climate change Highly confident

 - Activity(ies) 

Municipal and agricultural water demands - Reservoirs throughout the range of both 
species provided municipal water supply.  Southern Neches River water extraction for rice 
and crawfish farming. 
Flood Control -  Reservoirs in Neches Basin (other?) limit number and severity of pulse 
flows. 
Climate Change - May result in periods of extreme drought thus reducing surface flows. 
In one East Texas reservoir [likely BA Steinhagen] that was brought down by 2 m (~6.5 ft) 
every second year, stranded individuals (Texas Heelsplitter) were observered burrowing 
into sand and mud substrates or following the declining water line¹. 

Highly confident 

¹Howells 2010b, p. 3. 

STRESSOR(S) 

Loss of flow due to drought reduces the amount of available habitat as a result of 
narrowing stream bed¹.  Loss of flow results in habitat degradation from lack of pulse 
flows, increase in fine sediment³⁸, DO reduction¹⁵⁶, increased water temperatures⁷, 
increased contaminant exposure⁴, ammonia⁹, stranding of individuals², increased 
exposure to predation¹, and reduction of nutrients into system. 

Highly confident 

¹Golladay et al. 2004, p. 501, 503; 
Haag and Warren 2008, p. 1172-
1173. 
²Howells 2010b, p. 3. 
³Box and Mossa 1999, p. 100. 
⁴Augspurger et al. 2007, p. 2025. 
⁵Sparks and Strayer 1998, pp. 
132–133. 
⁶Johnson 2001. 
⁷Pandolfo et al. 2010. 
⁸Kondolf 1997, pp. 535, 548. 
⁹A t l 2003 2569

 - Affected Resource(s) 
Adequate water quality, wide stream bed, substrate enhancement, cover from predation 

Highly confident

  - Exposure of Stressor(s) 

Low flows result in reduction in anchoring habitat for adults and juveniles, documented 
predator access to adults and juveniles cover from predation¹.  Low flows are important for 
reproduction (egg fertilization, host fish/mussel interaction, juvenile anchoring, glochidia 
niche). 

Highly confident 

¹Thorp and Covich 2010.

 - Immediacy of Stressor(s 

Reservoirs in these stream systems for decades.  Managed water releases from dams 
presently result in extended periods of low flow.  Likely to continue into the future without 
release strategies. Effects of climate change are only expected to increase into the future 
as droughts become more frequent and air temperatures increase, resulting in more 
surface water extraction and additional water demands arise. 

Moderately 
confident 

Louisiana Pigtoe and Texas Heelsplitter Draft SSA Report B-8 May 2020 



 
 

  
 

 
                             

                           

 

 
 

 

 

 

  

 

 

 
 

 
 

 
 

Changes in Resource(s) 
Low flows have reduced available habitat to narrow stream beds, stranded individuals, 
increased exposure to predation.  Additionally may lower fitness or cause mortality due to 
reduced water quality. 

Highly confident 

Response to Stressors:
 - INDIVIDUALS 

Byssus production in juvenile Lampsilis  was more impacted by low flow (drought) regime 
with 93-99% reduction when compared to the watered regime¹. Glochidia survival affected 
by increased water temp². Mortality. Sub-lethal effects³ Highly confident 

¹Archambault et al. 2013, p. 236, 
244. 
²Pandolfo et al. 2010, pg. 961 - 963. 
³Gagnon et al. 2004, p. 675.

   POPULATION & SPECIES 
RESPONSES 

[Following analysis will determine how do individual effects translate to population and 
species-level responses? 
And what is the  magnitude of this stressor in terms of species viability?] 

Effects of Stressors:
 - POPULATIONS
     [RESILIENCY] 

Populations may be reduced or eliminated as a result of habitat loss, reduction in breeding 
age adults from predation, lowered fitness or mortality of all lifestages due to water 
quality/contaminants. 
Thermal stress associated with low water levels -> observed declines in abundance and 
species richness¹. 

Moderately 
confident 

¹Galbraith et al. 2010, p. 1180.

 - GEOGRAPHIC SCOPE 

Toledo Bend tributaries/Sabine R low flow/drought in 2010-2011, many freshwater mussel 
populations in Sabine National Forest were dewatered¹. 
B.A. Steinhagen Reservoir drawdown decimated the largest known P. amphichaenus 
population in 2006 through 2007². This reoccured in 2019. 
LA-Calcasieu, Vermillion, Mermentau, and lower Sabine: Increased water extraction during 
low rainfall periods due to agricultural practices³. 

Moderately 
confident 

¹Arnold et al. 2013, p. 24. 
²Howells 2010b, p. 11, 16. 
³Kelso et al. 2011, p. 14.

 - MAGNITUDE 

High 
E TX rivers are large enough and rainfall is more consistant minimizing impacts due to 
inadequate flow resulting from a lack of precipitation¹. 
Projected TX population growth from 2010 to 2060 is 80% (25 to 46 million), water 
demand increase of ~20%, water supply decrease up to 10% due to groundwater 
depletion². 

Somewhat 
confident 

¹Williams et al. 2017b, p. 17. 
²Wolaver et al. 2014, p. 1081. 

SUMMARY 
As low flows are mostly the result of dams and have altered the natural flow regimes range 
wide for both and can be exacerbated by drought. Affects all populations. Carry stressor 
forward, combine with Hydrology  (flow changes). Highly confident 
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THEME: Changes to substrate (sedimentation) 
[ESA Factor(s):  A, E] Analysis Confidence / Uncertainty Supporting Information 

SOURCE(S) 
Tributary and streambed scouring, streambank erosion, land development and resulting 
erosion of uplands brought by runoff Highly confident

 - Activity(ies) Land use changes¹, urbanization, hydrological modifications Highly confident ¹Arbuckle and Downing 2002, p. 
311; Arm et al. 2014, p. 45. 

STRESSOR(S) 
Filling in of substrate, smothering, toxicity from contaminants bound to substrate 
particles¹. Highly confident 

¹D. Ford 2013, p. 2., Allen and 
Vaughn 2010, p. 383.

 - Affected Resource(s) 

Direct smothering of individuals, changing suitability of anchoring habitat, reducing 
feeding of juveniles¹. Also coarse gravel, cobble moving through system changing habitat. 
Contaminants bound to substrate particles compromising metabolic processes. 

Highly confident 

¹D. Ford 2013, p. 2.

 - Exposure of Stressor(s) Juvenile and adults living in substrate, potential loss of host fish use of habitat¹. Highly confident ¹D.Ford 2013, p. 2.

 - Immediacy of Stressor(s) 
Historical, current, future. After high flow events, as water velocity decreases, particles 
drop to substrate. Highly confident 

Changes in Resource(s) 

Summary statement- fine and coarse sediment moving through system, changing habitat 
for existing pops and preventing recruitment. 
Freshwater mussels require a stable environment due to limited mobility and age of 
sexual maturation¹. 
Observed localized siltation on mussel beds due to riparian clearing². 

¹Randklev et al. 2014, p. 9. 
²Galbraith et al. 2010, p. 1181. 

Response to Stressors:
 - INDIVIDUALS 

Clogged gills, reduced fitness and growth rates, mortality, recruitment failure, changed 
host fish interactions. Highly confident 

¹Sparks and Strayer 1998, p. 129. 
²Box and Mossa 1999, pp. 99, 
100. 
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   POPULATION & SPECIES 
RESPONSES 

[Following analysis will determine how do individual effects translate to population and 
species-level responses? 
And what is the  magnitude of this stressor in terms of species viability?] 

Effects of Stressors:
 - POPULATIONS
     [RESILIENCY] 

Substrate changes can result in population level response- these changes are not highly 
localized.  Can affect recruitment, population growth rates, etc. Poor substrate quality can 
lead to low resiliency¹. 

¹Allen and Vaughn 2010. p. 390.

 - GEOGRAPHIC SCOPE 

Large mussel bed downstream of BA Steinhagen covered by shifting sands due to altered 
flows by dam operations³. 
Large percentage of the mid sanctuary (Sabine R) had severve erosion and numerous 
bankfalls⁴. 
S. Sulphur R was realigned and channelized, N. Sulphur channelized in 1920, 
sedimentation occurring throughout Sulphur R drainage⁵. 
Sandy soils in east TX are subject to any distrubance of natural cover resulting in extensive 
erosion and increased deposition in streams⁶. 
Sabine R below Toledo Bend Reservoir - prevalent substrate is sand⁷. 
Diversity and abundance are negatively impacted by hydropower generation in the lower 
Sabine R. due to altered flow, temperature, and sediment regimes; sinuosity and 
connectivity with the floodplain may lessen these impacts⁸. 
Lower parts of Calcasieu R and Sabine R heavily impacted; "increased sedimentation 
resulting from erosion in adjacent riparian and upland habitats is a common characteristic 
of virtually all streams in southern Louisiana."⁹. 
Portions of the Calcasieu R impacted by paper mill wastes and sand mining¹⁰. 
The mainstem of the Trinity, Neches, and Sabine rivers are on the 303(d) list for 
contaminants.  There is potential for these contaminants to impact survival, growth, and 
reproduction in mussel communities in these systems¹¹. 
In addition to substrate contamination, substrate scouring from increased high flow 
events in the Trinity River is impacting bank stability and sediment along bank habitats 
where TH occurs¹². 
In addition, mainstem reservoirs in the Sabine River have caused downstream declines in 
mussel richness and abundance; one factor for these declines could be changes in 
sediment dynamics¹³¹⁴ 

Moderately Confident 

³N. Ford 2013, pp. 9-10. 
⁴Ford et al. 2009, p. 282. 
⁵Heffentrager 2013, p. 4-5. 
⁶Howells 1997, p. 31. 
⁷Karatayev and Burlakova 2008, p. 
24. 
⁸Randklev et al. 2014, pp. 9-10. 
⁹Kelso et al. 2011, pp. 11-12. 
¹⁰Vidrine 1993. 
¹¹ TCEQ 2018a. 
¹²Randklev et al. 2017b, p. 5. 
¹³Randklev et al. 2015, p. 16. 
¹⁴Ford et al. 2009, p. 290.

 - MAGNITUDE 
Sediment accumulation is a pervasive problem throughout the range of Louisiana Pigtoe 
and Texas Heelsplitters. Highly confident 

¹N. Ford 2013, p. 10. 

SUMMARY 

Sediment accumulation in the substrates occupied by Louisiana Pigtoe and Texas 
Heelsplitters has reduced habitat availability for both species historically and is expected 
to continue.  Conversely, high flows (e.g. flooding) have scoured mussel habitat and 
resulted in bank collapse. These stressors will be carried forward in our analysis of future 
conditions of the species. 

Moderately Confident 
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THEME: Invasive species 
[ESA Factor(s): C] Analysis Confidence / Uncertainty Supporting Information 

SOURCE(S) 

Zebra Mussels, Giant Salvinia, Asian Clam 
Direct competition for resources with Louisiana Pigtoe and Texas Heelsplitter from invasive 
Zebra Mussels.  Habitat alterations from non-native aquatic plants  (i.e. Giant Salvinia, 
Hydrilla, etc…) 

Somewhat confident 

Howells 2010a, p. 13 
Howells 2010b, pp. 14-15 
Kaller et al. 2007, pp. 173-174

 - Activity(ies) 

Zebra Mussels are present in the Trinity and Red River basins in Texas (other river basins in 
the other states as well) and there is potential for them to continue to spread to other river 
basins, or further expansion within basins they are currently present.  Aquatic invasive 
plant species are prevelant throughout the range of Louisiana Pigtoe and Texas 
Heelsplitter. 

Somewhat confident 

Howells 2010a, p. 13 
Howells 2010b, pp. 14-15 
Kaller et al. 2007, pp. 173-174 

STRESSOR(S) 
Hydrilla and Giant Salvinia can become too dense for mussels to use lake habitats and alter 
water quality. Somewhat confident

  - Affected Resource(s) 

Dissolved oxygen reduced due to blocked sunlight and decomposition of plant matter¹. 
Asian Clam die-offs can cause water column ammonia to increase to levels that could 
impact native mussels²³. Somewhat confident 

¹TPWD 2018. 
²Cherry et al. 2005, p. 378; 
³Cooper et al. 2005, p. 392.

  - Exposure of Stressor(s) 
Zebra mussels and exotic macrophytes prefer lacustrine, backwater, and very low flow 
areas in east Texas. Asian clam is most sucessful in flowing water¹. Somewhat confident 

¹Howells 2014, p. 125.

  - Immediacy of Stressor(s) 
Timing and frequency of invasive threats existing today are likley to increase in severity 
over time due to climate change impacts. Somewhat confident 

Changes in Resource(s) Resource competition, degradation of habitat, increased predation. Somewhat confident 
Response to Stressors:
 - INDIVIDUALS 

Reduced food quality due to zebra mussels being more efficient at sorting food particles¹. 
Somewhat confident 

¹Baker and Levinton 2003, p. 103.

   POPULATION & SPECIES 
RESPONSES 

[Following analysis will determine how do individual effects translate to population and 
species-level responses? 
And what is the  magnitude of this stressor in terms of species viability?] 

Effects of Stressors:
 - POPULATIONS
     [RESILIENCY] 

What are the effects on population characteristics (lower reproductive rates, reduced 
population growth rate, changes in distribution, etc)? Somewhat confident 
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 - GEOGRAPHIC SCOPE 

Physical evidence of Zebra Mussels not found in ETX rivers¹. 
Mill CR, LA: Given that hogs spend considerable time near aquatic resources² and appear 
to contribute E. coli into streams, we believe that it is logical that the previously measured 
high fecal coliform counts in the Mill Creek watershed³⁶ were probably the result of the 
large numbers of feral and free-ranging hogs rather than deer, turkeys, beavers, horses, or 
other potential sources.  The DNA data potentially implicate feral hogs as the primary 
source of fecal coliforms that were negatively associated with freshwater mussels and 
important nutrient processing insects in the Mill Creek watershed⁵. Feral hogs appear to 
decrease freshwater mussel (members of the family Unionidae commonly known as pearly 
mussels) diversity and abundance by creating organic enrichment and changes in microbial 
community composition⁵. Feral hogs may compound existing perturbations leading to 
further declines or localized extirpation⁶. 
Invasive aquatic species are prevalant throughout the range of Louisiana Pigtoe and Texas 
Heelsplitter.  Reservoir habitats currently appear to be disproportionately affected by these 
aquatic invasice species so they may impact Texas Heelsplitter populations 
disproportionately. 
Feral hogs destabilize banks, leading to further erosion and sloughing during high flows⁷. 

Somewhat confident 

¹Ford et al. 2016, p. 47. 
²Mersinger and Silvy 2007, p. 
165. 
³Kaller and Kelso 2003. 
⁵Kaller and Kelso 2006. 
⁶Kaller et al. 2007, pp. 173-174. 
⁷Timmons et al. 2011, entire.

 - MAGNITUDE 
Invasives are present throughout the range, though more severe in southern portions. 

Somewhat confident 

SUMMARY Invasives compete directly with mussels for space and food resources, can impact water 
quality, degrade habitat. 

Somewhat confident 
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THEME: Direct mortality 
[ESA Factor(s): A, C, E] Analysis Confidence / Uncertainty Supporting Information 

SOURCE(S) 

For Louisiana pigtoe,  1) human collection for fish bait¹, 2) human collection for scientific 
purposes, 3) dewatering/ dessication, 4) WQ/acute & chronic toxicity. Texas heelsplitter is 
difficult to find and rarely collected in the field so direct mortality by collection is not 
known to be a stressor for the species; however, dewatering/desiccation and WQ/toxicity 
are likely stressors. Mammalian predation. 

Highly Confident 

¹Orsak, personal observation, 
Little River OK, May 2018.

 - Activity(ies) 

1-4) direct mortality.  Decresasing stream flows result in increasing predation by terrestrial 
predators due to increased access, reducing populations. Collection and sampling of both 
species at known sites can impact population sizes. 

Highly Confident 

STRESSOR(S) 

Collection. Increased temperature and loss of flow may contribute to conditions that allow 
collection; increased concern regarding the status of mussels has led to increased interest 
in research, increased funding for studies and increased collection for science, although 
impacts are thought to be minor. Collection for fish bait is believed to be localized but may 
impact affected populations heavily in areas popular for recreational sports. 
Predation on freshwater mussels is a natural ecological interaction.  Raccoons, river otters, 
snapping turtles, and fish are known to prey upon east Texas mussels.  Under natural 
conditions, the level of predation occurring within populations is not likely to be a 
significant risk to that population.  However, during periods of low flow, terrestrial 
predators have increased access to portions of the river that are generally too deep under 
normal flow conditions.  Muskrats and raccoons are known to prey upon live mussels, as 
evidenced by freshly fragmented valves scattered along vegetated riverbank margins. 

Somewhat confident

 - Affected Resource(s) 
Direct on Individuals but currently disease and predation do not appear to be problematic 
to P. riddellii ¹ or P. amphichaenus ². Somewhat confident 

¹Howells 2010a, p. 12. 
²Howells 2010b, p. 13.

 - Exposure of Stressor(s) 

Collection. Scientific collection is not thought to be widespread; the extent to which 
collection for fish bait occurs across the range is unknown. 
Hydrology. Dewatering/desiccation will vary by season, watershed, and climatic 

conditions. 
Water quality and risk of acute or chronic toxicity will vary by location and watershed, 
including land uses and proximity of mussel beds to sources of point and nonpoint 
pollution. Age of exposure will also affect toxicity, with early life stages being most 
vulnerable. 
Predation. As stream flows decline, access by terrestrial predators increases, increasing 
predation rates by raccoons¹ and muskrats². Adults are more susceptible to predation and 
collection than juveniles, as they are larger and easier to find. 

Somewhat confident 

¹Walters and Ford 2013, p. 479. 
²Golladay et al 2004, p. 503. 
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  - Immediacy of 
Stressor(s) 

Mortality of Texas heelsplitter due to predation have been observed during low flow 
periods.  Raccoons have preyed on individual Texas heelsplitters stranded by low waters or 
deposited in shallow water or on bars following flooding or low water periods¹. As drought 
and low flow are predicted to occur more often and for longer periods due to climate 
change, populations are expected to experience additional predation pressure in the 
future. 

Somewhat confident 

¹Walters and Ford 2013, p. 479. 

Changes in Resource(s) Depredated and collected mussels removed from breeding population, thus reducing 
current and potential future number of individuals. 

Highly confident 

Response to Stressors:
 - INDIVIDUALS 

Removal from population and loss of breeding potential 
Highly Confident

   POPULATION & SPECIES 
RESPONSES 

[Following analysis will determine how do individual effects translate to population and 
species-level responses? 
And what is the  magnitude of this stressor in terms of species viability?] 

Effects of Stressors:
 - POPULATIONS

     [RESILIENCY] 

Loss of individuals of both species from combined effect of collection, 
dewatering/desiccation, predation, water quality will result in populations possessing less 
resiliency and increasing risk of extirpation.  Future models predict decreasing water 
volumes/stream flows thus exacerbating current trends. 

Highly Confident

 - GEOGRAPHIC SCOPE 

Mammalian predation at ponds on Camp Maxey was as high as 19%, exacerbated by 
fluctuating water levels¹. 
Sabine R upstream of Toledo Bend: 58 of 79 recently deceased P. amphichaenus  exhibited 
signs of predation, all were <100mm in length, raccoon suspected². 
While the threat of direct mortality extends throughout the entire range of P. riddellii  and 
P. amphichaenus , these specific stressors are limited to specific areas. 

Moderately confident 

¹Burlakova and Karatayev 2007, p. 
291. 
²Walters and Ford 2013, pp. 479-
480.

 - MAGNITUDE 
Predation/collection is an exacerbating factor on populations already under pressure from 
various other stressors.  Could potentially impact some populations reducing resiliency. Somewhat confident 

SUMMARY 

Mortality from dewatering events and resulting dessication are expected to continue for 
some populations of Texas Heelsplitter in reservoirs and Louisiana Pigtoe in agricultural 
and/or municipal canal systems.  Reduced stream flows in the future would expose both 
species to increases in predation.  These effects will be carried forward in our analysis of 
effects to Louisiana Pigtoe and Texas Heelsplitters into the future. Collection for Louisiana 
Pigtoe is localized and could effect populations and is thus carried forward.  Collection for 
Texas Heelsplitter is not expected to have an effect due to its rarity, thus it is not carried 
forward. 

Moderately confident 
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THEME: Fragmentation 
[ESA Factor(s): A, E] Analysis Confidence / Uncertainty Supporting Information 

SOURCE(S) Impoundments, transportation structures, dewatered stream segments. Highly Confident 

- Activity(ies) 
Dam construction, flood control, low-water crossings, reduced flow resulting in barrier to 
movement 

Highly Confident 

STRESSOR(S) 

These activities result in deep impounded waters reducing available streambed habitat² 
as well as function as barriers to host fish movement/disperal upstream and potentially 
downstream of mussel populations thereby isolating populations¹². Impoundments can 
significantly decrease genetic variability in mussel populations overtime, rate of decrease 
influenced by life span³. Isolated populations are susceptible to genetic drift (change of 
gene frequencies in a population over time) and inbreeding depression which may cause 
death, reduced fertility, reduced fitness and morphological chromosomal abnormalities. 

Highly Confident 

¹Watters 1996. p. 83. 
²Newton et al. 2008, p.430. 
³Abernathy et al. 2013, p.25; 
Fuller and Doyle 2018, p. 
1445-1446.. 

- Affected Resource(s) 

Dam construction fragments the range of P. riddellii , leaving remaining habitats and 
populations isolated by the structures as well as by extensive areas of deep uninhabitable, 
impounded waters. Dams impound river habitats throughout almost the entire range of 
the species, and these impoundments have left isolated patches of remnant habitat 
between impounded reaches. While P. amphichaenus  inhabitats reservoirs as well as 
streams, historically the species only occurred in streams and sloughs as lakes/reservoirs 
did not occur naturally within its range¹. 

Highly Confident 

¹Howells 2014, p. 69. 

- Exposure of Stressor(s) 
Impounded Water - permanent stream bed habitat loss to adults and juvenile P. riddellii . 
Barriers - permanently precludes movement of adults, juveniles, glochidia and host fish, 
thereby isolating populations. 

Highly Confident 

- Immediacy of Stressor(s) 

Reservoirs (impounded water plus barrier) have historically and currently acted as 
stressors upon these species. Existing reservoirs will continue to act as stressors into the 
future and proposed new reservoirs could exacerbate current conditions. Impacts from 
these stressors occur in the recent past, present, and expected to continue into the 
future. 

Highly Confident 

Changes in Resource(s) 

As existing populations are isolated from one another, genetic exchange between 
populations has been eliminated and any populations that may be extirpated through 
stochastic events will not be naturally recolonized. 

Moderately Confident 

Response to Stressors:
 - INDIVIDUALS 

Habitat fragmentation acts on the population level. Individuals are unaffected. 
Highly Confident 

POPULATION & SPECIES 
RESPONSES 

[Following analysis will determine how do individual effects translate to population and 
species-level responses? 
And what is the  magnitude of this stressor in terms of species viability?] 

Effects of Stressors:
 - POPULATIONS
 [RESILIENCY] 

Reduced range/distribution due to stream bed loss, lack of gene flow between 
fragmented populations with the potential for genetic drift and/or inbreeding depression. Highly Confident 
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- GEOGRAPHIC SCOPE 
Watersheds throughout the entire range of both species have been fragmented by large 
dams, reservoirs and smaller barriers¹. Highly Confident 

¹Randklev et al. 2016. 

- MAGNITUDE 

Population fragmentation due to barriers to fish movement has occurred for both mussel 
species historically.  Currently and into the future, this fragmentation reduces the ability 
of all populations to rebound from stochastic events. 

Highly Confident 

SUMMARY 

Fragmentation severes gene exchange through a river system, prevents recolonization 
upstream of barriers, reduces available habitat, and increases the number of isolated 
populations. Additional barriers associated with water development are proposed within 
the range of both species. Carry forward in analysis. 

Highly Confident 
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APPENDIX C. DISCUSSION OF FUTURE SCENARIO MODEL FORECASTS, 
EVALUATION CRITERIA AND FUTURE CONDITION TABLES FOR LOUISIANA 
PIGTOE AND TEXAS HEELSPLITTER 
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Appendix C – Discussion of future scenario model forecasts, evaluation criteria and 
future condition tables for Louisiana Pigtoe and Texas Heelsplitter 
Texas Heelsplitter 

The range of the Texas Heelsplitter is currently represented by five focal areas within three river basins: the Sabine River/Toledo Bend 
population in the Sabine River basin; the Neches River/B.A. Steinhagen reservoir and Lower Neches River populations in the Neches River 
basin; and Grapevine Lake and the Trinity River/Lake Livingston in the Trinity River basin. 

Sabine Basin 
Sabine River/Toledo Bend Reservoir Focal Area – Current Condition 
The functionally extirpated Sabine River/Toledo Bend focal area (Table C.2.14) is expected to remain extirpated in the next 50 years in all 
future scenarios. Two segments within the focal area are on the 303(d) list of impaired waterbodies for bacteria. A new poultry processing 
plant has been permitted to release wastewater in the upper portion of the focal area downstream of Lake Tawakoni. Wastewater releases are 
permitted at 2.18 million gallons per day with an ammonia limit of 3.94 mg/L, which is beyond the threshold for freshwater mussel 
tolerances. Water quality degradation is expected as result, despite wastewater dilution from mixing with stream flow. The construction of 
Lake Tawakoni and Toledo Bend Reservoir has impacted natural hydrologic conditions and dam releases causing substrate scouring 
eliminating mussel habitat downstream until sheer stress dissipates. An additional off-channel reservoir in the middle of the focal area and a 
water diversion project are proposed to meet future water demand. When constructed, water quality and hydrologic conditions would further 
degenerate from current conditions. Bank erosion is prevalent throughout the focal area, resulting in elevated inputs of sediment impacting 
suitable substrates for mussel beds. 

Sabine River/Toledo Bend Reservoir Focal Area - Moderate Increase in Stressors 
In the Moderate 10-year scenario (Table C.2.2), the focal area is projected to endure a moderate decline in water quality due to degradation 
resulting from a general increase in point and non-point source discharges, including significant wastewater effluent flows from a new poultry 
processing plant into a portion of the river with documented mussel beds. This degradation in water quality is expected to negatively 
influence overall mussel survival and reproductive success, potentially affecting both mussel and host fish movement, and subsequently 
causing fragmentation of suitable habitat. In some cases, water quality degradation may result in increased direct mortality of Texas 
Heelsplitter, contributing to a moderate decline in this focal area. Changes to hydrology, substrate and invasive species are expected to 
maintain their current condition of moderate decline. The changes to threat conditions described above negatively affected modelled Texas 
Heelsplitter habitat and population factors (i.e., water quality and quantity, host fish availability, reproduction/recruitment, survival, occupied 
habitat, and abundance) resulting in a projected moderate decline in population resiliency (Table C.2.3). 

In the Moderate 25-year scenario (Table C.2.4), moderate declines in water quality, hydrology, substrate, fragmentation, and direct 
mortality are expected to continue in tandem with population growth and associated impacts (e.g., habitat loss, increased demand for water 
supply, and increased generation of wastewater). Declining conditions of water quality, fragmentation, and direct mortality would be 
exacerbated by the effects of climate change. The moderate decline in hydrology is expected, in part, from future predicted reductions in flow, 
as represented by reductions in 7-day minimum flows and summer minimum base flows arising from a changing climate (Lafontaine et al. 
2019, entire). Subsequently, a moderate decline in substrate condition is anticipated as sediments accumulate on mussel beds from a lack of 
adequate cleansing flows. The threat posed by invasive species is expected to maintain current condition. The changes to threat conditions 
described above negatively affected modelled Texas Heelsplitter habitat and population factors (i.e., water quality and quantity, host fish 
availability, reproduction/recruitment, survival, occupied habitat, and abundance) resulting in a projected moderate decline in population 
resiliency (Table C.2.5). 

In the Moderate 50-year scenario (Table C.2.6), moderate declines in water quality, substrate, fragmentation, and direct mortality will 
continue due to the threats described above. Hydrology is expected to severely decline due to climate change, including significant reductions 
in 7-day minimum and summer minimum base flows, as well as the construction of an off-channel reservoir in the middle Sabine River basin; 
these changes to hydrology and flow will further degrade water quality. Threats from invasive species are expected to maintain current 
condition. The changes to threat conditions described above negatively affected modelled Texas Heelsplitter habitat and population factors 
(i.e., water quality and quantity, host fish availability, reproduction/recruitment, survival, occupied habitat, and abundance) resulting in a 
projected severe decline in population resiliency (Table C.2.7). 

Sabine River/Toledo Bend Reservoir Focal Area - Severe Increase in Stressors 
In the Severe 10-year scenario (Table C.2.8), we anticipate moderate declines in water quality in this focal area due to degradation in 
general, and specifically resulting from discharges of effluent from a new poultry processing plant. This degradation in water quality is 
expected to negatively influence overall mussel survival and reproductive success, potentially affecting both mussels and host fish movement, 
and subsequently causing fragmentation of suitable habitat. In some cases, water quality degradation will result in increased direct mortality 
of Texas Heelsplitter, contributing to a moderate decline in this focal area. Changes to hydrology, substrate and invasive species are expected 
to maintain their current condition. The changes to threat conditions described above negatively affected modelled Texas Heelsplitter habitat 
and population factors (i.e., water quality and quantity, host fish availability, reproduction/recruitment, survival, occupied habitat, and 
abundance) resulting in a projected moderate decline in population resiliency (Table C.2.9). 

In the Severe 25-year scenario (Table C.2.10), moderate declines in water quality, substrate, fragmentation, and direct mortality continue. 
Conditions of water quality, fragmentation and direct mortality would be exacerbated by the same stressors described above. A moderate 
decline in substrate condition is expected as sediments accumulate on mussel beds from a lack of adequate cleansing flows. This change in 
substrate condition is correlated with an expected severe decline in hydrological condition from reductions in 7-day minimum flows and 
summer minimum base flows arising from a changing climate in addition to an off-channel reservoir constructed in the middle of the Sabine 
River basin; these changes to hydrology and flow will further degrade water quality. Invasive species condition is expected to maintain 
current condition. The changes to threat conditions described above negatively affected modelled Texas Heelsplitter habitat and population 
factors (i.e., water quality and quantity, host fish availability, reproduction/recruitment, survival, occupied habitat, and abundance) resulting 
in a projected severe decline in population resiliency (Table C.2.11). 
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In the Severe 50-year scenario (Table C.2.12), severe declines in water quality and hydrology are anticipated resulting from increasing 
demands for waters supply and increasing point and non-point source pollution. Changes to flow include an estimated 30% reduction in 
minimum base flows as well as the construction of an off-channel reservoir in the middle Sabine River basin. Moderate declines in substrate, 
fragmentation, and direct mortality are anticipated from the same sources described in the Severe 25-year scenario. Invasive species condition 
is expected to maintain current condition. The changes to threat conditions described above negatively affected modelled Texas Heelsplitter 
habitat and population factors (i.e., water quality and quantity, host fish availability, reproduction/recruitment, survival, occupied habitat, and 
abundance) resulting in a projected severe decline in population resiliency (Table C.2.13). 

Neches Basin 
Neches River/B.A. Steinhagen Focal Area – Current Condition 
The Neches River/B.A. Steinhagen focal area currently has a low probability of persistence. Tributaries and segments of the focal area are on 
the 303(d) impaired water bodies list for dioxin and mercury in edible tissue, bacteria, and depressed dissolved oxygen. Numerous segments 
had concerns for nutrients, particularly ammonia and total phosphorus; however, decreasing trends for these parameters were often observed. 
Stream flows are influenced by Lake Palestine in the upper portion of the focal area and B.A. Steinhagen in the southern portion of the focal 
area. Drawdowns of B.A. Steinhagen resulted in direct mortality of Texas Heelsplitter in 2006 through 2007, and again in 2019. 

Neches River/B.A. Steinhagen Focal Area – Moderate Increase in Stressors 
Change from the current condition is not expected for any threats during the Moderate 10-year scenario (Table C.2.2). Therefore, no change 
in habitat or population factors (i.e., water quality and quantity, host fish availability, reproduction/recruitment, survival, occupied habitat, 
and abundance) is anticipated, and the focal area would maintain current population resiliency (Table C.2.3). 

In the Moderate 25-year scenario (Table C.2.4), moderate declines in water quality, substrate, fragmentation, and direct mortality are 
anticipated. Water quality degradation is expected from a general increase in point and non-point source pollution, with increasing 
concentrations of some pollutants (e.g., ammonia and bacteria) and deleterious effects to basic water chemistry (e.g., dissolved oxygen) that 
can negatively affect mussels; these water quality impacts will be exacerbated by changes to hydrology (i.e., general decrease in natural 
stream flows with some increases to municipal wastewater effluent return flows). Sediment accumulation on mussel beds is projected to 
increase from a lack of adequate cleansing flows. The proposed Rockland Reservoir on the main channel of the Neches River, which would 
function as a fish passage barrier, is anticipated to be operational at this time-step. Direct mortality is expected to increase due to water quality 
degradation, reductions in water volume, and habitat loss from reservoir construction. A severe decline in hydrology is attributed to three 
proposed water delivery projects within the focal area combined with an overall reduction in stream flows. Lake Columbia is an off-channel 
reservoir proposed in the upper portion of the focal area, a run-of river water diversion is proposed for the middle of the focal area, and 
Rockland Reservoir is proposed near the downstream end of the focal area. Additionally, reductions in 7-day minimum flows and summer 
minimum base flows arising from a changing climate are expected. The invasive species factor is expected to maintain current condition. The 
projected moderate and severe decline in habitat and population factors (i.e., water quality and quantity, fish host availability, 
reproduction/recruitment, occupied habitat, and abundance) is expected to result in a severe decline in population resiliency (Table C.2.5). 
Low population condition is anticipated during this time-step. 

In the Moderate 50-year scenario (Table C.2.6), moderate declines in water quality, substrate, fragmentation, and direct mortality are 
expected to continue as the threats discussed in the Moderate 25-year scenario are realized and exacerbated by further reductions in 7-day 
minimum flows and summer minimum base flows arising from a changing climate. Severe declines in host fish availability, 
reproduction/recruitment, occupied habitat, and abundance population factors continue, as well as declines to habitat factors, contributing to a 
projected severe decline in population resiliency (Table C.2.7); however, not to the point of extirpation. Low population condition is expected 
during this time-step. 

Neches River/B.A. Steinhagen Focal Area – Severe Increase in Stressors 
Change from the current low population condition is not expected as no changes to habitat factors occur during the Severe 10-year scenario 
(Table C.2.8). Thus, no change in population factors (i.e., water quality and quantity, host fish availability, reproduction/recruitment, survival, 
occupied habitat, and abundance) is anticipated, and the focal area is projected to maintain its current population resiliency (Table C.2.9). 

In the Severe 25-year scenario (Table C.2.10), moderate declines in water quality, substrate, fragmentation, and direct mortality are 
anticipated. Water quality degradation is expected from a general increase in point and non-point source pollution, with increasing 
concentrations of some pollutants (e.g., ammonia and bacteria) and deleterious effects to basic water chemistry (e.g., dissolved oxygen) that 
can negatively affect mussels; these water quality impacts will be exacerbated by changes to hydrology (i.e., general decrease in natural steam 
flows with some increases to municipal wastewater effluent return flows). Sediment accumulation on mussel beds is projected to increase 
from a lack of adequate cleansing flows. The proposed Rockland Reservoir on the main channel of the Neches River, which would function 
as a fish passage barrier, is anticipated to be operational at this time-step. Direct mortality is expected to increase due to water quality 
degradation, reductions in water volume, and habitat loss from reservoir construction. A severe decline in hydrology is attributed to three 
proposed water delivery projects within the focal area combined with an overall reduction in stream flows. Lake Columbia is an off-channel 
reservoir proposed in the upper portion of the focal area, a run-of river water diversion is proposed for the middle of the focal area, and 
Rockland Reservoir is proposed near the downstream end of the focal area. Additionally, reductions in 7-day minimum flows and summer 
minimum base flows arising from a changing climate are expected. The invasive species factor is expected to maintain current condition. The 
projected moderate and severe decline in habitat and population factors (i.e., water quality and quantity, fish host availability, 
reproduction/recruitment, occupied habitat, and abundance) is expected to result in a severe decline in population resiliency (Table C.2.11). 
Low population condition is anticipated to continue during this time-step. 

In the Severe 50-year scenario (Table C.2.12), moderate declines in substrate, fragmentation, and direct mortality are expected to continue as 
the threats discussed in the Severe 25-year scenario are realized and exacerbated by further changes to hydrology, including reductions in 7-
day minimum flows and summer minimum base flows arising from a changing climate. Both water quality and quantity undergo a severe 
decline as summer minimum base flows are projected to decrease by 30% from present levels (Lafontaine et al. 2019, entire), in addition to 
the other water volume reductions considered in the Severe 25-year scenario. Severe declines in host fish availability, 
reproduction/recruitment, survival, occupied habitat, and abundance population factors, as well as declines to habitat factors, contribute to a 
continuing severe decline in population resiliency (Table C.2.13). Extirpation is expected during this time-step. 
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Lower Neches River Focal Area – Current Condition 
The Lower Neches River focal area currently has a low current condition/probability of persistence. Tributaries and segments of the focal area 
are on the 303(d) impaired water bodies list for dioxin and mercury in edible tissue. Numerous segments had concerns for bacteria, impaired 
habitat, and nutrients, particularly ammonia and total phosphorus; however, decreasing trends for these parameters were often observed. 
Stream flows are influenced by B.A. Steinhagen Reservoir in the upper portion of the focal area. Substrates below the reservoir are subjected 
to sheer stress from water releases, causing shifting sediments to impact mussel beds. No impoundments are proposed within the focal area. 

Lower Neches River Focal Area – Moderate Increase in Stressors 
Change from the current condition is not expected for any threats during the Moderate 10-year scenario (Table C.2.2). Therefore, no change 
in habitat or population factors (i.e., water quality and quantity, host fish availability, reproduction/recruitment, survival, occupied habitat, 
and abundance) is anticipated, and the focal area would maintain current population resiliency (Table C.2.3) and low population condition. 

In the Moderate 25-year scenario (Table C.2.4), moderate declines in water quality, hydrology, and direct mortality are anticipated. Water 
quality degradation is expected from a general increase in point and non-point source pollution, with increasing concentrations of some 
pollutants (e.g., ammonia and bacteria) and deleterious effects to basic water chemistry (e.g., dissolved oxygen) that can negatively affect 
mussels; these water quality impacts will be exacerbated by changes to hydrology (i.e., general decrease in natural stream flows with some 
increases to municipal wastewater effluent return flows). Hydrologic impacts related to climate change, including a reduction in 7-day 
minimum flows and summer minimum base flows, are expected. Direct mortality is expected to increase as a result of these and other changes 
to habitat factors. Substrate, fragmentation and invasive species continue to maintain current condition. The moderate declines in water 
quality and hydrology habitat factors, coupled with moderate declines in population factors (host fish availability, reproduction/recruitment, 
survival, occupied habitat, and abundance) resulted in a projected moderate decline in population resiliency (Table C.2.5). Low population 
condition is anticipated during this time-step. 

In the Moderate 50-year scenario (Table C.2.6), moderate declines in water quality and direct mortality continue due to the same sources 
described in the Moderate 25-year scenario. Hydrologic alterations driven by climate change will experience a severe decline due to further 
reductions in 7-day minimum flows and summer minimum base flows. Substrate, fragmentation and invasive species continue to maintain 
current condition. The moderate declines in water quality and direct mortality combined with the severe decline in hydrology habitat factors, 
along with moderate declines in population factors (host fish availability, reproduction/recruitment, survival, occupied habitat, and 
abundance) resulted in a projected moderate decline in population resiliency (Table C.2.7). Extirpation is expected during this time-step. 

Lower Neches River Focal Area – Severe Increase in Stressors 
Change from the current low population condition is not expected as no change to habitat factors occur during the Severe 10-year scenario 
(Table C.2.8). Therefore, no change in habitat or population factors (i.e., water quality and quantity, host fish availability, 
reproduction/recruitment, survival, occupied habitat, and abundance) is anticipated, and the focal area would maintain current population 
resiliency and low population condition (Table C.2.9). 

In the Severe 25-year scenario (Table C.2.10), moderate declines in water quality, hydrology, and direct mortality are anticipated. Water 
quality degradation is expected from a general increase in point and non-point source pollution, with increasing concentrations of some 
pollutants (e.g., ammonia and bacteria) and deleterious effects to basic water chemistry (e.g., dissolved oxygen) that can negatively affect 
mussels; these water quality impacts will be exacerbated by changes to hydrology (i.e., general decrease in natural stream flows with some 
increases to municipal wastewater effluent return flows). Hydrologic impacts related to climate change, including reductions in 7-day 
minimum and summer minimum base flows, are expected. Direct mortality is expected to increase as a result of these and other changes to 
habitat factors. Substrate, fragmentation and invasive species continue to maintain current condition. The moderate declines in water quality 
and hydrology habitat factors, coupled with moderate declines in population factors (host fish availability, reproduction/recruitment, survival, 
occupied habitat, and abundance), resulted in a projected moderate decline in population resiliency (Table C.2.11). Low population condition 
is anticipated during this time-step. 

In the Severe 50-year scenario (Table C.2.12), both water quality and hydrology undergo severe decline as ongoing water quality 
degradation is exacerbated by a greater than 30% reduction in 7-day minimum flows and summer minimum base flows from present-day 
levels. Direct mortality is expected to continue in moderate decline as a result. Substrate, fragmentation and invasive species continue to 
maintain current condition. The focal area is projected to experience severe declines in water quality and hydrology habitat factors, coupled 
with moderate declines in population factors (host fish availability, reproduction/recruitment, survival, occupied habitat, and abundance) 
(Table C.2.13). Since two of the three habitat factors are in severe decline, the focal area is expected to experience a severe decline in 
population resiliency resulting in extirpation during this time-step. 

Trinity Basin 
Grapevine Lake Focal Area – Current Condition 
The Texas Heelsplitter population in the Grapevine Lake focal area is currently considered functionally extirpated and is expected to remain 
so over the next 50 years in all future scenarios. Lake Grapevine functions as a local water supply source and receives municipal wastewater 
is discharges. The focal area is on the 303(d) impaired water bodies list for pH. The aquatic invasive zebra mussel has been documented in the 
lake. 

Grapevine Lake Focal Area – Moderate Increase in Stressors 
Change from the current condition is not expected for any threats during the Moderate 10-year scenario (Table C.2.2). Therefore, no change 
in population factors (i.e., host fish availability, reproduction/recruitment, survival, occupied habitat, and abundance) is anticipated, and the 
focal area would maintain current population resiliency (Table C.2.3). 

In the Moderate 25-year scenario (Table C.2.4), moderate declines in water quality, hydrology, direct mortality, and invasive species are 
anticipated. Water quality degradation is expected as Grapevine Lake is in a highly urbanized area and thus will be subjected to general 
increasing point and non-point source pollution with increasing concentrations of some pollutants (e.g., ammonia and bacteria) and 
deleterious effects to basic water chemistry (e.g., dissolved oxygen) that can negatively affect mussels. These water quality impacts will be 
exacerbated by changes to hydrology (i.e., general decrease in natural stream flows with some increases to municipal wastewater effluent 
return flows). Lake elevation is expected to fluctuate due to reductions in 7-day minimum flows and summer minimum base flows arising 
from a changing climate in addition to increasing water demand. As water levels fluctuate from hydrologic impacts, direct mortality is 
expected to increase (indicated by a decreasing condition value for direct mortality (Table C.2.5)) from stranding and predation as well as 
from fluctuations in water quality and other habitat factors. Zebra mussels are anticipated to infest Lake Grapevine, resulting in increased 
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competition for space and nutrients. Substrate and fragmentation continue to maintain current condition. The moderate declines in water 
quality and hydrology habitat factors coupled with those for direct mortality and invasive species project to moderate declines in host fish 
availability, reproduction/recruitment, survival, occupied habitat, and abundance population factors resulted in a projected moderate decline 
in population resiliency (Table C.2.5). 

In the Moderate 50-year scenario (Table C.2.6), moderate declines in water quality, direct mortality and invasive species continue due to the 
same sources described in the Moderate 25-year scenario, while hydrology undergoes a severe decline. Hydrologic alterations driven by 
climate change will experience a severe decline due to further reductions in 7-day minimum flows and summer minimum base flows. 
Substrate and fragmentation continue to maintain current condition. The moderate declines in water quality and the severe decline in 
hydrology habitat factors combined with the moderate decline in direct mortality and invasive species project to moderate declines in 
population factors (host fish availability, reproduction/recruitment, survival, occupied habitat, and abundance population) resulting in a 
projected moderate decline in population resiliency (Table C.2.7). 

Grapevine Lake – Severe Increase in Stressors 
Change from extirpated population condition is not expected as no change to habitat factors occur during the Severe 10-year scenario (Table 
C.2.8). Thus, no change in population factors (i.e., host fish availability, reproduction/recruitment, survival, occupied habitat, and abundance) 
is anticipated, and the focal area would maintain current population resiliency (Table C.2.9). 

In the Severe 25-year scenario (Table C.2.10), moderate declines in water quality, hydrology, direct mortality, and invasive species are 
anticipated. Water quality degradation is expected as Grapevine Lake is in a highly urbanized area and would be subjected to general 
increasing point and non-point source pollution with increasing concentrations of some pollutants (e.g., ammonia and bacteria) and 
deleterious effects to basic water chemistry (e.g., dissolved oxygen) that can negatively affect mussels; these water quality impacts will be 
exacerbated by changes to hydrology (i.e., general decrease in natural stream flows with some increases to municipal wastewater effluent 
return flows). Lake elevation is expected to fluctuate due to reductions in 7-day minimum flows and summer minimum base flows arising 
from a changing climate in addition to increasing water demand. As water levels fluctuate, direct mortality is expected to increase from 
stranding and predation as well as from fluctuations in water quality and other habitat factors. Zebra mussels are anticipated to infest Lake 
Grapevine, resulting in increased competition for space and nutrients. Substrate and fragmentation continue to maintain current condition. The 
moderate declines in water quality and hydrology habitat factors coupled with moderate declines for direct mortality and invasive species 
projected to moderate declines in host fish availability, reproduction/recruitment, survival, occupied habitat, and abundance population factors 
resulting in a projected moderate decline in population resiliency (Table C.2.11). 

In the Severe 50-year scenario (Table C.2.12), moderate declines in water quality, direct mortality and invasive species are expected to 
continue, while hydrology undergoes a severe decline. Declines in water quality, direct mortality and invasive species continue due to the 
same sources described in the Severe 25-year scenario. Hydrology is anticipated to experience a severe decline due to further reductions in 7-
day minimum flows and summer minimum base flows arising from a changing climate. Substrate and fragmentation continue to maintain 
current condition. The moderate decline in water quality and the severe decline in hydrology habitat factors coupled with the moderate 
decline in direct mortality and invasive species project to moderate declines in host fish availability, reproduction/recruitment, survival, 
occupied habitat, and abundance population factors resulting in a projected moderate decline in population resiliency (Table C.2.13). 

Trinity River/Lake Livingston – Current Condition 
The Trinity River/Lake Livingston focal area currently has a low current condition/probability of persistence. Point sources are significant in 
the upper Trinity (large daily volumes of treated municipal wastewater discharged), with contaminants typical of effluent dominated waters 
near urban centers and some distance downstream, including elevated nutrients (e.g., nitrogen, phosphorus), dissolved solids, disinfection by-
products, total organic carbon, haloacetic acid, and trihalomethane (TWDB 2015 p. 1.45, 1.46); contaminants of emerging concern like 
pharmaceuticals, fragrances, and musks are also present. Non-point source pollution typical of urban and rural areas also impacts water 
quality. Legacy contamination including dioxins, PCBs, furans, and chlordane have affected large areas of the upper Trinity with fish 
consumption advisories/bans in place. Fluctuations in dissolved oxygen occur; low dissolved oxygen is typically not a problem but can drop 
to levels stressful for fish (2 - 3 mg/L) in some segments during low flows and warm weather; elevated nutrients may cause algal blooms and 
fish kills due to phytotoxins or large diurnal fluctuations in dissolved oxygen (TRA 2018, p. 47). Urban run-off and non-point sources may 
contribute a variety of trace metals (e.g. lead), pesticides, and other pollutants that can harm aquatic life, some of which accumulate in fish 
and other biota (TWDB 2015, p. 1.50). Reservoir development, groundwater drawdown, and return flows of treated wastewater have greatly 
altered natural flow patterns in the focal area. Portions of the focal area are on the 303(d) impaired water bodies list for nutrients, bacteria, 
ammonia and chlorine. Elevated base flows from wastewater returns have resulted in increased shear stress, bank instability, and scouring to 
bedrock in areas (Clark and Mangham 2019, p.13). 

Trinity River/Lake Livingston – Moderate Increase in Stressors 
Change from the current condition is not expected for any threats during the Moderate 10-year scenario (Table C.2.2). Therefore, no change 
in habitat or population factors (i.e., water quality and quantity, host fish availability, reproduction/recruitment, survival, occupied habitat, 
and abundance) is anticipated and the focal area would maintain current population resiliency (Table C.2.3) and maintain low population 
condition. 

In the Moderate 25-year scenario (Table C.2.4), moderate declines in water quality, hydrology, substrate and direct mortality are 
anticipated. Water quality degradation is expected as the Trinity River is impacted by increasing urbanization and a 1.5 times increase in 
water demand; thus, the focal area will be subjected to general increasing point and non-point source pollution with increasing concentrations 
of some pollutants (e.g., ammonia and bacteria) and deleterious effects to basic water chemistry (e.g., dissolved oxygen) that can negatively 
affect mussels. These water quality impacts will be exacerbated by changes to hydrology (i.e., general decrease in natural stream flows with 
some increases to municipal wastewater effluent return flows). Erratic hydrologic conditions are expected due to reductions in 7-day 
minimum flows and summer minimum base flows combined with periods of flooding attributed to urban run-off from increases in impervious 
surfaces and increasingly intense storm events attributed to climate change. These intense high flows are expected to scour the stream bed 
removing suitable mussel substrate habitat. Direct mortality is expected to increase (indicated by a decreasing condition value for direct 
mortality (Table C.2.5)) due to the negative changes in water quality, hydrology and substrate. The moderate declines in water quality, 
hydrology, and substrate habitat factors as well as direct mortality project to moderate declines in population factors (host fish availability, 
reproduction/recruitment, survival, occupied habitat, and abundance) resulting in a projected moderate decline in population resiliency. 
Despite the increase in stressors, the population maintains low condition (Table C.2.5). 
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In the Moderate 50-year scenario (Table C.2.6), severe declines in water quality, hydrology, and direct mortality condition are projected as 
ongoing water quality degradation is exacerbated by increasing water demands and a greater than 30% reduction in 7-day minimum flows and 
summer minimum base flows from present-day levels. Substrate is expected to continue in moderate decline as those threats described in the 
Moderate 25-year scenario continue. Fragmentation and invasive species continue to maintain current condition. The severe declines in direct 
mortality (indicated by a decreasing condition value for direct mortality (Table C.2.7)), as well as in the water quality and hydrology habitat 
factors projected to severe decline for all population factors (host fish availability, reproduction/recruitment, survival, occupied habitat, and 
abundance). A severe decline in resiliency is anticipated, ultimately resulting in extirpation within the time-step of this scenario (Table C.2.7). 

Trinity River/Lake Livingston – Severe Increase in Stressors 
Change from the current low population condition is not expected as no change to habitat factors occur during the Severe 10-year scenario 
(Table C.2.8). Thus, no change in population factors (i.e., host fish availability, reproduction/recruitment, survival, occupied habitat, and 
abundance) is anticipated and the focal area would maintain current population resiliency and maintain low population condition (Table 
C.2.9). 

In the Severe 25-year scenario (Table C.2.10), moderate declines in water quality, hydrology, substrate and direct mortality are expected 
from the same stressors described in the Moderate 25-year scenario, but higher in magnitude. The moderate declines in water quality, 
hydrology, and substrate habitat factors, as well as direct mortality (indicated by a decreasing condition value for direct mortality (Table 
C.2.4)), project to moderate declines in population factors (host fish availability, reproduction/recruitment, survival, occupied habitat, and 
abundance) factors resulting in a projected moderate decline in population resiliency (Table C.2.11). Despite the increase in stressors, the 
population maintains low condition. 

In the Severe 50-year scenario (Table C.2.12), a severe decline in water quality, hydrology, and direct mortality is anticipated from the same 
stressors described in the Moderate 50-year scenario, but with greater magnitude. Substrate is expected to continue in moderate decline as 
those threats described in the Severe 25-year scenario continue. Fragmentation and invasive species continue to maintain current condition. 
The severe declines in direct mortality (indicated by a decreasing condition value for direct mortality (Table C.2.6), as well as in the water 
quality and hydrology habitat factors, projected to severe decline for all population factors (host fish availability, reproduction/recruitment, 
survival, occupied habitat, and abundance)( Table C.2.13). A severe decline in resiliency is anticipated, ultimately resulting in extirpation 
within the time-step of this scenario. 

Louisiana Pigtoe 
The range of the Louisiana Pigtoe is currently represented by 13 focal areas within six river basins: Little River/Rolling Fork, Cossatot River, 
Saline River, Lower Little River and Big Cypress Bayou in the Red River basin; Upper Calcasieu River in the Calcasieu-Mermentau River 
basin; Pearl River in the Pearl River basin; Sabine River and Bayou Anacoco in the Sabine River basin; Angelina River, Neches River and 
Lower Neches River in the Neches River basin; and East Fork San Jacinto River in the San Jacinto River basin. 

Red River Basin 
Little River/Rolling Fork – Current Condition 
The Little River/Rolling Fork focal area currently has a moderate population condition/ probability of persistence. Tributaries and portions of 
the focal area are listed as impaired on the 303(d) list for mercury, zinc, lead, silver, pH, dissolved oxygen, and turbidity. Six wastewater 
permits discharge into the Little River for a combined total of 4.7 million gallons per day. 

Little River/Rolling Fork – Moderate Increase in Stressors 
Change from the current condition is not expected for any threats during the Moderate 10-year scenario (Table C.2.2). Therefore, no change 
in habitat or population factors (i.e., water quality and quantity, host fish availability, reproduction/recruitment, survival, occupied habitat, 
and abundance) is anticipated, and the focal area would maintain current population resiliency (Table C.2.3). 

In the Moderate 25-year scenario (Table C.2.4), moderate declines in hydrology and substrate are anticipated. Changes in hydrologic 
conditions attributed to climate change are expected due to reductions in 7-day minimum flows (13 – 25%) and summer minimum base flows 
(7 – 14%) while the durations of high flow events increase (up to 16%) (Lafontaine et al. 2019, entire). The increasing duration of high flows 
are expected to cause scouring of the stream bed, removing suitable mussel substrate habitat and sediment deposition in mussel beds. Water 
quality, fragmentation, direct mortality, and invasive species continue to maintain current condition. The moderate declines in hydrology and 
substrate habitat factors project to moderate declines in population factors (host fish availability, reproduction/recruitment, survival, occupied 
habitat, and abundance) resulting in a projected moderate decline in population resiliency shifting the population into low condition (Table 
C.2.5). 

In the Moderate 50-year scenario (Table C.2.6), moderate declines in water quality, substrate, fragmentation, and direct mortality are 
expected as hydrology undergoes severe decline as the impacts discussed in the Moderate 25-year scenario intensify, causing cascading 
effects to other habitat factors. Water quality degrades due to increasing concentrations of pollutants attributed to the decline in 7-day 
minimum flows, summer minimum base flows and increasing water demand. Reduction in summer minimum base flows would subject 
substrates to more frequent and profound drying events from channel narrowing or complete loss of flowing water. Periodic fragmentation 
would occur as a result of streambed drying and direct mortality is expected from desiccation and exposure to predators. With the moderate 
decline in water quality, substrate, fragmentation, and direct mortality condition coupled with the severe decline in hydrology, severe declines 
in population factors host fish availability, reproduction/recruitment, occupied habitat, and abundance are projected, resulting in a severe 
decline in population resiliency. Low population condition is anticipated during this time-step (Table C.2.7). 

Little River/Rolling Fork – Severe Increase in Stressors 
Change from the current moderate population condition is not expected as no change to habitat factors occur during the Severe 10-year 
scenario (Table C.2.8). Thus, no change in population factors (i.e., host fish availability, reproduction/recruitment, survival, occupied habitat, 
and abundance) is anticipated, and the focal area would maintain current population resiliency (Table C.2.9). 

In the Severe 25-year scenario (Table C.2.10), moderate declines in hydrology and substrate are anticipated. Changes in hydrologic 
conditions attributed to climate change are expected with a reduction in 7-day minimum flows between 30 – 40% and summer minimum base 
flows 26 – 33%, while durations of high flow events increase up to 16% (Lafontaine et al. 2019, entire). The effects to substrate are 
anticipated to manifest somewhere between the Moderate 25 and 50 year scenarios described above. Water quality, fragmentation, direct 
mortality, and invasive species continue to maintain current condition. The moderate declines in hydrology and substrate habitat factors 
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project to moderate declines in all population factors resulting in a projected moderate decline in population resiliency shifting the population 
into low condition (Table C.2.11). 

In the Severe 50-year scenario (Table C.2.12), severe declines in water quality and hydrology are anticipated from the same stressors 
described in the Moderate 50-year scenario, but greater in magnitude. Water quality degrades due to increasing concentrations of pollutants 
attributed to a 30 – 40% drop in 7-day minimum flows, 26 – 33% drop in summer minimum base flows (Lafontaine et al. 2019, entire) and 
increasing water demand. Flashiness (intense flow of short duration) in the stream system is expected to increase the occurrence of harmful 
shear stresses and sediment deposition, thus a continuation of moderate decline in substrate. With the drop in minimum base flows, 
fragmentation would intensify beyond the level described in the Moderate 50-year scenario. Direct mortality moves to moderate decline as 
desiccation and exposure to predation is expected to increase from streambed narrowing and drying. Invasive species maintains current 
condition. Severe declines in water quality and hydrology coupled with moderate declines in substrate, fragmentation, and direct mortality 
project to severe declines in all population factors (Table C.2.13). It is projected that the upper reaches of the focal area will experience a 
severe decline while more stable conditions in the lower portion will persist avoiding extirpation, thus maintaining the population in low 
condition. 

Cossatot River – Current Condition 
The Cossatot population currently has a high population condition/probability of persistence. No 303(d) impairments are listed for this focal 
area, but mercury in fish tissue is beyond EPA recommended consumption level. More than 60 wastewater permitted facilities, mostly pig 
farms, but also sand/gravel mining are in the focal area. Gillham Lake, upstream of the focal area, alters natural stream flows. 

Cossatot River – Moderate Increase in Stressors 
Change from the current condition is not expected for any threats during the Moderate 10-year scenario (Table C.2.2). Therefore, no change 
in habitat or population factors (i.e., water quality and quantity, host fish availability, reproduction/recruitment, survival, occupied habitat, 
and abundance) is anticipated, and the focal area would maintain current population resiliency (Table C.2.3). 

In the Moderate 25-year scenario (Table C.2.4), a moderate decline in hydrology anticipated. Changes in hydrologic conditions attributed to 
climate change are expected due to reductions in 7-day minimum flows (16 – 21%) and summer minimum base flows (21 – 23%) while a -5% 
decrease in flashiness is expected (Lafontaine et al. 2019, entire). Water quality, substrate, fragmentation, direct mortality, and invasive 
species continue to maintain current condition. Due to the moderate decline in the hydrology habitat factor, moderate declines were projected 
for all population factors which in turn projected a moderate decline in population resiliency. The hydrologic impacts were not deemed 
significant enough to downgrade the population to moderate; therefore, it remains in high condition during this time-step (Table C.2.5). 

During the Moderate 50-year scenario (Table C.2.6), moderate declines in water quality and substrate are expected as hydrology undergoes 
a severe decline as the impacts discussed in the Moderate 25-year scenario intensify, causing cascading effects to other habitat factors. Sand 
and gravel operations in the watershed are expected to contribute sediment into the system affecting water quality. Run-off from concentrated 
animal feeding operations, in this instance hog farms, is expected as well. Water quality degrades due to these inputs and the decline in 7-day 
minimum flows and summer minimum base flows. The combination of decreased flashiness described in the Moderate 25-year scenario and 
expected sediment deposition would impact substrate as cleansing flows become less frequent. Fragmentation, direct mortality, and invasive 
species continue to maintain current condition. With the moderate decline in water quality and substrate coupled with the severe decline in 
hydrology, moderate declines in all population factors are projected to continue. A moderate decline in population resiliency is projected as a 
result with the population downgraded to moderate condition during this time-step (Table C.2.7). 

Cossatot River – Severe Increase in Stressors 
Change from the current high population condition is not expected as no change to habitat factors occur during the Severe 10-year scenario 
(Table C.2.8). Thus, no change in population factors (i.e., host fish availability, reproduction/recruitment, survival, occupied habitat, and 
abundance) is anticipated, and the focal area would maintain current population resiliency (Table C.2.9). 

In the Severe 25-year scenario (Table C.2.10), a moderate decline in hydrology is anticipated. Changes in hydrologic conditions attributed to 
climate change are expected due to reductions in 7-day minimum flows (35 – 42%) and summer minimum base flows (26 – 30%) while a 
reduction in flashiness is expected (Lafontaine et al. 2019, entire). Water quality, substrate, fragmentation, direct mortality, and invasive 
species continue to maintain current condition. Due to the moderate decline in the hydrology habitat factor, moderate declines were projected 
for all population factors which in turn projected a moderate decline in population resiliency (Table C.2.11). The hydrologic impacts were not 
deemed significant enough at this time-step to downgrade the population to moderate; therefore, it remains in high condition. 

During the Severe 50-year scenario (Table C.2.12), a severe decline in hydrology is expected, triggering effects to other habitat factors. 
Water quality and substrate habitat factors degrade to severe decline and moderate decline respectively. The reductions in 7-day minimum 
flows and summer minimum base flows intensify, approaching the upper range discussed in the Severe 25-year scenario. The same affects to 
water quality (increasing concentration on pollutants) and substrate (sediment accumulation on mussel beds) described in the Moderate 50-
year scenario occur. Fragmentation, direct mortality, and invasive species continue to maintain current condition. With the severe decline in 
water quality and hydrology coupled with the moderate decline in substrate, severe declines in host fish availability, reproduction/recruitment, 
occupied habitat, and abundance population factors are projected (Table C.2.13). A severe decline in population resiliency is projected as a 
result with the population downgraded to low condition during this time-step. 

Saline River (Little) – Current Condition 
The Saline River focal area is currently in moderate condition and is expected to decline to low condition for the next 50 years throughout all 
future scenarios. Portions of the focal area are not in attainment for dissolved oxygen. Natural flow conditions have been altered by Dierk’s 
Lake in the upstream portion of the focal area. Although erratic flow is uncommon, prolonged high water is common for flood control. 

Saline River (Little) – Moderate Increase in Stressors 
Change from the current condition is not expected for any threats during the Moderate 10-year scenario (Table C.2.2). Therefore, no change 
in habitat or population factors (i.e., water quality and quantity, host fish availability, reproduction/recruitment, survival, occupied habitat, 
and abundance) is anticipated and the focal area would maintain current population resiliency (Table C.2.3). 

In the Moderate 25-year scenario (Table C.2.4), a moderate decline in hydrology is anticipated. Changes in hydrologic conditions attributed 
to climate change are expected due to reductions in 7-day minimum flows (18 – 25%) and summer minimum base flows (16 – 19%) 
(Lafontaine et al. 2019, entire). Water quality, substrate, fragmentation, direct mortality, and invasive species continue to maintain current 
condition. Due to the moderate decline in the hydrology habitat factor, moderate declines were projected for all population factors which in 
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turn projected a moderate decline in population resiliency. The hydrologic impacts were not deemed significant enough to downgrade the 
population to low condition (Table C.2.5). 

In the Moderate 50-year scenario (Table C.2.6), moderate declines in water quality and substrate are expected as the hydrology undergoes 
severe decline as the impacts discussed in the Moderate 25-year scenario intensify, causing cascading effects to other habitat factors. Water 
quality degradation due to increasing concentrations of some pollutants (e.g., ammonia and bacteria) and deleterious effects to basic water 
chemistry (e.g., dissolved oxygen) that can negatively affect mussels are attributed to the decline in 7-day minimum flows, summer minimum 
base flows and increasing water demand. Reduction in summer minimum base flows would subject substrates to more frequent and profound 
drying events from channel narrowing or complete loss of flowing water. With the moderate decline in water quality and substrate coupled 
with the severe decline in hydrology, moderate declines in population factors host fish availability, reproduction/recruitment, occupied 
habitat, and abundance are projected, resulting in a moderate decline in population resiliency. The hydrologic impacts were not deemed 
significant enough to downgrade the population low condition to extirpated (Table C.2.7). 

Saline River (Little) – Severe Increase in Stressors 
In the Severe 10-year scenario (Table C.2.8), no changes from the current condition are expected. Therefore, no change in habitat or 
population factors is anticipated, and the focal area would maintain current population resiliency (Table C.2.9). 

In the Severe 25-year scenario (Table C.2.10), a moderate decline in hydrology is anticipated. Changes in hydrologic conditions attributed to 
climate change are expected due to reductions in 7-day minimum flows (33 – 40%) and summer minimum base flows (28 – 33%) while a 
reduction in flashiness is expected (Lafontaine et al. 2019, entire). Water quality, substrate, fragmentation, direct mortality, and invasive 
species continue to maintain current condition. Due to the moderate decline in the hydrology habitat factor, moderate declines were projected 
for all population factors which in turn projected a moderate decline in population resiliency (Table C.2.11). The hydrologic impacts were 
deemed significant enough at this time-step to downgrade the population to low condition. 

During the Severe 50-year scenario (Table C.2.12), a severe decline in hydrology is expected, triggering effects to other habitat factors. 
Severe decline in water quality is anticipated, as substrate and fragmentation habitat factors undergo moderate decline. The reductions in 7-
day minimum flows and summer minimum base flows intensify, approaching the upper range discussed in the Severe 25-year scenario. The 
affects to water quality (increasing concentration on pollutants) and substrate (sediment accumulation on mussel beds) described in the 
Moderate 50-year scenario occur with more intensity. Decreased flashiness described in the Moderate 25-year scenario would affect substrate 
as cleansing flows become less frequent. With the drop in summer minimum base flows, fragmentation is expected due to episodic stream bed 
drying. Direct mortality and invasive species continue to maintain current condition. With the severe decline in water quality and hydrology 
coupled with the moderate decline in substrate and fragmentation, severe declines in host fish availability, reproduction/recruitment, occupied 
habitat, and abundance population factors are projected (Table C.2.13). A severe decline in population resiliency is projected, but impacts 
were not deemed significant enough at this time-step to downgrade the population to extirpated; therefore, it remains in low condition. 

Lower Little River Focal Area – Current Condition 
The Louisiana Pigtoe population in the Lower Little River focal area is currently considered functionally extirpated and is expected to remain 
so over the next 50 years in all future scenarios. A portion of the focal area is on the 303(d) impairment list for temperature. 

Lower Little River Focal Area – Moderate Increase in Stressors 
Change from the current condition is not expected for any threats during the Moderate 10-year scenario (Table C.2.2). Therefore, no change 
in habitat or population factors is anticipated and the focal area would maintain current population resiliency (Table C.2.3). 

In the Moderate 25-year scenario (Table C.2.4), a moderate decline in hydrology is anticipated. Changes in hydrologic conditions attributed 
to climate change are expected due to reductions in 7-day minimum flows (19%) and summer minimum base flows (12%) (Lafontaine et al. 
2019, entire). Releases from Millwood Lake dam are expected to buffer losses from minimum base flows described above. Water quality, 
substrate, fragmentation, direct mortality, and invasive species continue to maintain current condition. Due to the moderate decline in the 
hydrology habitat factor, moderate declines were projected for all population factors which in turn projected a moderate decline in population 
resiliency (Table C.2.5). 

During the Moderate 50-year scenario (Table C.2.6), a moderate decline in hydrology is persists. Changes in hydrologic conditions 
described in the Moderate 25-year scenario intensify (Lafontaine et al. 2019, entire), and releases from Millwood Lake dam continue to buffer 
losses from minimum base flows described above. Water quality, substrate, fragmentation, direct mortality, and invasive species maintain 
current condition. Due to the moderate decline in the hydrology habitat factor, moderate declines were projected for all population factors 
which in turn projected a moderate decline in population resiliency (Table C.2.7). 

Lower Little River – Severe Increase in Stressors 
In the Severe 10-year scenario (Table C.2.8), no changes from the current condition are expected. Therefore, no change in habitat or 
population factors is anticipated, and the focal area would maintain current population resiliency (Table C.2.9). 

In the Severe 25-year scenario (Table C.2.10), a moderate decline in hydrology is anticipated. Changes in hydrologic conditions attributed to 
climate change are expected due to reductions in 7-day minimum flows (39%) and summer minimum base flows (29%) (Lafontaine et al. 
2019, entire). Releases from Millwood Lake dam are expected to buffer losses from minimum base flows described above. Water quality, 
substrate, fragmentation, direct mortality, and invasive species maintain current condition. Due to the moderate decline in the hydrology 
habitat factor, moderate declines were projected for all population factors which in turn projected a moderate decline in population resiliency 
(Table C.2.11). 

During the Severe 50-year scenario (Table C.2.12), severe declines in water quality and hydrology are anticipated from the same stressors 
described in the Severe 25-year scenario, but greater in magnitude. Water quality degradation due to increasing concentrations of some 
pollutants (e.g., ammonia and bacteria) and deleterious effects to basic water chemistry (e.g., dissolved oxygen) that can negatively affect 
mussels are attributed to the decline in 7-day minimum flows, summer minimum base flows and increasing water demand. Reductions in 7-
day minimum flows and summer minimum base flows are projected to decrease near or above 30%. Releases from Millwood Lake dam 
supplements some loss from minimum base flows described above. Substrate, fragmentation, direct mortality, and invasive species maintain 
current condition. Due to the severe decline in the water quality and hydrology habitat factors, severe declines were projected for all 
population factors which in turn projected a severe decline in population resiliency (Table C.2.13). 
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Big Cypress Bayou – Current Condition 
The Big Cypress Bayou focal area currently has a moderate population condition/probability of persistence. A portion of the focal area (Texas 
River Segment 0402) was identified on the Texas §303(d) List as having elevated mercury in fish tissue, low pH, and depressed dissolved 
oxygen in 1998, 2000, and 2010, respectively. The impairments remained on the 2014 Texas §303(d) List. However, pH samples collected 
since 2014 show that the standard is being met and Texas River Segment 0402 was removed from the 2016 §303(d) List. Another portion 
(Texas River Segment 0409) was identified as impaired for low levels of dissolved oxygen in 2000 and for elevated bacteria (E. coli) levels in 
2006. The 2014 and 2016 Texas §303(d) Lists confirmed the impairment. Data collected since 2014 indicate elevated bacteria and low 
dissolved oxygen levels are still present. Multiple wastewater treatment plants discharge effluent into the focal area. Voluntary instream flows 
for Cypress Basin are in place, but the strategies to meet future water needs of regional water plans and the State Water Plan are not to be 
limited by these voluntary goals for instream flows. On-channel Lake of the Pines and Lake Bob Sandlin upstream of focal area have altered 
natural stream flow conditions.  A proposed reservoir could affect flows in the focal area (Little Cypress Reservoir), but the North East Texas 
Regional Water Planning Group does not recommend the designation of the potential reservoir site as a unique reservoir site. The 
invasive/exotic aquatic plant Giant salvinia is established in this watershed. 

Big Cypress Bayou – Moderate Increase in Stressors 
Change from the current condition is not expected for any threats during the Moderate 10-year scenario (Table C.2.2). Therefore, no change 
in habitat or population factors (i.e., water quality and quantity, host fish availability, reproduction/recruitment, survival, occupied habitat, 
and abundance) is anticipated, and the focal area would maintain current population resiliency (Table C.2.3). 

In the Moderate 25-year scenario (Table C.2.4), a moderate decline in hydrology is anticipated. Changes in hydrologic conditions attributed 
to climate change are expected due to reductions in 7-day minimum flows (20 – 23%) and summer minimum base flows (16 – 29%) 
(Lafontaine et al. 2019, entire). Water quality, substrate, fragmentation, direct mortality, and invasive species maintain current condition. Due 
to the moderate decline in the hydrology habitat factor, moderate declines were projected for all population factors which in turn projected a 
moderate decline in population resiliency. The hydrologic impacts were not deemed significant enough to downgrade the population to low 
condition (Table C.2.5). 

In the Moderate 50-year scenario (Table C.2.6), moderate declines in water quality and direct mortality are expected as the hydrology 
undergoes severe decline as the impacts discussed in the Moderate 25-year scenario intensify, causing cascading effects to other habitat 
factors. Water quality degrades due to anthropogenic alterations affecting total maximum daily loads, conductivity and other pollutants 
attributed to the decline in 7-day minimum flows, summer minimum base flows and increasing water demand. Channel narrowing or 
complete loss of flowing water due to the reduction in summer minimum base flows would cause desiccation and increased exposure to 
predation. With the moderate decline in water quality and direct mortality coupled with the severe decline in hydrology, moderate declines in 
population factors host fish availability, reproduction/recruitment, occupied habitat, and abundance are projected, resulting in a moderate 
decline in population resiliency. Therefore, the population is downgraded to low condition during this time-step (Table C.2.7). 

Big Cypress Bayou – Severe Increase in Stressors 
In the Severe 10-year scenario (Table C.2.8), no changes from the current condition are expected. Therefore, no change in habitat or 
population factors is anticipated, and the focal area would maintain current population resiliency (Table C.2.9). 

In the Severe 25-year scenario (Table C.2.10), a moderate decline in hydrology is anticipated. Changes in hydrologic conditions attributed to 
climate change are expected due to reductions in 7-day minimum flows (27 – 35%) and summer minimum base flows (30 – 40%) (Lafontaine 
et al. 2019, entire) as well as increasing water demand. Water quality, substrate, fragmentation, direct mortality, and invasive species continue 
to maintain current condition. Due to the moderate decline in the hydrology habitat factor, moderate declines were projected for all population 
factors which in turn projected a moderate decline in population resiliency (Table C.2.11). The hydrologic impacts were not deemed 
significant enough at this time-step to downgrade the population; therefore, it remains in moderate condition. 

During the Severe 50-year scenario (Table C.2.12), severe declines in water quality and hydrology are anticipated from the same stressors 
described in the Severe 25-year scenario, but greater in magnitude. Water quality degradation due to increasing concentrations of some 
pollutants (e.g., ammonia and bacteria) and deleterious effects to basic water chemistry (e.g., dissolved oxygen) that can negatively affect 
mussels are attributed to the decline in 7-day minimum flows, summer minimum base flows and increasing water demand. Reductions in 7-
day minimum flows and summer minimum base flows are projected to decrease < 30% increasing probability of desiccation and exposure to 
predation.  Substrate, fragmentation, and invasive species maintain current condition. Due to the severe decline in the water quality and 
hydrology habitat factors, moderate declines were projected for all population factors. Because two of the three habitat factors are in severe 
decline, the focal area is expected to experience a severe decline in population resiliency resulting in low condition during this time-step 
(Table C.2.13). 

Calcasieu-Mermentau River Basin 
Upper Calcasieu River – Current Condition 
The Upper Calcasieu River focal area currently has a low current condition/probability of persistence. It is listed as impaired on the 303(d) list 
for pH and fecal coliform. Sources of point and non-point pollution include municipal wastewater discharges, paper mill effluent, and 
sand/gravel mining. Calcasieu River within the focal area is designated under Louisiana’s Natural and Scenic River System. These waterways 
are protected by a permit process, and there are certain prohibitions against channelization, impoundment construction, and channel 
realignment.  Continued population growth at the historical rate will likely increase demand for high-quality water supplies for both public 
supply and industrial uses. Increased water extraction during low rainfall periods to supply local agricultural practices is anticipated.  

Upper Calcasieu River Focal Area – Moderate Increase in Stressors 
Change from the current condition is expected for hydrology and fragmentation during the Moderate 10-year scenario (Table C.2.2). 
Removal of a low-head dam in the upper portion of the focal area is planned and is anticipated to improve hydrologic conditions and remove 
a fish passage barrier, thus decreasing fragmentation in the system. All other threats maintain current condition. With the dam removal, 
moderate improvements to hydrology and habitat structure/substrate habitat factors are expected as stream flows return to more natural 
conditions. Moderate improvements to all population factors are anticipated as a result and a moderate improvement in population resiliency 
is projected. The population maintains its low condition despite the improving habitat and population factors as they merely buffer effects 
from other threats to habitat factors described above (Table C.2.3).        

In the Moderate 25-year scenario (Table C.2.4), a moderate decline in hydrology is anticipated while the moderate improvement to 
fragmentation continues. Changes in hydrologic conditions attributed to climate change are expected due to reductions in 7-day minimum 
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flows of 23% and summer minimum base flows of 37% (Lafontaine et al. 2019, entire) while demands for surface and groundwater continue 
their current trend. Positive biological and hydrological responses from reduced fragmentation are expected. Water quality, substrate, direct 
mortality, and invasive species maintain current condition. With the moderate decline in the hydrology and moderate improvement in 
fragmentation habitat factors, all population factors are projected to maintain current condition. The focal area would maintain current 
population resiliency, with the population remaining in low condition (Table C.2.5).  

In the Moderate 50-year scenario (Table C.2.6), moderate declines in water quality and substrate are expected as the hydrology undergoes 
severe decline as the impacts discussed in the Moderate 25-year scenario intensify, causing cascading effects to other habitat factors. Water 
quality degradation due to increasing concentrations of some pollutants (e.g., ammonia and bacteria) and deleterious effects to basic water 
chemistry (e.g., dissolved oxygen) that can negatively affect mussels are attributed to the decline in 7-day minimum flows, summer minimum 
base flows and increasing water demand. Reduction in summer minimum base flows would subject substrates to more frequent and profound 
drying events from channel narrowing or complete loss of flowing water as well as sediment accumulation on mussel beds from a lack of 
adequate cleansing flows. With the moderate decline in water quality and substrate coupled with the severe decline in hydrology, moderate 
declines in all population factors are projected, resulting in a moderate decline in population resiliency. Extirpation of the population is 
projected during this time-step (Table C.2.7). 

Upper Calcasieu River – Severe Increase in Stressors 
Change from the current condition is expected for hydrology and fragmentation during the Severe 10-year scenario (Table C.2.8). Moderate 
improvements to both habitat factors are expected from the reduced threats described in the Moderate 10-year scenario. The population 
maintains low condition despite improving habitat and population factors as they merely buffer effects from the other threats to habitat factors 
described in the Moderate Increase in Stressors section (Table C.2.9). 

During the Severe 25-year scenario (Table C.2.10), a severe decline in hydrology is expected, triggering moderate declines in water quality 
and direct mortality. Moderate improvements to fragmentation are expected as threats are reduced as stream flows return to more natural 
conditions after dam removal. Changes in hydrologic conditions attributed to climate change are expected due to reductions in 7-day 
minimum flows of 35% and summer minimum base flows of 52% (Lafontaine et al. 2019, entire) while demands for surface and groundwater 
continue their current trend. Water quality degrades due to increasing concentrations of pollutants attributed to the decline in summer 
minimum base flows. Reduction in summer minimum base flows would subject mussel beds to drying events from channel narrowing or 
dewatering increasing exposure to predation and desiccation. Positive biological and hydrological responses from reduced fragmentation are 
expected as stream flows return to more natural conditions. Based on these threats, moderate decline is projected for the water quality habitat 
factor; severe decline is projected for the hydrology habitat factor; and moderate improvement is projected for the habitat structure/substrate 
habitat factor. Declines in all population factors are projected as a result, leading to a moderate decline in population resiliency with the 
population remaining in low condition (Table C.2.11). 

In the Severe 50-year scenario (Table C.2.12), a severe decline in hydrology is expected as the impacts discussed in the Severe 25-year 
scenario intensify, causing cascading effects to other habitat factors. A severe decline in water quality and moderate declines in substrate and 
fragmentation are triggered as a result. Water quality degradation due to increasing concentrations of some pollutants (e.g., ammonia and 
bacteria) and deleterious effects to basic water chemistry (e.g., dissolved oxygen) that can negatively affect mussels are attributed to the 
decline in 7-day minimum flows, summer minimum base flows and increasing water demand. Reduction in summer minimum base flows 
would subject substrates to more frequent and profound drying events from channel narrowing or complete loss of flowing water causing 
fragmentation. As a result, severe declines in host fish availability, reproduction/recruitment, occupied habitat, and abundance population 
factors are projected, causing a severe decline in population resiliency (Table C.2.13). Extirpation of the population is projected during this 
time-step. 

Pearl River Basin 
Pearl River Focal Area – Current Condition 
The Pearl River focal area currently has a low current condition/probability of persistence. The main channel and/or numerous tributaries are 
on the 303(d) list of impaired waterbodies for various causes including biological impairment, sulfate, pH, dissolved oxygen, and turbidity. 
Other past and current stressors to water quality include point and non-point source pollution from urban areas and chemical releases from a 
paper mill near Bogalusa, Louisiana in 2011 causing a substantial fish kill. The Ross R. Barnett Reservoir, construction completed in 1963, 
influences the current hydrologic condition of the focal area. An additional reservoir on the main channel of the Pearl River below the Ross R. 
Barnett Reservoir is proposed for flood control.      

Pearl River Focal Area – Moderate Increase in Stressors 
Change from the current condition is not expected for any threats during the Moderate 10-year scenario (Table C.2.2). Therefore, no change 
in habitat or population factors (i.e., water quality and quantity, host fish availability, reproduction/recruitment, survival, occupied habitat, 
and abundance) is anticipated with the focal area maintaining current population resiliency (Table C.2.3).  

In the Moderate 25-year scenario (Table C.2.4), moderate declines in water quality, hydrology, substrate, fragmentation, and direct 
mortality are anticipated while invasive species maintain current conditions. Changes in hydrologic conditions attributed to climate change 
are expected due to reductions in 7-day minimum flows (15 – 19%) and summer minimum base flows (12 – 19%) (Lafontaine et al. 2019, 
entire). In addition, hydrologic conditions would be negatively affected by the construction of a flood control reservoir proposed for the upper 
portion of the focal area during this time-step. Water quality degradation due to increasing wastewater returns and concentrations of some 
pollutants (e.g., ammonia and bacteria) and deleterious effects to basic water chemistry (e.g., dissolved oxygen) that can negatively affect 
mussels are attributed to the decline in 7-day minimum flows, summer minimum base flows. With the reduction in base flows, a moderate 
decline in substrate condition is anticipated as sediments accumulate on mussel beds from a lack of adequate cleansing flows. The flood 
control reservoir would function as a fish passage barrier, causing the loss of approximately 20 miles of occupied habitat. Direct mortality is 
expected to increase due to habitat loss and hydrologic alteration from reservoir construction. As a result of these threats, moderate decline is 
expected for the water quality, hydrology, and habitat structure/substrate habitat factors as well as all population factors (host fish availability, 
reproduction/recruitment, survival, occupied habitat and abundance). The focal area would undergo a moderate decline in population 
resiliency, with the population remaining in low condition (Table C.2.5). 

During the Moderate 50-year scenario (Table C.2.6), moderate declines in water quality, hydrologic conditions, substrate, fragmentation and 
direct mortality are expected to continue. Threats from the same sources described in the Moderate 25-year scenario continue, but with 
increasing intensity. Invasive species maintain current condition. As a result of these threats, moderate decline is expected for the water 
quality, hydrology, and habitat structure/substrate habitat factors as well as all population factors (host fish availability, 
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reproduction/recruitment, survival, occupied habitat and abundance). The focal area would undergo a moderate decline in population 
resiliency, with the population remaining in low condition (Table C.2.7). 

Pearl River – Severe Increase in Stressors 
In the Severe 10-year scenario (Table C.2.8), no changes from the current condition are expected. Therefore, no change in habitat or 
population factors is anticipated, and the focal area would maintain current population resiliency (Table C.2.9). 

In the Severe 25-year scenario (Table C.2.10), moderate declines in water quality, hydrology, substrate, fragmentation, and direct mortality 
are anticipated while invasive species maintain current conditions. Changes in hydrologic conditions attributed to climate change are expected 
due to reductions in 7-day minimum flows (20 – 22%) and summer minimum base flows (14 – 22%) (Lafontaine et al. 2019, entire). With the 
modeled reductions in base flows as well as the construction of the flood control reservoir, the same threats described in the Moderate 25-year 
scenario would occur, but with greater intensity. As a result of these threats, moderate decline is expected for the water quality, hydrology, 
and habitat structure/substrate habitat factors as well as all population factors (host fish availability, reproduction/recruitment, survival, 
occupied habitat and abundance). The focal area would undergo a moderate decline in population resiliency, with the population remaining in 
low condition (Table C.2.11). 

During the Severe 50-year Scenario (Table C.2.12), a severe decline in hydrology is expected as the impacts discussed in the Severe 25-year 
scenario intensify, causing cascading effects to other habitat factors. With the modeled reductions in base flows as well as the construction of 
the flood control reservoir, the same threats in the Severe 25-year scenario would occur, but with greater intensity. A moderate decline in 
water quality, substrate, fragmentation and direct mortality continue as a result. A severe decline in the hydrology habitat factor is projected 
while water quality and habitat quality/substrate are projected to undergo a moderate decline. Severe declines in host fish availability, 
reproduction/recruitment, occupied habitat, and abundance population factors are projected, causing a severe decline in population resiliency 
(Table C.2.13). Extirpation of the population is projected during this time-step. 

Sabine River Basin 
Sabine River Focal Area – Current Condition 
The currently extirpated Sabine River focal area (Table C.2.14) is expected to remain extirpated in the next 50 years in all future scenarios. 
Two segments within the focal area are on the 303(d) list of impaired waterbodies for bacteria. A new poultry processing plant has been 
permitted to release wastewater in the upper portion of the focal area downstream of Lake Tawakoni. Wastewater releases are permitted at 
2.18 million gallons per day with an ammonia limit of 3.94 mg/L, which is beyond the threshold for freshwater mussel tolerances. Water 
quality degradation is expected as result, despite wastewater dilution from mixing with stream flow. The construction of Lake Tawakoni and 
Toledo Bend Reservoir impacted natural hydrologic conditions and dam releases cause substrate scouring eliminating mussel habitat 
downstream until sheer stress dissipates. An additional off-channel reservoir in the middle of the focal area and a water diversion project are 
proposed to meet future water demand. When constructed, water quality and hydrologic conditions would further degenerate from current 
conditions. Bank erosion is prevalent throughout the focal area, resulting in elevated inputs of sediment impacting suitable substrates for 
mussel beds. 

Sabine River Focal Area- Moderate Increase in Stressors 
In the Moderate 10-year scenario (Table C.2.2), the focal area is projected to endure a moderate decline in water quality due to degradation 
resulting from a general increase in point and non-point source discharges, including significant wastewater effluent flows from a new poultry 
processing plant into a portion of the river with documented mussel beds. This degradation in water quality is expected to negatively 
influence overall mussel survival and reproductive success, potentially affecting both mussel and host fish movement, and subsequently 
causing fragmentation of suitable habitat. In some cases, water quality degradation may result in increased direct mortality of Louisiana 
Pigtoe, contributing to a moderate decline in this focal area. Hydrology, substrate and invasive species are expected to maintain their current 
condition of moderate decline. The changes to threat conditions described above negatively affected modelled Louisiana Pigtoe water quality 
and habitat structure/substrate habitat factors and all population factors (host fish availability, reproduction/recruitment, survival, occupied 
habitat, and abundance) resulting in a projected moderate decline in population resiliency (Table C.2.3). 

In the Moderate 25-year scenario (Table C.2.4), moderate declines in water quality, hydrology, substrate, fragmentation, and direct 
mortality are expected to continue in tandem with population growth and associated impacts (e.g., habitat loss, increased demand for water 
supply, and increased generation of wastewater). Declining conditions of water quality, fragmentation, and direct mortality would be 
exacerbated by the effects of climate change. The moderate decline in hydrology is expected, in part, from future predicted reductions in flow, 
as represented by reductions in 7-day minimum flows (1 – 30%) and summer minimum base flows (10 – 29%) arising from a changing 
climate (Lafontaine et al. 2019, entire). Subsequently, a moderate decline in substrate condition is anticipated as sediments accumulate on 
mussel beds from a lack of adequate cleansing flows. The threat posed by invasive species is expected to maintain current condition. The 
changes to threat conditions described above negatively affected modelled habitat and population factors (moderate declines in host fish 
availability, reproduction/recruitment, survival, occupied habitat, and abundance) resulting in a projected moderate decline in population 
resiliency (Table C.2.5). 

In the Moderate 50-year scenario (Table C.2.6), moderate declines in water quality, substrate, fragmentation, and direct mortality will 
continue due to the threats described above. Hydrology is expected to severely decline due to climate change, including significant reductions 
in 7-day minimum and summer minimum base flows, as well as the construction of an off-channel reservoir in the middle Sabine River basin; 
these changes to hydrology and flow will further degrade water quality. Threats from invasive species are expected to maintain current 
condition. The changes to threat conditions described above negatively affected modelled habitat with a severe decline in hydrology and 
moderate declines in water quality and habitat structure/substrate. Population factors of host fish availability, reproduction/recruitment, 
occupied habitat, and abundance undergo severe decline, resulting in a projected severe decline in population resiliency (Table C.2.7). 

Sabine River Focal Area - Severe Increase in Stressors 
In the Severe 10-year scenario (Table C.2.8), we anticipate moderate declines in water quality, fragmentation and direct mortality based on 
the same threats assessed in the Moderate 10-year scenario. Changes to hydrology, substrate and invasive species are expected to maintain 
their current condition. The changes to threat conditions described above negatively affected modelled Louisiana Pigtoe water quality and 
habitat structure/substrate  habitat factors and all population factors (host fish availability, reproduction/recruitment, survival, occupied 
habitat, and abundance) resulting in a projected moderate decline in population resiliency (Table C.2.9). 

In the Severe 25-year scenario (Table C.2.10), moderate declines in water quality, substrate, fragmentation, and direct mortality continue. 
Conditions of water quality, fragmentation and direct mortality would be exacerbated by the same stressors described above. A moderate 
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decline in substrate condition is expected as sediments accumulate on mussel beds from a lack of adequate cleansing flows. This change in 
substrate condition is correlated with an expected severe decline in hydrological condition from reductions in 7-day minimum flows (20 – 
22%) and summer minimum base flows (14 – 22%) (Lafontaine et al. 2019, entire) arising from a changing climate in addition to an off-
channel reservoir constructed in the middle of the Sabine River basin; these changes to hydrology and flow will further degrade water quality. 
Invasive species condition is expected to maintain current condition. The changes to threat conditions described above negatively affected 
modelled habitat factors with a severe decline in hydrology and moderate declines in water quality and habitat structure/substrate. Population 
factors of host fish availability, reproduction/recruitment, occupied habitat, and abundance undergo severe decline, resulting in a projected 
severe decline in population resiliency (Table C.2.11). 

In the Severe 50-year scenario (Table C.2.12), severe declines in water quality and hydrology are anticipated resulting from increasing 
demands for waters supply and increasing point and non-point source pollution. Changes to flow include an estimated 30% reduction in 
minimum base flows as well as the construction of an off-channel reservoir in the middle Sabine River basin. Moderate declines in substrate, 
fragmentation, and direct mortality are anticipated from the same sources described in the Severe 25-year scenario. Invasive species condition 
is expected to maintain current condition. The changes to threat conditions described above negatively affected modelled Louisiana Pigtoe 
habitat and population factors (i.e., water quality and quantity, host fish availability, reproduction/recruitment, survival, occupied habitat, and 
abundance) resulting in a projected severe decline in population resiliency (Table C.2.13). 

Bayou Anacoco Focal Area – Current Condition 
The Bayou Anacoco focal area has a moderate current condition/probability of persistence. It is currently on the 303(d) impaired water bodies 
list for total dissolved solids and fecal coliform. Municipal and Industrial wastewater discharges into Bayou Anacoco include Boise Packing 
and Newsprint-Deridder Paper Mill (39 million gallons per day) and City of Leesville Wastewater Treatment Facility (2.1 million gallons per 
day). Lake Vernon and Anacoco Lake are upstream of the focal area. The two impoundments and wastewater discharges have altered natural 
hydrologic and water quality conditions throughout the focal area. 

Bayou Anacoco Focal Area – Moderate Increase in Stressors 
In the Moderate 10-year scenario (Table C.2.2), the focal area is projected to endure a moderate decline in hydrology due to reduced stream 
flows from dam repairs and filling of Vernon Lake. Subsequently, a moderate decline in substrate condition is anticipated as sediments 
accumulate on mussel beds from a lack of adequate cleansing flows. Threats to water quality, fragmentation, direct mortality and invasive 
species are expected to maintain their current condition. The changes to threat conditions described above resulted in moderate decline in 
hydrology and habitat structure/substrate habitat factors. All population factors are projected to undergo moderate decline as a result, and a 
projected moderate decline in population resiliency is expected. The population is downgraded to low condition during this time-step (Table 
C.2.3). 

In the Moderate 25-year scenario (Table C.2.4), a moderate decline in hydrology is expected to continue due to a modelled 35% reduction 
in 7-day minimum flows and 30% reduction in summer minimum base flows (Lafontaine et al. 2019, entire). All other threat categories are 
expected to maintain current condition. Due to the moderate decline in the hydrology habitat factor, moderate declines were projected for all 
population factors which in turn projected a moderate decline in population resiliency. The hydrologic impacts were not deemed significant 
enough to downgrade the population, and the system is expected to recover from Vernon Lake dam repairs/filling resulting in a projected 
upgrade of the population to moderate condition (Table C.2.5). 

During the Moderate 50-year scenario (Table C.2.6), moderate declines in water quality and substrate are expected as hydrology undergoes 
severe decline as the impacts discussed in the Moderate 25-year scenario intensify, causing cascading effects to other habitat factors. Water 
quality degradation due to increasing concentrations of some pollutants (e.g., ammonia and bacteria) and deleterious effects to basic water 
chemistry (e.g., dissolved oxygen) that can negatively affect mussels are attributed to the decline in 7-day minimum flows, summer minimum 
base flows and increasing water demand. Reduction in summer minimum base flows would subject substrates to more frequent and profound 
drying events from channel narrowing or complete loss of flowing water as well as sediment accumulation on mussel beds from a lack of 
adequate cleansing flows. With the moderate decline in water quality and substrate coupled with the severe decline in hydrology, moderate 
declines in all population factors are projected, resulting in a moderate decline in population resiliency. The population is downgraded to low 
condition during this time-step (Table C.2.7). 

Bayou Anacoco Focal Area- Severe Increase in Stressors 
In the Severe 10-year scenario (Table C.2.8), we anticipate moderate declines in hydrology and substrate based on the same threats assessed 
in the Moderate 10-year scenario. Changes to water quality, fragmentation, direct mortality and invasive species are expected to maintain 
their current condition. The changes to threat conditions described above negatively affected modelled Louisiana Pigtoe hydrology and 
habitat structure/substrate habitat factors and all population factors (host fish availability, reproduction/recruitment, survival, occupied habitat, 
and abundance) resulting in a projected moderate decline in population resiliency. The population is downgraded to low condition during this 
time-step (Table C.2.9). 

In the Severe 25-year scenario (Table C.2.10), a severe decline in hydrology is expected to continue due to a modelled 41% reduction in 7-
day minimum flows and 36% reduction in summer minimum base flows (Lafontaine et al. 2019, entire). A moderate decline in water quality 
is expected due to threats from increasing concentrations of some pollutants (e.g., ammonia and bacteria) and deleterious effects to basic 
water chemistry (e.g., dissolved oxygen) that can negatively affect mussels attributed to paper mill and municipal wastewater effluent, the 
decline in 7-day minimum flows, summer minimum base flows, and increasing water demand. These water quality impacts are expected to 
increase threats in direct mortality. Substrate, fragmentation, and invasive species are expected to maintain current condition. Due to the 
severe decline in the hydrology and moderate decline in water quality habitat factors, moderate declines were projected for all population 
factors which in turn projected a moderate decline in population resiliency (Table C.2.11). The decline in population resiliency was not 
deemed significant enough to downgrade the population, and the system is expected to recover from Vernon Lake dam repairs/filling 
resulting in a projected upgrade of the population to moderate condition. 

During the Severe 50-year scenario (Table C.2.12), a severe decline in water quality and moderate decline in substrate is expected as 
hydrology undergoes severe decline as the impacts discussed in the Severe 25-year scenario intensify, causing cascading effects to other 
habitat factors. Water quality degradation described in the Severe 25-year scenario intensify. Reduction in summer minimum base flows 
would subject substrates to more frequent and profound drying events from channel narrowing or complete loss of flowing water as well as 
sediment accumulation on mussel beds from a lack of adequate cleansing flows. With the moderate decline substrate coupled with the severe 
decline in hydrology and water quality, severe declines in host fish availability, reproduction/recruitment, occupied habitat, and abundance 
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population factors are projected (Table C.2.13). A severe decline in population resiliency is projected, and extirpation is expected during this 
time-step. 

Neches River Basin 
Angelina River Focal Area – Current Condition 
The Angelina River focal area currently has a low population condition/probability of persistence. Segments of the focal area are on the 
303(d) impaired water bodies list for bacteria. Fecal coliform often exceeded standards in the late 1990s, and elevated ammonia levels were 
routinely observed in 2008. No impoundments are on Angelina River upstream or within the focal area. Two reservoirs, Lake Columbia and 
Lake Ponta, are proposed in on a major tributary to the focal area. Both would be constructed on Mud Creek in the upper watershed of the 
focal area, altering hydrology and substrates. 

Angelina River Focal Area – Moderate Increase in Stressors 
In the Moderate 10-year scenario (Table C.2.2), the focal area is projected to endure a moderate decline in substrate and direct mortality 
from threats associated with underwater seismic testing. Seismic tests involve explosive charges placed in “shot” holes. Drilling shot holes 
into the substrate and subsequent explosions are expected to result in direct mortality of individuals and degraded substrate habitat. Threats to 
water quality, hydrology, fragmentation, and invasive species are expected to maintain their current condition. The changes to threat 
conditions described above resulted in moderate decline in the habitat structure/substrate habitat factor. All population factors are projected to 
undergo moderate decline as a result and a projected moderate decline in population resiliency is expected. The population maintains low 
condition during this time-step (Table C.2.3). 

In the Moderate 25-year scenario (Table C.2.4), increasing stressors result in severe declines in hydrology and substrate and moderate 
declines in water quality, fragmentation, and direct mortality. Declining water quality condition attributed to the moderate decline in 
hydrology is expected, in part, from future predicted reductions in flow, as represented by reductions in 7-day minimum flows (25 – 32%) and 
summer minimum base flows (28 – 29%) arising from a changing climate (Lafontaine et al. 2019, entire). Stream flow reductions from 
reservoir development in the upper watershed of the focal area are expected as well. These reductions in stream flow are expected to cause 
temporary fragmentation due to dry periods. Subsequently, a severe decline in substrate condition is anticipated as sediments accumulate on 
mussel beds from a lack of adequate cleansing flows. Direct mortality from seismic testing is anticipated. Threats from invasive species are 
expected to maintain current condition. Due to the increase in stressors, severe decline in the hydrology and habitat structure/substrate habitat 
factors and a moderate decline in the water quality habitat factors is projected. As a result, severe declines were projected for all population 
factors which in turn projected a severe decline in population resiliency. The population continues to maintain low condition during this time-
step (Table C.2.5). 

In the Moderate 50-year scenario (Table C.2.6), severe declines in water quality, hydrology, substrate and fragmentation are expected while 
direct mortality continues in moderate decline. Hydrology threats intensify, causing cascading threats to the other habitat factors described in 
the Moderate 25-year scenario. Due to the increase in stressors, severe declines in all habitat factors and population factors are projected, 
which in turn projected a severe decline in population resiliency. Extirpation is anticipated during this time-step (Table C.2.7). 

Angelina River Focal Area – Severe Increase in Stressors 
In the Severe 10-year scenario (Table C.2.8), we anticipate moderate declines in substrate and direct mortality based on the same threats 
assessed in the Moderate 10-year scenario. Water quality, hydrology, fragmentation and invasive species are expected to maintain their 
current condition. The changes to threat conditions described above negatively affected modelled Louisiana Pigtoe habitat structure/substrate 
habitat factor and all population factors, resulting in a projected moderate decline in population resiliency. The population maintains low 
condition during this time-step (Table C.2.9). 

In the Severe 25-year scenario (Table C.2.10), increasing stressors result in severe declines in hydrology and substrate and moderate declines 
in water quality, fragmentation, and direct mortality. Declining conditions of water quality attributed to the moderate decline in hydrology is 
expected, in part, from future predicted reductions in flow, as represented by reductions in 7-day minimum flows (34 – 35%) and summer 
minimum base flows (42%) arising from a changing climate (Lafontaine et al. 2019, entire). Stream flow reductions from reservoir 
development in the upper watershed of the focal area are expected as well. These reductions in stream flow are expected to cause temporary 
fragmentation due to dry periods. Subsequently, a severe decline in substrate condition is anticipated as sediments accumulate on mussel beds 
from a lack of adequate cleansing flows. Direct mortality from seismic testing is anticipated. Threats from invasive species are expected to 
maintain current condition. Due to the increase in stressors, severe decline in the hydrology and habitat structure/substrate habitat factors and 
a moderate decline in the water quality habitat factors is projected. As a result, severe declines were projected for all population factors which 
in turn projected a severe decline in population resiliency (Table C.2.11). The population continues to maintain low condition during this 
time-step. 

In the Severe 50-year scenario (Table C.2.12), severe declines in water quality, hydrology, substrate and fragmentation are expected while 
direct mortality continues in moderate decline. Hydrology threats intensify, exacerbating threats to the other habitat factors described in the 
Severe 25-year scenario. Due to the increase in stressors, severe declines in all habitat factors and population factors are projected, which in 
turn projected a severe decline in population resiliency (Table C.2.13). Extirpation is anticipated during this time-step. 

Neches River Focal Area – Current Condition 
The Neches River focal area currently has a high population condition/probability of persistence. Tributaries and segments of the focal area 
are on the 303(d) impaired water bodies list for dioxin and mercury in edible tissue, bacteria, and depressed dissolved oxygen. Numerous 
segments had concerns for nutrients, particularly ammonia and total phosphorus; however, decreasing trends for these parameters were often 
observed. Stream flows are influenced by Lake Palestine in the upper portion of the focal area and B.A. Steinhagen Reservoir in the southern 
portion of the focal area. 

Neches River Focal Area – Moderate Increase in Stressors 
Change from the current condition is not expected for any threats during the Moderate 10-year scenario (Table C.2.2). Therefore, no change 
in habitat or population factors (i.e., water quality and quantity, host fish availability, reproduction/recruitment, survival, occupied habitat, 
and abundance) is anticipated, and the focal area would maintain current population resiliency. The population continues to maintain high 
condition during this time-step (Table C.2.3).       

In the Moderate 25-year scenario (Table C.2.4), moderate declines in water quality, substrate, fragmentation, and direct mortality are 
anticipated. Water quality degradation is expected from a general increase in point and non-point source pollution, with increasing 
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concentrations of some pollutants (e.g., ammonia and bacteria) and deleterious effects to basic water chemistry (e.g., dissolved oxygen) that 
can negatively affect mussels; these water quality impacts will be exacerbated by changes to hydrology (i.e., general decrease in natural 
stream flows with some increases to municipal wastewater effluent return flows). Sediment accumulation on mussel beds is projected to 
increase from a lack of adequate cleansing flows. The proposed Rockland Reservoir on the main channel of the Neches River, which would 
function as a fish passage barrier, is anticipated to be operational at this time-step. Direct mortality is expected to increase due to water quality 
degradation, reductions in water volume, and habitat loss from reservoir construction. A severe decline in hydrology is attributed to three 
proposed water delivery projects within the focal area combined with an overall reduction in stream flows. Lake Columbia is an off-channel 
reservoir proposed in the upper portion of the focal area, a run-of river water diversion is proposed for the middle of the focal area, and 
Rockland Reservoir is proposed near the downstream end of the focal area. Additionally, reductions in 7-day minimum flows and summer 
minimum base flows arising from a changing climate are expected. The invasive species factor is expected to maintain current condition. The 
projected moderate and severe decline in habitat and population factors (i.e., water quality and quantity, fish host availability, 
reproduction/recruitment, occupied habitat, and abundance) is expected to result in a severe decline in population resiliency. The population is 
downgraded to low condition during this time-step (Table C.2.5). 

In the Moderate 50-year scenario (Table C.2.6), moderate declines in water quality, substrate, fragmentation, and direct mortality are 
expected to continue as the threats discussed in the Moderate 25-year scenario are realized and exacerbated by further reductions in 7-day 
minimum flows and summer minimum base flows arising from a changing climate. Severe declines in host fish availability, 
reproduction/recruitment, occupied habitat, and abundance population factors continue, as well as declines to habitat factors, contributing to a 
projected severe decline in population resiliency. The population continues to maintain low condition during this time-step (Table C.2.7). 

Neches River Focal Area – Severe Increase in Stressors 
Change from the current moderate population condition is not expected as no change to habitat factors occur during the Severe 10-year 
scenario (Table C.2.8). Thus, no change in population factors (i.e., water quality and quantity, host fish availability, reproduction/recruitment, 
survival, occupied habitat, and abundance) is anticipated and the focal area is projected to maintain its current population resiliency. The 
population continues to maintain high condition during this time-step (Table C.2.9). 

In the Severe 25-year scenario (Table C.2.10), moderate declines in water quality, substrate, fragmentation, and direct mortality are 
anticipated. Water quality degradation is expected from a general increase in point and non-point source pollution, with increasing 
concentrations of some pollutants (e.g., ammonia and bacteria) and deleterious effects to basic water chemistry (e.g., dissolved oxygen) that 
can negatively affect mussels; these water quality impacts will be exacerbated by changes to hydrology (i.e., general decrease in natural steam 
flows with some increases to municipal wastewater effluent return flows). Sediment accumulation on mussel beds is projected to increase 
from a lack of adequate cleansing flows. The proposed Rockland Reservoir on the main channel of the Neches River, which would function 
as a fish passage barrier, is anticipated to be operational at this time-step. Direct mortality is expected to increase due to water quality 
degradation, reductions in water volume, and habitat loss from reservoir construction. A severe decline in hydrology is attributed to three 
proposed water delivery projects within the focal area combined with an overall reduction in stream flows. Lake Columbia is an off-channel 
reservoir proposed in the upper portion of the focal area, a run-of river water diversion is proposed for the middle of the focal area, and 
Rockland Reservoir is proposed near the downstream end of the focal area. Additionally, reductions in 7-day minimum flows and summer 
minimum base flows arising from a changing climate are expected. The invasive species factor is expected to maintain current condition. The 
projected moderate and severe decline in habitat and population factors (i.e., water quality and quantity, fish host availability, 
reproduction/recruitment, occupied habitat, and abundance) is expected to result in a severe decline in population resiliency (Table C.2.11). 
The population is downgraded to low condition during this time-step.    

In the Severe 50-year scenario (Table C.2.12), moderate declines in substrate, fragmentation, and direct mortality are expected to continue as 
the threats discussed in the Severe 25-year scenario are realized and exacerbated by further changes to hydrology, including reductions in 7-
day minimum flows and summer minimum base flows arising from a changing climate. Both water quality and quantity undergo a severe 
decline as summer minimum base flows are projected to decrease by 30% from present levels (Lafontaine et al. 2019, entire), in addition to 
the other water volume reductions considered in the Severe 25-year scenario. Severe declines in host fish availability, 
reproduction/recruitment, survival, occupied habitat, and abundance population factors, as well as declines to habitat factors, contribute to a 
continuing severe decline in population resiliency (Table C.2.13); however, not to the point of extirpation. The population continues to 
maintain low condition during this time-step. 

Lower Neches River Focal Area – Current Condition 
The Lower Neches River focal area currently has a low population condition/probability of persistence. See the information in the Neches 
River focal area for current water quality information. Stream flows are influenced by B.A. Steinhagen in the upper portion of the focal area. 

Lower Neches River Focal Area – Moderate Increase in Stressors 
Change from the current condition is not expected for any threats during the Moderate 10-year scenario (Table C.2.2). Therefore, no change 
in habitat or population factors (i.e., water quality and quantity, host fish availability, reproduction/recruitment, survival, occupied habitat, 
and abundance) is anticipated, and the focal area would maintain current low population resiliency (Table C.2.3).  

In the Moderate 25-year scenario (Table C.2.4), moderate declines in water quality and hydrology are anticipated. Water quality degradation 
is expected from a general increase in point and non-point source pollution, with increasing concentrations of some pollutants (e.g., ammonia 
and bacteria) and deleterious effects to basic water chemistry (e.g., dissolved oxygen) that can negatively affect mussels; these water quality 
impacts will be exacerbated by changes to hydrology (i.e., general decrease in natural stream flows with some increases to municipal 
wastewater effluent return flows). Hydrologic impacts related to climate change, including a reduction in 7-day minimum flows (21 – 25%) 
and summer minimum base flows (24 – 32%) (Lafontaine et al. 2019, entire), are expected. Substrate, fragmentation, direct mortality, and 
invasive species maintain current condition. The moderate declines in water quality and hydrology habitat factors, coupled with moderate 
declines in population factors (host fish availability, reproduction/recruitment, survival, occupied habitat, and abundance) resulted in a 
projected moderate decline in population resiliency. The population continues to maintain low condition during this time-step (Table C.2.5). 

In the Moderate 50-year scenario (Table C.2.6), moderate decline in water quality continues due to the same sources described in the 
Moderate 25-year scenario. Hydrologic alterations driven by climate change will experience further reductions in 7-day minimum flows and 
summer minimum base flows. Substrate, fragmentation, direct mortality, and invasive species maintain current condition. The moderate 
decline in water quality combined with the severe decline in hydrology habitat factors, along with moderate declines in population factors 
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(host fish availability, reproduction/recruitment, survival, occupied habitat, and abundance) resulted in a projected moderate decline in 
population resiliency. The population continues to maintain low condition during this time-step (Table C.2.7). 

Lower Neches River Focal Area – Severe Increase in Stressors 
Change from the current low population condition is not expected as no change to habitat factors occur during the Severe 10-year scenario 
(Table C.2.8). Therefore, no change in habitat or population factors (i.e., water quality and quantity, host fish availability, 
reproduction/recruitment, survival, occupied habitat, and abundance) is anticipated, and the focal area would maintain current population 
resiliency. The population maintains low condition during this time-step (Table C.2.9). 

In the Severe 25-year scenario (Table C.2.10), moderate declines in water quality and hydrology are anticipated. Water quality degradation 
is expected from a general increase in point and non-point source pollution, with increasing concentrations of some pollutants (e.g., ammonia 
and bacteria) and deleterious effects to basic water chemistry (e.g., dissolved oxygen) that can negatively affect mussels; these water quality 
impacts will be exacerbated by changes to hydrology (i.e., general decrease in natural stream flows with some increases to municipal 
wastewater effluent return flows). Hydrologic impacts related to climate change, including reductions in 7-day minimum (30 – 36%) and 
summer minimum base flows (32 – 41%) (Lafontaine et al. 2019, entire), are expected. Substrate, fragmentation, direct mortality, and 
invasive species maintain current condition. The moderate declines in water quality and hydrology habitat factors, coupled with moderate 
declines in population factors (host fish availability, reproduction/recruitment, survival, occupied habitat, and abundance), resulted in a 
projected moderate decline in population resiliency (Table C.2.11). The population maintains low condition during this time-step. 

In the Severe 50-year scenario (Table C.2.12), both water quality and hydrology undergo severe decline as ongoing water quality 
degradation is exacerbated by a greater than 30% reduction in 7-day minimum flows and summer minimum base flows from present-day 
levels (Lafontaine et al. 2019, entire). Substrate, fragmentation, direct mortality, and invasive species maintain current condition. The focal 
area is projected to experience severe declines in water quality and hydrology habitat factors, coupled with moderate declines in population 
factors (host fish availability, reproduction/recruitment, survival, occupied habitat, and abundance). Since two of the three habitat factors are 
in severe decline, the focal area is expected to experience a severe decline in population resiliency. The population is anticipated to become 
extirpated during this time-step (Table C.2.13). 

San Jacinto River Basin 
East Fork San Jacinto River Focal Area – Current Condition 
The East Fork San Jacinto focal area currently has a low population condition/probability of persistence. It is on the 303(d) impaired water 
bodies list for bacteria. No impoundments are on the East Fork San Jacinto upstream or within the focal area. Lake Houston is downstream of 
the focal area. No new impoundments are proposed within or upstream of the focal area. Sand mining, in particular, has led to increased 
nutrient loads in the San Jacinto River which can result in an increase in cyanobacteria levels (Region H water plan pg 1-23).  

East Fork San Jacinto Focal Area – Moderate Increase in Stressors 
Change from the current condition is not expected for any threats during the Moderate 10-year scenario (Table C.2.2). Therefore, no change 
in habitat or population factors (i.e., water quality and quantity, host fish availability, reproduction/recruitment, survival, occupied habitat, 
and abundance) is anticipated, and the focal area would maintain current population resiliency. The population maintains low condition 
during this time-step (Table C.2.3). 

In the Moderate 25-year scenario (Table C.2.4), moderate declines in water quality, hydrology, substrate, and direct mortality are 
anticipated while fragmentation and invasive species maintain current condition. Changes in hydrologic conditions attributed to climate 
change are expected due to reductions in 7-day minimum flows (9%) and summer minimum base flows (30%) (Lafontaine et al. 2019, entire). 
Water quality degradation due to increasing wastewater returns and concentrations of some pollutants (e.g., ammonia and bacteria) and 
deleterious effects to basic water chemistry (e.g., dissolved oxygen) that can negatively affect mussels are attributed to the decline in 7-day 
minimum flows, summer minimum base flows and increased water demand. With the reduction in base flows, a moderate decline in substrate 
condition is anticipated as sediments accumulate on mussel beds from a lack of adequate cleansing flows. Direct mortality is expected to 
increase due to the threats above as well as desiccation and increased exposure to predation during dry periods. As a result of these threats, 
moderate decline is expected for the water quality, hydrology, and habitat structure/substrate habitat factors as well as all population factors 
(host fish availability, reproduction/recruitment, survival, occupied habitat and abundance). The focal area would undergo a moderate decline 
in population resiliency, with the population remaining in low condition (Table C.2.5). 

In the Moderate 50-year scenario (Table C.2.6), severe declines in water quality, hydrology, and substrate are expected while direct 
mortality continues in moderate decline. Fragmentation and invasive species threats maintain current condition. Hydrology threats described 
in the Moderate 25-year scenario intensify, causing cascading threats to the other habitat factors described in the Moderate 25-year scenario. 
Due to the increase in stressors, severe declines in water quality and hydrology and a moderate decline in habitat structure/substrate habitat 
factors are projected. Severe declines in all population factors are projected as a result, which in turn projected a severe decline in population 
resiliency. Extirpation is anticipated during this time-step (Table C.2.7). 

East Fork San Jacinto Focal Area – Severe Increase in Stressors 
Change from the current condition is not expected for any threats during the Severe 10-year scenario (Table C.2.8). Therefore, no change in 
habitat or population factors (i.e., water quality and quantity, host fish availability, reproduction/recruitment, survival, occupied habitat, and 
abundance) is anticipated, and the focal area would maintain current population resiliency. The population maintains low condition during 
this time-step (Table C.2.9). 

In the Severe 25-year scenario (Table C.2.10), moderate declines in water quality, hydrology, substrate, and direct mortality are anticipated 
while fragmentation and invasive species maintain current condition. Changes in hydrologic conditions attributed to climate change are 
expected due to reductions in 7-day minimum flows (24%) and summer minimum base flows (36%) (Lafontaine et al. 2019, entire) and 
increasing water demand. Water quality degradation (due to increasing wastewater returns and concentrations of some pollutants (e.g., 
ammonia and bacteria) and deleterious effects to basic water chemistry (e.g., dissolved oxygen) that can negatively affect mussels) attributed 
to the decline in 7-day minimum flows, summer minimum base flows and increasing water demand. With the reduction in base flows, a 
moderate decline in substrate condition is anticipated as sediments accumulate on mussel beds from a lack of adequate cleansing flows. Direct 
mortality is expected to increase due to the threats above as well as desiccation and increased exposure to predation during dry periods. As a 
result of these threats, moderate decline is expected for the water quality, hydrology, and habitat structure/substrate habitat factors as well as 
all population factors (host fish availability, reproduction/recruitment, survival, occupied habitat and abundance) (Table C.2.11). The focal 
area would undergo a moderate decline in population resiliency, with extirpation occurring during this time-step. 
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In the Severe 50-year scenario (Table C.2.12), severe declines in water quality, hydrology, substrate, and direct mortality are expected. 
Fragmentation and invasive species threats maintain current condition. Hydrology threats described in the Severe 25-year scenario intensify, 
causing cascading threats to the other habitat factors described in the Severe 25-year scenario. Due to the increase in stressors, severe declines 
in water quality and hydrology and a moderate decline in habitat structure/substrate habitat factors are projected. Severe declines in all 
population factors are projected as a result, which in turn projected a severe decline in population resiliency (Table C.2.13). Extirpation is 
anticipated during this time-step. 
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C.1 Future scenario evaluation criteria for Louisiana Pigtoe and Texas Heelsplitter 

Table C.1.1: Louisiana Pigtoe threat matrix definitions used to determine population resiliency model input values. ND indicates not defined. 

Habitat 
Parameters 

Significant 
Conservation/Research 

Moderate 
Improvement 

Maintain Current 
Condition Moderate Decline Severe Decline 

Condition Value 2 1 0 -1 2 

Water Quality 
Changes ND 

WQ is good or 
excellent. Point and 
non-point sources of 
contaminants within 
watershed are low. 
No known 
contaminant concerns 
(e.g., dissolved 
oxygen sufficient, no 
thermal extremes 
documented). If 

WQ is moderately 
impacted. Point and 
non-point sources of 
contaminants within 
watershed are 
present at moderate 
levels. TDS or other 
indicators of 
anthropogenic 
alteration are stable 
or slightly increasing. 

WQ is highly 
impacted. Point and 
non-point sources of 
contaminants within 
watershed are at high 
levels. TDS or other 
indicators of 
anthropogenic 
alteration are 
increasing. 

WQ is limiting for 
aquatic life. Point and 
non-point sources of 
contaminants within 
watershed are at levels 
that preclude mussel 
or host fish survival. 

available, total 
dissolved solids 
(TDS) or other 
indicators of 
anthropogenic 
alteration are stable 
or decreasing. 

Hydrology 
Changes ND 

Hydrology remains 
unaltered from natural 
conditions; fully meets 
requirements of 
mussels. No impacts 
to flow components 
(subsistence, base, 
high flow pulses, 
overbanking) from 
impoundments, 
reservoirs, diversions, 
groundwater 
extraction, or other 
anthropogenic 
activities. Flowing 

Hydrology 
moderately impacted. 
One or more flow 
components 
(subsistence, base, 
high flow pulses, 
overbanking) 
impacted from 
impoundments, 
reservoirs, 
diversions, 
groundwater 
extraction, or other 
anthropogenic 
activity. Biological 

Hydrology highly 
impacted. One or 
more flow 
components 
(subsistence, base, 
high flow pulses, 
overbanking) 
severely altered from 
impoundments, 
reservoirs, 
diversions, 
groundwater 
extraction, or other 
anthropogenic 
activity. Biological 

Dry stream bed / zero 
flow days occur 
frequently, hydrology 
severely altered; 
frequency of high flows 
and shear stress is 
sufficient to scour 
substrate and dislocate 
mussels; substrates 
are unstable, resulting 
in unsuitable habitat for 
mussels. PRMS model 
estimates greater than 
20% reduction in flows 
and/or changes to 

water is present year-
round with no 
recorded zero-flow 
days, even during 
droughts. 

and geomorphic 
functions mostly 
intact. Extremely 
high, low, or erratic 
flows are infrequent. 

and geomorphic 
functions highly 
impacted. Extremely 
high, low, or erratic 
flows are routine; 
zero flow days occur. 
PRMS model 
estimates less than 
20% reduction in 
flows are considered 
moderate. 

hydrology severe 
enough to impact 
survival. 

Substrate 
Changes ND 

Riffle and run habitat 
common. Substrates 
are stable. Gravel and 
cobble substrate 
sufficient to provide 
anchoring habitat. 
Low levels of 
sedimentation on 

Riffle and run habitat 
uncommon. 
Substrates are 
moderately stable. 
Gravel and cobble 
substrate sufficient to 
provide anchoring 
habitat with some 

Riffle and run habitat 
rare. Substrates are 
highly unstable; 
habitat eroded, or 
being buried by 
mobilized sediments 
from upstream. 

No suitable habitat 
present. 

substrate. mobilization of 
particles and light 
sedimentation on 
substrate. 

Fragmentation ND 

No impoundments/ 
barriers limiting 
mobility of host fish. 

New or existing 
impoundments/ 
barriers moderately 
reducing mobility of 
host fish and 
impacting dispersal 
range of glochidia. 

New or existing 
impoundments/ 
barriers severely 
reducing mobility of 
host fish and 
impacting dispersal 
range of glochidia. 

New or existing 
impoundments/ 
barriers has limited 
mobility of host fish 
and impacted dispersal 
of glochidia at level 
causing 
extirpation/extinction. 

Direct Mortality ND 

Predation, collection, 
or other actions 
resulting in direct 
mortality are not 
impacting 
populations. 

Predation, collection, 
or other actions 
resulting in direct 
mortality are 
moderately impacting 
populations. 

Predation, collection, 
or other actions 
resulting in direct 
mortality are severely 
impacting 
populations. 

Predation, collection, 
or other actions 
resulting in mortality 
have caused 
extirpation/extinction 

Invasive Species ND 

No invasive species 
present. 

Invasive species 
moderately impacting 
populations. 

Invasive species 
highly impacting 
populations. 

Invasive species 
limiting to mussels or 
host fish. Invasive 
species present and 
severely impacting 
populations. 
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Table C.1.2: Texas Heelsplitter threat matrix definitions used to determine population resiliency model input values. ND indicates not defined. 

Habitat 
Parameters 

Significant 
Improvement 

Moderate 
Improvement 

Maintain Current 
Condition Moderate Decline Severe Decline 

Condition Value 2 1 0 -1 2 

Water Quality 
Changes ND 

WQ is good or 
excellent. Point and 
non-point sources of 
contaminants within 
watershed are low. 
No known 
contaminant 
concerns (e.g., 
dissolved oxygen 
sufficient, no thermal 
extremes 

WQ is moderately 
impacted. Point and 
non-point sources of 
contaminants within 
watershed are present 
at moderate levels. 
TDS or other indicators 
of anthropogenic 
alteration are stable or 
slightly increasing. 

WQ is highly impacted. 
Point and non-point 
sources of contaminants 
within watershed are at 
high levels. TDS or 
other indicators of 
anthropogenic alteration 
are increasing. 

WQ is limiting for aquatic 
life. Point and non-point 
sources of contaminants 
within watershed are at 
levels that preclude 
mussel or host fish 
survival. 

documented). If 
available, total 
dissolved solids 
(TDS) or other 
indicators of 
anthropogenic 
alteration are stable 
or decreasing. 

Hydrology 
Changes ND 

Hydrology remains 
unaltered from 
natural conditions; 
fully meets 
requirements of 
mussels. No impacts 
to flow components 
(subsistence, base, 
high flow pulses, 
overbanking) from 
impoundments, 
reservoirs, 
diversions, 
groundwater 

Hydrology moderately 
impacted. One or more 
flow components 
(subsistence, base, 
high flow pulses, 
overbanking) impacted 
from impoundments, 
reservoirs, diversions, 
groundwater extraction, 
or other anthropogenic 
activities. Biological and 
geomorphic functions 
mostly intact. Occupied 
reservoirs maintain 

Hydrology highly 
impacted. One or more 
flow components 
(subsistence, base, high 
flow pulses, 
overbanking) severely 
altered from 
impoundments, 
reservoirs, diversions, 
groundwater extraction, 
or other anthropogenic 
activities. Biological 
and/or geomorphic 
functions highly 

Extremely high, low, 
and/or erratic flows are 
frequent, resulting in 
unsuitable habitat for 
mussels. Large 
magnitude reservoir 
drawdowns occur 
frequently. PRMS model 
estimates greater than 
20% reduction in flows 
are considered 
significant and/or 
changes to hydrology 
severe enough to impact 

extraction, or other 
anthropogenic 
activities. Flowing 
water is present year-
round with no 
recorded zero-flow 
days, even during 
droughts. 

stable water levels or 
experience moderate 
fluctuations. Extremely 
high, low, or erratic 
flows are infrequent. 

impacted. Frequency 
and magnitude of water 
fluctuations in occupied 
reservoirs is high. 
Extremely high, low, or 
erratic flows are routine; 
zero flow days occur. 
PRMS model estimates 
less than 20% reduction 
in flows are considered 
moderate. 

survival. 

Substrate 
Changes ND 

Pool and backwater 
habitats common. 
Stable mud, sand, 
and silt substrates 
sufficient to provide 
anchoring habitat. 
Low levels of 

Pool and backwater 
habitats uncommon. 
Mud, sand, and silt 
substrates moderately 
stable, providing 
anchoring habitat with 
some mobilization of 

Pool and backwater 
habitat rare; substrates 
highly unstable, habitat 
eroded, or being buried 
by mobilized sediments 
from upstream. 

No suitable habitat 
present. 

sedimentation on 
substrate. 

particles and light 
sedimentation on 
substrate. 

Fragmentation ND 

No impoundments/ 
barriers limiting 
mobility of host fish. 

New or existing 
impoundments/ barriers 
moderately reducing 
mobility of host fish and 
impacting dispersal 
range of glochidia. 

New or existing 
impoundments/ barriers 
severely reducing 
mobility of host fish and 
impacting dispersal 
range of glochidia. 

New or existing 
impoundments/ barriers 
has limited mobility of 
host fish and impacted 
dispersal of glochidia at 
level causing 
extirpation/extinction. 

Direct Mortality ND 

Predation, collection, 
or other actions 
resulting in direct 
mortality are not 
impacting 
populations. 

Predation, collection, or 
other actions resulting 
in direct mortality are 
moderately impacting 
populations. 

Predation, collection, or 
other actions resulting in 
direct mortality are 
severely impacting 
populations. 

Predation, collection, or 
other actions resulting in 
direct mortality have 
caused 
extirpation/extinction 

Invasive Species ND 

No invasive species 
present. 

Invasive species 
moderately impacting 
populations. 

Invasive species highly 
impacting populations. 

Invasive species limiting 
to mussels or host fish. 
Invasive species present 
and severely impacting 
populations. 
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C.2 Future condition tables by scenario and time step for Louisiana Pigtoe and Texas Heelsplitter 

Table C.2.1: Population resiliency model input and output definitions for all scenarios and time steps 

Forecasted Change in State Input Value 
△ 

Output △ Change to Population Resiliency 
Significant improvement 2 44 ≥ Resiliency > 22 △ Significant improvement in population resiliency 
Moderate improvement 1 22 ≥ Resiliency  > 0 △ Moderate improvement in population resiliency 

Maintain Current Condition 0 Resiliency= 0△ Maintain current population resiliency 
Moderate Decline -1 0 > Resiliency ≥ (-22) Moderate decline in population resiliency 

Severe Decline -2 ( 22) > Resiliency > ( 44) Severe decline in population resiliency 
Resiliency = (-45) indicates two of the three Habitat Factors are severely declining, therefore Resiliency = severe decline. 

Table C.2.2: Scenario 1 – moderate increase in stressors, 10 year time step stressors evaluation model input 

ETX FWM Scenario Development 

SPECIES 
Representation 

Areas 
POPULATIONS (Focal Area) 

Water Quality 
Changes 

Hydrology Changes 
Substrate 
Changes 

Fragmentation Direct Mortality Invasive Species 

Sabine Sabine R/Toledo Bend -1 -1 -1 -1 -1 0 

Neches R/BA Steinhagen -1 -2 -1 -1 -1 0 
Lower Neches R -1 -1 0 0 -1 0 

Grapevine LK -1 -1 0 0 -1 -1 
Trinity R/Livingston -1 -1 -1 0 -1 0 

Little R/Rolling FK 0 -1 -1 0 0 0 
Cossatot R 0 -1 0 0 0 0 
Saline R (Little) 0 -1 0 0 0 0 
Lower Little R 0 -1 0 0 0 0 

Big Cypress Big Cypress Bayou 0 -1 0 0 0 0 
Calcasieu Upper Calcasieu R 0 -1 0 1 0 0 

Pearl Pearl R -1 -1 -1 -1 -1 0 

Sabine R -1 -1 -1 -1 -1 0 
Bayou Anacoco 0 -1 0 0 0 0 

Angelina R -1 -2 -2 -1 -1 0 
Neches R -1 -2 -1 -1 -1 0 
Lower Neches R -1 -1 0 0 0 0 

San Jacinto E FK San Jacinto R -1 -1 -1 0 -1 0 

Louisiana 
Pigtoe 

Sabine 

Neches 

Texas 
Heelsplitter 

Neches 

Trinity 

Threats 

Red 

Table C.2.3: Scenario 1 – moderate increase in stressors, 10 year time step stressors evaluation model output 

SPECIES 
Representation 

Areas 
POPULATIONS (Focal Area) 

Sabine Sabine R/Toledo Bend 

Neches R/BA Steinhagen 

Lower Neches R 

Grapevine LK 
Trinity R/Livingston 

Little R/Rolling FK 

Cossatot R 
Saline R (Little) 
Lower Little R 

Big Cypress Big Cypress Bayou 

Calcasieu Upper Calcasieu R 
Pearl Pearl R 

Sabine R 

Bayou Anacoco 

Angelina R 

Neches R 
Lower Neches R 

San Jacinto E FK San Jacinto R 

Louisiana 
Pigtoe 

Sabine 

Neches 

Texas 
Heelsplitter 

Neches 

Trinity 

Red 

Water 
Quality 

Hydrology 
Habitat 

Structure/ 
Substrate 

Host Fish 
Availability 

Reproduction/ 
Recruitment 

Survival 
Occupied 

Habitat 
Abundance 

-1 0 -1 -2 -4 -3 -2 -9 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 1 1 2 4 2 2 8 
0 0 0 0 0 0 0 0 

-1 0 -1 -2 -4 -3 -2 -9 
0 -1 -1 -2 -4 -2 -2 -8 
0 0 -1 -1 -2 -2 -1 -5 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 

Habitat Factors Population  Factors 

Change to Resiliency 

-11 
0 
0 
0 
0 

0 
0 
0 
0 
0 
10 
0 

-11 
-10 
-6 
0 
0 
0 
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Table C.2.4: Scenario 1 – moderate increase in stressors, 25 year time step stressors evaluation model input 

ETX FWM Scenario Development 

SPECIES 
Representation 

Areas 
POPULATIONS (Focal Area) 

Water Quality 
Changes 

Hydrology Changes 
Substrate 
Changes 

Fragmentation Direct Mortality Invasive Species 

Sabine Sabine R/Toledo Bend -1 -1 -1 -1 -1 0 

Neches R/BA Steinhagen -1 -2 -1 -1 -1 0 
Lower Neches R -1 -1 0 0 -1 0 

Grapevine LK -1 -1 0 0 -1 -1 
Trinity R/Livingston -1 -1 -1 0 -1 0 

Little R/Rolling FK 0 -1 -1 0 0 0 
Cossatot R 0 -1 0 0 0 0 
Saline R (Little) 0 -1 0 0 0 0 
Lower Little R 0 -1 0 0 0 0 

Big Cypress Big Cypress Bayou 0 -1 0 0 0 0 
Calcasieu Upper Calcasieu R 0 -1 0 1 0 0 

Pearl Pearl R -1 -1 -1 -1 -1 0 

Sabine R -1 -1 -1 -1 -1 0 
Bayou Anacoco 0 -1 0 0 0 0 

Angelina R -1 -2 -2 -1 -1 0 
Neches R -1 -2 -1 -1 -1 0 
Lower Neches R -1 -1 0 0 0 0 

San Jacinto E FK San Jacinto R -1 -1 -1 0 -1 0 

Louisiana 
Pigtoe 

Sabine 

Neches 

Texas 
Heelsplitter 

Neches 

Trinity 

Threats 

Red 

Table C.2.5: Scenario 1 – moderate increase in stressors, 25 year time step stressors evaluation model output 

Habitat Factors Population  Factors 

SPECIES 
Representation 

Areas 
POPULATIONS (Focal Area) Water 

Quality 
Hydrology 

Habitat 
Structure/ 
Substrate 

Host Fish 
Availability 

Reproduction/ 
Recruitment 

Survival 
Occupied 

Habitat 
Abundance Change to Resiliency 

-21 

-26 
-11 

Sabine Sabine R/Toledo Bend -1 -1 -2 -4 -8 -5 -4 -17 

Texas Neches Neches R/BA Steinhagen -1 -2 -2 -5 -10 -6 -5 -21 

Heelsplitter Lower Neches R -1 -1 0 -2 -4 -3 -2 -9 

Trinity Grapevine LK -1 -1 0 -2 -4 -4 -2 -10 -12 
Trinity R/Livingston -1 -1 -1 -3 -6 -4 -3 -13 -16 

-10 
-5 
-5 
-5 
-5 
0 

-21 

-21 
-5 

-31 
-26 

Little R/Rolling FK 0 -1 -1 -2 -4 -2 -2 -8 

Red Cossatot R 0 -1 0 -1 -2 -1 -1 -4 
Saline R (Little) 0 -1 0 -1 -2 -1 -1 -4 
Lower Little R 0 -1 0 -1 -2 -1 -1 -4 

Big Cypress Big Cypress Bayou 0 -1 0 -1 -2 -1 -1 -4 
Calcasieu Upper Calcasieu R 0 -1 1 0 0 0 0 0 

Louisiana 
Pearl Pearl R -1 -1 -2 -4 -8 -5 -4 -17 Pigtoe 

Sabine Sabine R -1 -1 -2 -4 -8 -5 -4 -17 
Bayou Anacoco 0 -1 0 -1 -2 -1 -1 -4 

Neches 
Angelina R -1 -2 -3 -6 -12 -7 -6 -25 
Neches R -1 -2 -2 -5 -10 -6 -5 -21 
Lower Neches R -1 -1 0 -2 -4 -2 -2 -8 -10 

San Jacinto E FK San Jacinto R -1 -1 -1 -3 -6 -4 -3 -13 -16 
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Table C.2.6: Scenario 1 – moderate increase in stressors, 50 year time step stressors evaluation model input 

ETX FWM Scenario Development 

SPECIES 
Representation 

Areas 
POPULATIONS (Focal Area) 

Water Quality 
Changes 

Hydrology Changes 
Substrate 
Changes 

Fragmentation Direct Mortality Invasive Species 

Sabine Sabine R/Toledo Bend -1 -2 -1 -1 -1 0 

Neches R/BA Steinhagen -1 -2 -1 -1 -1 0 
Lower Neches R -1 -2 0 0 -1 0 
Grapevine LK -1 -2 0 0 -1 -1 
Trinity R/Livingston -2 -2 -1 0 -2 0 

Little R/Rolling FK -1 -2 -1 -1 -1 0 
Cossatot R -1 -2 -1 0 0 0 
Saline R (Little) -1 -2 -1 0 0 0 
Lower Little R 0 -1 0 0 0 0 

Big Cypress Big Cypress Bayou -1 -2 0 0 -1 0 
Calcasieu Upper Calcasieu R -1 -2 -1 0 0 0 

Pearl Pearl R -1 -1 -1 -1 -1 0 

Sabine R -1 -2 -1 -1 -1 0 
Bayou Anacoco -1 -2 -1 0 0 0 

Angelina R -2 -2 -2 -2 -1 0 
Neches R -1 -2 -1 -1 -1 0 
Lower Neches R -1 -2 0 0 0 0 

San Jacinto E FK San Jacinto R -2 -2 -2 0 -1 0 

Louisiana 
Pigtoe 

Sabine 

Neches 

Texas 
Heelsplitter 

Neches 

Trinity 

Threats 

Red 

Table C.2.7: Scenario 1 – moderate increase in stressors, 50 year time step stressors evaluation model output 

Habitat Factors Population  Factors 

SPECIES 
Representation 

Areas 
POPULATIONS (Focal Area) 

Water 
Quality 

Hydrology 
Habitat 

Structure/ 
Substrate 

Host Fish 
Availability 

Reproduction/ 
Recruitment 

Survival 
Occupied 

Habitat 
Abundance Change to Resiliency 

-26 Sabine Sabine R/Toledo Bend -1 -2 -2 -5 -10 -6 -5 -21 

Neches Neches R/BA Steinhagen -1 -2 -2 -5 -10 -6 -5 -21 -26 
Texas 

Lower Neches R -1 -2 0 -3 -6 -4 -3 -13 -16 
Heelsplitter 

Trinity Grapevine LK -1 -2 0 -3 -6 -5 -3 -14 -17 

Trinity R/Livingston -2 -2 -1 -5 -10 -7 -5 -22 -45 

-26 Little R/Rolling FK -1 -2 -2 -5 -10 -6 -5 -21 

Red Cossatot R -1 -2 -1 -4 -8 -4 -4 -16 -20 
Saline R (Little) -1 -2 -1 -4 -8 -4 -4 -16 -20 
Lower Little R 0 -1 0 -1 -2 -1 -1 -4 -5 

Big Cypress Big Cypress Bayou -1 -2 0 -3 -6 -4 -3 -13 -16 
Calcasieu Upper Calcasieu R -1 -2 -1 -4 -8 -4 -4 -16 -20 

Louisiana 
Pearl Pearl R -1 -1 -2 -4 -8 -5 -4 -17 -21 Pigtoe 

Sabine Sabine R -1 -2 -2 -5 -10 -6 -5 -21 -26 
Bayou Anacoco -1 -2 -1 -4 -8 -4 -4 -16 -20 

Neches 
Angelina R -2 -2 -4 -8 -16 -9 -8 -33 -45 
Neches R -1 -2 -2 -5 -10 -6 -5 -21 -26 

-15 Lower Neches R -1 -2 0 -3 -6 -3 -3 -12 
San Jacinto E FK San Jacinto R -2 -2 -2 -6 -12 -7 -6 -25 -45 
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Table C.2.8: Scenario 2 – severe increase in stressors, 10 year time step stressors evaluation model input 

ETX FWM Scenario Development 

SPECIES 
Representation 

Areas 
POPULATIONS (Focal Area) 

Water Quality 
Changes 

Hydrology Changes 
Substrate 
Changes 

Fragmentation Direct Mortality Invasive Species 

Sabine Sabine R/Toledo Bend -1 0 0 -1 -1 0 

Neches R/BA Steinhagen 0 0 0 0 0 0 
Lower Neches R 0 0 0 0 0 0 
Grapevine LK 0 0 0 0 0 0 
Trinity R/Livingston 0 0 0 0 0 0 

Little R/Rolling FK 0 0 0 0 0 0 
Cossatot R 0 0 0 0 0 0 
Saline R (Little) 0 0 0 0 0 0 
Lower Little R 0 0 0 0 0 0 

Big Cypress Big Cypress Bayou 0 0 0 0 0 0 
Calcasieu Upper Calcasieu R 0 1 0 1 0 0 

Pearl Pearl R 0 0 0 0 0 0 

Sabine R -1 0 0 -1 -1 0 
Bayou Anacoco 0 -1 -1 0 0 0 

Angelina R 0 0 -1 0 -1 0 
Neches R 0 0 0 0 0 0 
Lower Neches R 0 0 0 0 0 0 

San Jacinto E FK San Jacinto R 0 0 0 0 0 0 

Louisiana 
Pigtoe 

Sabine 

Neches 

Texas 
Heelsplitter 

Neches 

Trinity 

Threats 

Red 

Table C.2.9: Scenario 2 – severe increase in stressors, 10 year time step stressors evaluation model output 

Habitat Factors Population  Factors 

SPECIES 
Representation 

Areas 
POPULATIONS (Focal Area) Water 

Quality 
Hydrology 

Habitat 
Structure/ 
Substrate 

Host Fish 
Availability 

Reproduction/ 
Recruitment 

Survival 
Occupied 

Habitat 
Abundance Change to Resiliency 

-11 

0 
0 

Sabine Sabine R/Toledo Bend -1 0 -1 -2 -4 -3 -2 -9 

Neches Neches R/BA Steinhagen 0 0 0 0 0 0 0 0
Texas 

Lower Neches R 0 0 0 0 0 0 0 0Heelsplitter 

Trinity Grapevine LK 0 0 0 0 0 0 0 0 0 
Trinity R/Livingston 0 0 0 0 0 0 0 0 0 

0 
0 
0 

Little R/Rolling FK 0 0 0 0 0 0 0 0 

Red Cossatot R 0 0 0 0 0 0 0 0 
Saline R (Little) 0 0 0 0 0 0 0 0 
Lower Little R 0 0 0 0 0 0 0 0 0 

0 
10 

Big Cypress Big Cypress Bayou 0 0 0 0 0 0 0 0 
Calcasieu Upper Calcasieu R 0 1 1 2 4 2 2 8 

Louisiana 
Pearl Pearl R 0 0 0 0 0 0 0 0 0Pigtoe 

Sabine Sabine R -1 0 -1 -2 -4 -3 -2 -9 -11 
Bayou Anacoco 0 -1 -1 -2 -4 -2 -2 -8 -10 

Neches 
Angelina R 0 0 -1 -1 -2 -2 -1 -5 -6 
Neches R 0 0 0 0 0 0 0 0 0 
Lower Neches R 0 0 0 0 0 0 0 0 0 

San Jacinto E FK San Jacinto R 0 0 0 0 0 0 0 0 0 
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Table C.2.10: Scenario 2 – severe increase in stressors, 25 year time step stressors evaluation model input 

ETX FWM Scenario Development 

SPECIES 
Representation 

Areas 
POPULATIONS (Focal Area) 

Water Quality 
Changes 

Hydrology Changes 
Substrate 
Changes 

Fragmentation Direct Mortality Invasive Species 

Sabine Sabine R/Toledo Bend -1 -2 -1 -1 -1 0 

Neches R/BA Steinhagen -1 -2 -1 -1 -1 0 
Lower Neches R -1 -1 0 0 -1 0 
Grapevine LK -1 -1 0 0 -1 -1 
Trinity R/Livingston -1 -1 -1 0 -1 0 

Little R/Rolling FK 0 -1 -1 0 0 0 
Cossatot R 0 -1 0 0 0 0 
Saline R (Little) 0 -1 0 0 0 0 
Lower Little R 0 -1 0 0 0 0 

Big Cypress Big Cypress Bayou 0 -1 0 0 0 0 
Calcasieu Upper Calcasieu R -1 -2 0 1 -1 0 

Pearl Pearl R -1 -1 -1 -1 -1 0 

Sabine R -1 -2 -1 -1 -1 0 
Bayou Anacoco -1 -2 0 0 -1 0 

Angelina R -1 -2 -2 -1 -1 0 
Neches R -1 -2 -1 -1 -1 0 
Lower Neches R -1 -1 0 0 0 0 

San Jacinto E FK San Jacinto R -1 -1 -1 0 -1 0 

Louisiana 
Pigtoe 

Sabine 

Neches 

Texas 
Heelsplitter 

Neches 

Trinity 

Threats 

Red 

Table C.2.11: Scenario 2 – severe increase in stressors, 25 year time step stressors evaluation model output 

Habitat Factors Population  Factors 

SPECIES 
Representation 

Areas 
POPULATIONS (Focal Area) 

Water 
Quality 

Hydrology 
Habitat 

Structure/ 
Substrate 

Host Fish 
Availability 

Reproduction/ 
Recruitment 

Survival 
Occupied 

Habitat 
Abundance Change to Resiliency 

Sabine Sabine R/Toledo Bend -1 -2 -2 -5 -10 -6 -5 -21 -26 

Neches Neches R/BA Steinhagen -1 -2 -2 -5 -10 -6 -5 -21 -26 
Texas 

Lower Neches R -1 -1 0 -2 -4 -3 -2 -9 -11 
Heelsplitter 

Trinity Grapevine LK -1 -1 0 -2 -4 -4 -2 -10 -12 
Trinity R/Livingston -1 -1 -1 -3 -6 -4 -3 -13 -16 

Little R/Rolling FK 0 -1 -1 -2 -4 -2 -2 -8 -10 

Red Cossatot R 0 -1 0 -1 -2 -1 -1 -4 -5 
Saline R (Little) 0 -1 0 -1 -2 -1 -1 -4 -5 
Lower Little R 0 -1 0 -1 -2 -1 -1 -4 -5 

Big Cypress Big Cypress Bayou 0 -1 0 -1 -2 -1 -1 -4 -5 
Calcasieu Upper Calcasieu R -1 -2 1 -2 -4 -3 -2 -9 -11 

Louisiana 
Pearl Pearl R -1 -1 -2 -4 -8 -5 -4 -17 -21 Pigtoe 

Sabine Sabine R -1 -2 -2 -5 -10 -6 -5 -21 -26 
Bayou Anacoco -1 -2 0 -3 -6 -4 -3 -13 -16 

Neches 
Angelina R -1 -2 -3 -6 -12 -7 -6 -25 -31 
Neches R -1 -2 -2 -5 -10 -6 -5 -21 -26 
Lower Neches R -1 -1 0 -2 -4 -2 -2 -8 -10 

San Jacinto E FK San Jacinto R -1 -1 -1 -3 -6 -4 -3 -13 -16 
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Table C.2.12: Scenario 2 – severe increase in stressors, 50 year time step stressors evaluation model input 

ETX FWM Scenario Development 

SPECIES 
Representation 

Areas 
POPULATIONS (Focal Area) 

Water Quality 
Changes 

Hydrology Changes 
Substrate 
Changes 

Fragmentation Direct Mortality Invasive Species 

Sabine Sabine R/Toledo Bend -2 -2 -1 -1 -1 0 

Neches R/BA Steinhagen -2 -2 -1 -1 -1 0 
Lower Neches R -2 -2 0 0 -1 0 
Grapevine LK -1 -2 0 0 -1 -1 
Trinity R/Livingston -2 -2 -1 0 -2 0 

Little R/Rolling FK -2 -2 -1 -1 -1 0 
Cossatot R -2 -2 -1 0 0 0 
Saline R (Little) -2 -2 -1 -1 0 0 
Lower Little R -2 -2 0 0 0 0 

Big Cypress Big Cypress Bayou -2 -2 0 0 -1 0 
Calcasieu Upper Calcasieu R -2 -2 -1 -1 0 0 

Pearl Pearl R -1 -2 -1 -1 -1 0 

Sabine R -2 -2 -1 -1 -1 0 
Bayou Anacoco -2 -2 -1 0 0 0 

Angelina R -2 -2 -2 -2 -1 0 
Neches R -2 -2 -1 -1 -1 0 
Lower Neches R -2 -2 0 0 0 0 

San Jacinto E FK San Jacinto R -2 -2 -2 0 -2 0 

Louisiana 
Pigtoe 

Sabine 

Neches 

Texas 
Heelsplitter 

Neches 

Trinity 

Threats 

Red 

Table C.2.13: Scenario 2 – severe increase in stressors, 50 year time step stressors evaluation model output 

Habitat Factors Population  Factors 

SPECIES 
Representation 

Areas 
POPULATIONS (Focal Area) 

Water 
Quality 

Hydrology 
Habitat 

Structure/ 
Substrate 

Host Fish 
Availability 

Reproduction/ 
Recruitment 

Survival 
Occupied 

Habitat 
Abundance Change to Resiliency 

Sabine Sabine R/Toledo Bend -2 -2 -2 -6 -12 -7 -6 -25 -45 

Neches Neches R/BA Steinhagen -2 -2 -2 -6 -12 -7 -6 -25 -45 
-45 

Texas 
Lower Neches R -2 -2 0 -4 -8 -5 -4 -17 Heelsplitter 

Trinity Grapevine LK -1 -2 0 -3 -6 -5 -3 -14 -17 
Trinity R/Livingston -2 -2 -1 -5 -10 -7 -5 -22 -45 
Little R/Rolling FK -2 -2 -2 -6 -12 -7 -6 -25 -45 

-45 Red Cossatot R -2 -2 -1 -5 -10 -5 -5 -20 
Saline R (Little) -2 -2 -2 -6 -12 -6 -6 -24 -45 
Lower Little R -2 -2 0 -4 -8 -4 -4 -16 -45 

Big Cypress Big Cypress Bayou -2 -2 0 -4 -8 -5 -4 -17 -45 
-45 Calcasieu Upper Calcasieu R -2 -2 -2 -6 -12 -6 -6 -24 

Louisiana 
Pearl Pearl R -1 -2 -2 -5 -10 -6 -5 -21 -26 Pigtoe 

Sabine Sabine R -2 -2 -2 -6 -12 -7 -6 -25 -45 
Bayou Anacoco -2 -2 -1 -5 -10 -5 -5 -20 -45 

-45 
Neches 

Angelina R -2 -2 -4 -8 -16 -9 -8 -33 
Neches R -2 -2 -2 -6 -12 -7 -6 -25 -45 
Lower Neches R -2 -2 0 -4 -8 -4 -4 -16 -45 

San Jacinto E FK San Jacinto R -2 -2 -2 -6 -12 -8 -6 -26 -45 
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Table C.2.14: Future population condition for Louisiana Pigtoe and Texas Heelsplitter resiliency under each scenario and time-step 

Future Scenarios 
Scenario 1:  Moderate Increase in 

Stessors - (RCP 4.5) 
Scenario 2: Severe Increase in 

Stressors - (RCP 8.5) 

SPECIES 
Representation 

Areas 
POPULATIONS 
(Focal Areas) 

Current 
Condition 

10-yrs 25-yrs 50-yrs 10-yrs 25-yrs 50-yrs 

Sabine Sabine R/Toledo Bend Extirpated Extirpated Extirpated Extirpated Extirpated Extirpated Extirpated 

Texas Neches 
Neches R/BA Steinhagen Low Low Low Low Low Low Extirpated 

Lower Neches R Low Low Low Extirpated Low Low Extirpated 
Heelsplitter 

Grapevine LK Extirpated Extirpated Extirpated Extirpated Extirpated Extirpated Extirpated 
Trinity 

Trinity R/Livingston low Low Low Extirpated Low Low Extirpated 

Little R/Rolling FK Moderate Moderate Low Low Moderate Low Low 

Red Cossatot R High High High Moderate High High Low 

Saline R (Little) Moderate Moderate Moderate Low Moderate Low Low 

Lower Little R Extirpated Extirpated Extirpated Extirpated Extirpated Extirpated Extirpated 

Big Cypress Big Cypress Bayou Moderate Moderate Moderate Low Moderate Moderate Low 

Louisiana 
Calcasieu Upper Calcasieu R Low Low Low Extirpated Low Low Extirpated 

Pigtoe Pearl Pearl R Low Low Low Low Low Low Extirpated 

Sabine 
Sabine R Extirpated Extirpated Extirpated Extirpated Extirpated Extirpated Extirpated 

Bayou Anacoco Moderate Low Moderate Low Low Moderate Extirpated 

Angelina R Low Low Low Extirpated Low Low Extirpated 

Neches Neches R High High Low Low High Low Low 

Lower Neches R Low Low Low Low Low Low Extirpated 

San Jacinto E FK San Jacinto R Low Low Low Extirpated Low Extirpated Extirpated 
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  Figure C.1 Large-sized Current and Future Population Condition Maps for Texas Heelsplitter 
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APPENDIX D. DESCRIPTIONS OF SELECT INDICES OF HYDROLOGIC 
ALTERATION EVALUATED AS PART OF STUDY: “ASSESSMENT AND 
REVIEW OF HYDROLOGICAL RELATIONSHIPS FOR MUSSELS IN EAST 
TEXAS” 
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-day minimum 

3-day minimum 

7-day minimum 

30-day minimum 

90-day minimum 

1-day maximum 

3-day maximum 

7-day maximum 

30-day maximum 

90-day maximum 

Number of zero days 

Base flow index 

Date of minimum 

Date of maximum 

Low pulse count 

Low pulse duration 

High pulse count 

High pulse duration 

Rise rate 

Fall rate 

Number of reversals 

Group 2: Magnitude and duration of annual extreme flow conditions 

Annual minimum 1-day mean discharge 

Annual minimum 3-day mean discharge 

Annual minimum 7-day mean discharge 

Annual minimum 30-day mean discharge 

Annual minimum 90-day mean discharge 

Annual maximum 1-day mean discharge 

Annual maximum 3-day mean discharge 

Annual maximum 7-day mean discharge 

Annual maximum 30-day mean discharge 

Annual maximum 90-day mean discharge 

Number of days having a discharge of zero for each year 

Minimum 7-day mean divided by mean annual flow for each year 

Group 3: Timing of annual minimum and maximum flow conditions 

Julian date of each annual I-day maximum 

Julian date of each annual !-day minimum 

roup : requency an 

Number of low-flow pulses within each year 

Duration of low-flow pulses within each year 

Number of high-flow pulses within each year 

Duration of high-flow pulses within each year 

Parameter Group 5: Rate and frequency of change in flow 

Median of all positive differences between consecutive daily means 

Median of all negative differences between consecutive daily means 

Median number of times in which flow switched from a rising period 
to a falling period or from a falling period to a rising period 

ft3/s 

ft3/s 

ft.3/s 

Count 

Julian date 

Julian date 

Count 

Days 

Count 

Days 

ft' /s 

ft3/s 

Count 

Appendix D:  Descriptions for Select Indices of Hydrologic Alteration Evaluated (red boxes). 

Louisiana Pigtoe & Texas Heelsplitter Draft SSA Report D-2 May 2020 



 

 
   
  

 
 

 

     
 
 
  

Monarch (Danaus plexippus) 
Species Status Assessment Report, version 2.1 

September 2020 

Photo: Kelly Nail 

Prepared by: 

U.S. Fish and Wildlife Service 



 

 
 

 

                
           

         
         

           
       

     
      

      
    

      

           
          

          
   

       
        
     

 

       

        
      

Acknowledgments 

The SSA analyses and reports (Versions 1 and 2) were conducted by the SSA Core Team: [U.S. 
Fish and Wildlife Service] Jennifer Szymanski, Kelly Nail, Kristen Voorhies, Steve Choy, Ryan 
Drum, Cat Darst, Lara Drizd, Kristen Lundh, Barbara Hosler, Michelle Shaughnessy, Tara 
Nicolaysen, and Sarah Warner, and [State Representative] Karen Kinkead and Karen Miner. 

We would like to recognize the following experts for providing their expertise and for 
participating in the formal expert elicitation process: Anurag Agrawal, Sonia Altizer, Lincoln 
Brower, Goggy Davidowitz, Andy Davis, Greg Dwyer, Linda Fink, Matt Forister, Cameron 
Ghalambor, Nancy Golden, Jessica Griffiths, Pablo F. Jaramillo-López, Sarina Jepsen, Vera 
Krischik, Stephen Malcolm, Therese Markow, Dan Meade, Gail Morris, Karen Oberhauser, Ian 
Pearse, Emma Pelton, Katy Prudic, Jacobus de Roode, Cheryl Schultz, Chip Taylor, Francis 
Villablanca, Lisa Williams, and Louie Yang. 

Additionally, we would like to thank the following experts for their contributions to our analyses 
and for their help clarifying Version 1 SSA text: Erik Beever, Mason Fidino, Chris Funk, 
Cameron Ghalambor, Nancy Golden, Richard Lankau, Jeff Oliver, Brice Semmens, Wayne 
Thogmartin, and Dave Warburton. 

We would also like to thank other U.S. Fish and Wildlife and State personnel who contributed to 
this or the previous version: Ed Boggess, Katie Boyer, Beth Forbus, Kim Mitchell, Susan Olcott, 
Erik Olson, and Georgia Parham. 

Suggested Reference 

U.S. Fish and Wildlife Service. 2020. Monarch (Danaus plexippus) Species Status Assessment 
Report. V2.1 96 pp + appendices. 

*The changes from version 2.0 (July 2020) to 2.1 (Sept 2020) are minor corrections and do not 
change the results of the SSA analyses. 

i 



 

 
 

  

         
           

         
        

           
            
 

          
           

         
          

          
               

    

 
 

 
   

  

            
       

          
          

            
         

          
           

  

        
          

           

20 

18 

16 

14 

12 

10 

Eastern Monarch Population (in hectares) 

0 _...., ........ ~~------,,fi\~,,., ,o,o,\,f\ .. ~<t,,o,°'°'"v@r.::,"vr§> \_r§>"v,..,_,@"'"v# "vr§>-,.,"1,,r-§>1::,'\,r§>\@<t,"\,r§>°''\,r.::,'r.::,'\r:::i'''\,~,'\"vr.::,'"'"\,r.::,''>-'\,r.::,'-","vr.::,'b"\,~,"'\~,'+>"vr.::,'-°' 

Year (at the start of the winter) 

1,400.000 

1,200,000 

1,000,000 

800,000 

600,000 

,100,000 

200,000 

0 

Western Monarch Population 

- :. of si tes monitored 

,~ ...... ,~\rfi°'....,# '\,-S,'_.f'\,'\,<@"',.,_# '),,s,\,s,b'\,,S, '\'\,S,4:,,.,_,S>"'i'\,~'-\<;:::,'-\<;:::,~""l,~,...,"l,'-:J'-\<;:::,'\~'\r:::,''\'\,<;:::,'-4:,"l,'.),'-'l 

Ye:11r(2t 1he i.1ar1 of 1hewln1er) 

Executive Summary 

The monarch, Danaus plexippus, is a species of butterfly globally distributed throughout 90 
countries, islands, and island groups. These butterflies are well known for their phenomenal 
long-distance migration in the North American populations. Descendants of these migratory 
monarch populations expanded from North America to other areas of the world where milkweed 
(their larval host plant) was already present or introduced. With the year-round presence of 
milkweed and suitable temperatures, many of these global monarch populations no longer 
migrate. 

Two North American populations, the migratory populations located east and west of the Rocky 
Mountains, have been monitored at their respective overwintering sites in Mexico and California 
since the mid-1990s. While these populations fluctuate year-to-year with environmental 
conditions, these census data indicate long-term declines in the population abundance at the 
overwintering sites in both populations (Figure E1). These declining trends led to the petition of 
the U.S. Fish and Wildlife Service to list the monarch butterfly for protection under the 
Endangered Species Act of 1973, as amended. 

a. b. 

Figure E1. Eastern (a) and western (b) North American monarch population sizes, as measured at 
overwintering sites in terms of hectares (eastern) and total number (western). The western population 
count also has a blue line indicating survey effort (number of sites monitored). Horizontal black bars with 
labels indicate the decadal average population counts. 

Using the best available scientific information about monarchs in North America and worldwide, 
we conducted a species status assessment (SSA). This report summarizes the results of our SSA. 
We delineated the historical number and distribution of monarch populations, assessed the status 
and health of the currently extant populations, identified the key drivers of their health, 
forecasted the likely future change in these drivers and monarch population responses to these 
changes, and evaluated the consequences of the population responses to monarch viability. 
Specifically, we evaluated the ability of the monarch to withstand environmental stochasticity 
(resiliency), catastrophes (redundancy), and novel changes in its biological and physical 
environment (representation). 

We delineated 31 historical populations; of these, 27 are extant and 4 have unknown status. 
Outside of the 2 migratory North American populations, the health of the remaining 29 
populations is undeterminable due to limited information available on population trends and 
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stressors. However, at least 15 of these populations are at risk of extinction due to climate change 
related sea level rise or unsuitably high temperatures. The results for the two migratory North 
American populations show that both are facing declining numbers and overall health. 

The primary drivers affecting the health of the two North American migratory populations are 
primarily: loss and degradation of habitat (from conversion of grasslands to agriculture, 
widespread use of herbicides, logging/thinning at overwintering sites in Mexico, senescence and 
incompatible management of overwintering sites in California, urban development, and drought), 
continued exposure to insecticides, and effects of climate change. Relative to the recent past, 
both the eastern and western North American populations have lower abundances and declining 
population growth rates. Using the best available science, we estimated the probability of the 
population abundance reaching the point at which extinction is inevitable (pE) for each 
population given their current abundance and growth rate, as well as under projected future 
conditions. The pE for the western population is high (60% to 68% chance within 10 years, 
reaching 99% by year 60) under current conditions and increases under projected future 
conditions. For the eastern population, the pE in 60 years under current conditions ranges from 
48% to 69%, and under the projected future conditions, it ranges from 56% to 74%. The range in 
the estimates represents the best and worst plausible future state conditions of the primary 
drivers. 

Additionally, at the current and projected low population numbers, both the eastern and western 
populations are more vulnerable to catastrophic events (e.g., extreme storms at the overwintering 
habitat) than in the past. These risks, however, are not captured in the pE estimates. Similarly, 
we found that under different climate change scenarios, the number of days and the area in which 
monarchs will be exposed to unsuitably high temperatures will increase markedly. We were 
unable to incorporate the effects of high daily temperatures into the extinction analyses, and thus, 
these risks as well are not fully captured in the pE estimates. 

The extinction of either the western or eastern North American migratory population would 
increase the risk of losing the North American migratory phenomenon, as its persistence would 
depend solely upon the continued survival of a single population. Moreover, loss of either 
population would impair the species’ ability to adapt into the future. The North American 
populations are unique in their long-distance migratory ability, and they represent unique sources 
of genetic and ecological diversity. Further, these two populations represent the historical and 
current core of the species and the ancestral lineage of the species. The eastern North American 
population is by far the largest of all populations (both in number of individuals and range size), 
and the western North American population encompasses as much as 30% of the geographic 
range occupied by monarch butterflies in North America. Accordingly, loss of these two ACUs 
would reduce monarch diversity, rendering the species less able to adapt to novel changes in its 
environment now and in the future and thereby increasing the extinction risk of the monarch. The 
chance of both populations persisting above the extinction threshold over the next 10 years is 
27% to 33% (under future conditions) and drops under 10% within 30 years. Based on this 
information and other analyses of influences included in this SSA, monarch viability is declining 
and is projected to continue declining over the next 60 years. 
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Chapter 1: Introduction & Analytical Framework 

The Center for Biological Diversity, Center for Food Safety, Xerces Society, and Dr. Lincoln 
Brower petitioned the U.S. Fish and Wildlife Service (USFWS) to list the monarch (Danaus 
plexippus plexippus) as a threatened species under the Endangered Species Act of 1973, as 
amended (Act) on August 26, 2014 (Center for Biological Diversity et al. 2014). In December 
2014, USFWS found the petition presented substantial scientific or commercial information that 
indicated listing the monarch may be warranted (79 FR 78775) and initiated a rangewide status 
review. 

This report summarizes the results of a species status assessment (SSA) conducted for the 
monarch butterfly, and it is intended to provide the biological support for the decision on 
whether the monarch warrants listing under the Act. Importantly, the SSA report is not a 
decisional document; rather it provides a review of available information strictly related to the 
species’ biological status. The USFWS will make a listing determination after reviewing this 
document and all relevant laws, regulations, and policies, and will announce the results of the 
determination in the Federal Register, with appropriate opportunity for public input. This report 
has undergone peer and state review and incorporates the best available scientific data. 

This chapter describes the analytical framework and the conservation principles used to assess 
monarch viability over time. Chapter 2 summarizes the ecological requirements for survival and 
reproduction at the individual, population, and species levels. Chapter 3 details the methods 
underlying our analyses. Chapters 4 and 5 summarize the historical and current conditions of 
monarch, respectively, and identifies the key factors (referred to as influences) that contributed 
to the species’ current condition. Chapter 6 describes the projected changes in these key 
influences. Chapter 7 summarizes the projected future condition of the monarch given the 
plausible projections of the key influences. Lastly, Chapter 8 synthesizes the above analyses and 
describes how the consequent change in the number, health, and distribution of monarch 
populations influence monarch viability over time. In this final chapter, we also describe sources 
of uncertainty and the implications of this uncertainty. Additionally, we include four appendices 
providing further information on taxonomy, methodology, results, and other drivers considered. 

Analytical Framework 

Viability is the ability of a species to maintain populations in the wild over time. To assess 
viability, we use the conservation biology principles of resiliency, redundancy, and 
representation (Shaffer and Stein 2000, pp. 308-311). Meaning, to sustain populations over time, 
a species must have a sufficient number of populations distributed throughout its geographic 
range to withstand: 

(1) environmental stochasticity and disturbances (Resiliency), 
(2) catastrophes (Redundancy), and 
(3) novel changes in its biological and physical environment (Representation). 

Viability is a continuous measure of the likelihood of sustaining populations over time and can 
be defined in relative terms, such as “low” or “high” viability. A species with a high degree of 
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resiliency, representation, and redundancy (the 3Rs) is generally better able to adapt to future 
changes and to tolerate catastrophes, environmental stochasticity, and stressors, and thus, 
typically has high viability. 

Resiliency is the ability of the species to withstand and sustain populations through 
environmental stochasticity (normal, year-to-year variations in environmental conditions, such as 
temperature or rainfall), periodic disturbances (fire, floods, storms, etc.), and anthropogenic 
stressors (factors that cause a negative effect to a species or its habitat) (Redford et al. 2011, p. 
40). Simply stated, resiliency refers to a species’ ability to sustain populations through favorable 
and unfavorable environmental conditions and anthropogenic impacts. 

Resiliency is multi- faceted. First, it requires having healthy populations demographically (robust 
survival, reproductive, and growth rates), genetically (large effective population size, high 
heterozygosity, and gene flow between populations), and physically (good body condition). 
Second, resiliency also requires having healthy populations distributed across heterogeneous 
environmental conditions (referred to as spatial heterogeneity; this includes factors such as 
temperature, precipitation, elevation, and aspect). Because environmental stochasticity can 
operate at regional scales (Hanski and Gilpin 1997, p. 372), populations tend to fluctuate in 
synchrony over broad geographical areas (Kindvall 1996, pp. 207, 212; Oliver et al. 2010, pp. 
480-482). Spatial heterogeneity induces asynchronous fluctuations among populations, thereby 
guarding against concurrent population declines. Lastly, resiliency often requires connectivity 
among populations to maintain robust population- level heterozygosity via gene flow among 
populations and to foster demographic rescue following population decline or extinction due to 
stochastic events. 

Redundancy is the ability of a species to withstand catastrophes; defined here as highly 
consequential events (cause population extinction) for which adaptation is unlikely (Mangal and 
Tier 1993, p. 1083). For all species, a minimal level of redundancy is essential for long-term 
viability (Shaffer and Stein 2000, pp. 307, 309-310; Groves et al. 2002, p. 506). Reducing the 
risk of extinction due to a single or series of catastrophic events requires having multiple 
populations widely distributed across the species’ range, with connectivity among groups of 
locally adapted populations to facilitate demographic rescue following population decline or 
extinction. This provides a margin of safety to reduce the risk of losing substantial portions of 
genetic diversity or the entire species to a single or series of catastrophic events. 

Representation is the ability of a species to adapt to both near-term and long-term novel changes 
in the conditions of its environment, both physical (climate conditions, habitat conditions, habitat 
structure, etc.) and biological (novel pathogens, competitors, predators, etc.). This ability, 
referred to as adaptive capacity, is essential for viability because species need to continually 
adapt to their continuously changing environment (Nicotra et al. 2015, p. 1269). Species adapt to 
novel changes in their environment by either 1) moving to new, suitable environments or 2) by 
altering their physical or behavioral traits (phenotypes) to match the new environmental 
conditions through either plasticity or genetic change (Beever et al. 2016, p. 132; Nicotra et al. 
2015, p. 1270). 
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Maintaining a species’ ability to disperse and colonize new environments fosters adaptive 
capacity by allowing species to move from areas of unsuitable conditions to regions with more 
favorable conditions. It also fosters adaptive capacity by increasing genetic diversity via gene 
flow, which is, as discussed below, important for evolutionary adaptation (Hendry et al. 2011, p. 
173; Ofori et al. 2017, p. 1). Thus, maintaining natural levels of connectivity among populations 
is important for preserving a species’ adaptive capacity (Nicotra et al. 2015, p. 1272). 

Maintaining a species’ ability to adapt to novel conditions also requires preserving the breadth of 
genetic variation. Species alter their physical or behavioral traits (phenotypes) to match new 
environmental conditions through either genetic change or plasticity (see Text Box 1.1). For 
adaptation to occur, whether through plasticity or evolutionary adaptation, there must be genetic 
variation upon which selection can act (Hendry et al. 2011, pp. 164-165; Lankau et al. 2011, p. 
320; Sgro et al. 2011, p. 326). Without genetic variation, the species cannot adapt and is more 
prone to extinction (Spielman et al. 2004, p. 15263; also see Text Box 1.1). 

Text Box. 1.1. Species Adaptation. Species alter their physical or behavioral traits 
(phenotypes) to match new environmental conditions through either genetic change or 
plasticity (Chevin et al. 2010, p. 2-3; Hendry et al. 2011, p. 162; Nicotra et al. 2015, 
p.1270). Genetic change, referred to as evolutionary adaptation or potential, involves a 
change in phenotypes via an underlying genetic change (specifically, a change in allele 
frequency) in response to novel environmental cues (Nicotra et al. 2015, p. 1271; Ofori 
et al. 2017, p. 2). Plasticity, unlike evolutionary adaptation, involves a change in 
phenotypes (phenotypic plasticity) without undergoing changes in the genetic makeup 
(Nicotra et al. 2015, p. 1271-1272). Plasticity is an important mechanism for species to 
adapt both in immediate and future time frames. In the immediate time frame, plasticity 
directly acts to allow species to persist despite novel changes in the environment. In the 
longer time frame, plasticity contributes to a species’ adaptive capacity by buying time 
for adaptive evolution to occur through genetic changes (referred to as genetic 
assimilation, see Ghalambor et al. 2007, p. 395; Nicotra et al. 2015, p. 1271). Not all 
genetic and plastic induced changes are adaptive; changes must lead to improved fitness 
to be adaptive (Nicotra et al. 2015, p. 1271-1272). Importantly, however, adaptive traits 
can vary over space and time; what is adaptive in one location may not be adaptive in 
another, and similarly, what is adaptive today may not be under future conditions and 
vice versa (Nicotra et al. 2015, p. 1271-1272). Thus, maintaining the full breadth of 
variation in both plastic traits and genetic diversity is important for preserving a species’ 
adaptive capacity. 

Genetic variation that is adaptive is difficult to identify for a species and represents a significant 
challenge even when there is genetic information available. To denote variation as ‘adaptive’ we 
need to identify which loci are under selection, which traits those loci control, how those traits 
relate to fitness, and what the species’ evolutionary response to selection on those traits will be 
over time (Hendry et al. 2011, p. 162-163; Lankau et al. 2011, p. 316; Teplitsky et al. 2014, p. 
190). Although new genomic techniques are making it easier to obtain this type of information 
(see Funk et al. 2019), it is lacking for most species. Fortunately, there are several proxies that 
collectively can serve as indicators of potentially underlying adaptive genetic variation. One of 
the easiest proxies to measure is variation in biological traits (also described as phenotypic 
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variation). Phenotypic variation, which on its own can be a mechanism for adapting to novel 
changes, can be due to underlying adaptive genetic variation (Crandall et al. 2000, p. 291; 
Forsman 2014, p. 304; Nicotra et al. 2015, p. 3). A second proxy for adaptive genetic variation is 
neutral genetic variation, which is usually the type of genetic data first reported in species-
specific genetic studies (see Text Box 1.2). A third, and more distant, proxy for adaptive genetic 
variation is disjunct or peripheral populations (Ruckelhaus et al. 2002, p. 322). These 
populations can be exposed to the extremes in climate tolerances for the species and thus harbor 
unique and potentially adaptive traits. Similarly, populations that occur across steep 
environmental gradients can be indicators of underlying adaptive genetic diversity because local 
adaptation is driven by environmental conditions, which are continually changing at different 
rates and scales (Sgro et al. 2011, p. 330, 333). 

Text Box. 1.2. Genetic diversity. Genetic variation can be partitioned into two types: 
adaptive and neutral genetic diversity. Both types are important for preserving the 
adaptive capacity of a species (Moritz 2002, p. 243), but in different ways. Genetic 
variation under selection underlies traits that are locally adaptive and that determine 
fitness (Holderegger et al. 2006, pp. 801, 803; Lankau et al. 2011, p. 316); thus, it is the 
variation that underpins adaptive evolution (Sgro et al. 2011, p. 328). This type of 
genetic variation is referred to as adaptive genetic diversity and determines the capacity 
for populations to exhibit an adaptive evolutionary response to changing environmental 
conditions. Conversely, neutral genetic variation refers to regions of the genome that 
have no known direct effect on fitness (i.e., selectively neutral) and change over time due 
to non-deterministic processes like mutation and genetic drift (Sgro et al. 2011, p. 328). 
Although, by definition, neutral genetic variation is not under selection, it contributes to 
the adaptive capacity of a species in a couple of ways. First, neutral genetic variation that 
is statistically neutral in one environment may be under selection--and thus adaptive--in 
a different environment (Nicotra et al. 2015, p. 1271-1272). Second, neutral markers can 
allow us to infer evolutionary lineages, which is important because distinct evolutionary 
lineages may harbor locally adaptive traits (Hendry et al. 2011, p. 167), and hence, serve 
as an indicator of underlying adaptive genetic variation. Thus, maintaining the full 
breadth of neutral and adaptive genetic diversity is important for preserving a species’ 
adaptive capacity. 

Lastly, preserving a species’ adaptive capacity requires maintaining the natural levels of the 
processes that allow for evolution to occur; namely, natural selection and gene flow (Crandall et 
al. 2000, p. 290-291; Sgro et al. 2011, p. 327; Zackay 2007, p. 1). Natural selection is the process 
by which heritable traits can become more (selected for) or less (not selected for) common in a 
population via differential survival or reproduction (Hendry et al. 2011, p. 169). To preserve 
natural selection as a functional evolutionary force, it is necessary to maintain populations across 
an array of environments (Hoffmann and Sgro 2011, p. 484; Lankau et al. 2011, p. 320; Sgro et 
al. 2011, p. 332; Shaffer and Stein 2000, p. 308). Gene flow serves as an evolutionary process by 
introducing new alleles (variant forms of genes) into a population, thereby, increasing the gene 
pool size (genetic diversity). Maintaining the natural network of genetic connections between 
populations will foster and preserve the effectiveness of gene flow as an evolutionary process 
(Crandall et al. 2000, p. 293). Along with maintaining large effective population sizes, 
preserving genetic connections among populations also helps minimize the loss of genetic 
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variation due to genetic drift (Crandall et al. 2000, p. 293). Large population numbers also 
important to adaptive capacity because the level of diversity is influenced by population size and 
the rate of evolutionary adaptation is faster in populations with high diversity (Ofori et al. 2017, 
p.2). 
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Chapter 2: Species Ecology 

This chapter describes the ecological requirements for survival and reproduction at the 
individual, population, and species levels (the first step of our analytical framework). 

Species Description 

The monarch, Danaus plexippus (Linneaus, 1758), is a species of butterfly in the order 
Lepidoptera (family Nymphalidae) that occurs in North, Central, and South America; Australia; 
New Zealand; islands of the Pacific and Caribbean, and elsewhere (Malcolm and Zalucki 1993, 
p. 3-5; Fig. 4.1). Adult monarch butterflies are large and conspicuous, with bright orange wings 
surrounded by a black border and covered with black veins. The black border has a double row 
of white spots, present on the upper side and lower side of forewings and hindwings (Bouseman 
and Sternburg 2001, p. 222). Adult monarchs are sexually dimorphic, with males having 
narrower wing venation and scent patches (CEC 2008, p.11; Figure 2.0). The bright coloring of a 
monarch is aposematic, as it serves as a warning to predators that eating them can be toxic. 

Figure 2.0. Male monarch on milkweed. Note the arrow pointing to the black dots known as 
androconial scent patches on the hind wings. These are not present on female monarchs. Photo 
by Tim Koerner, USFWS. 

Taxonomy 

In 2014, a petition was received to list the subspecies of the monarch butterfly (Danaus 
plexippus plexippus) under the Endangered Species Act (Center for Biological Diversity et al. 
2014). The petition also requested a determination of whether any new North American 
subspecies of Danaus plexippus should be listed. After careful examination of the literature and 
consultation with experts, there is no clearly agreed upon definition of potential subspecies of 
Danaus plexippus or where the geographic borders between these subspecies might exist. Given 
these findings, we examined the entire range of Danaus plexippus for this assessment. For more 
information on taxonomy, see Appendix 1. 
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Larva 
9-18 days 

Egg 
2-5 days 

Chrysalis 
6-14 days 

Adult 
2-5 weeks 

(summer/breeding) 

6-9 months 
(w inter, if migratory) 

Individual-Level Ecology and Requirements 

Below we describe the ecological needs for monarch individuals to survive and reproduce; these 
needs are summarized in Table 2.1. During the breeding season, monarchs lay their eggs on their 
obligate milkweed host plant (primarily Asclepias spp.), and larvae emerge after two to five days 
(Zalucki 1982, p. 242; CEC 2008, p. 12). Larvae develop through five larval instars (intervals 
between molts) over a period of 9 to 18 days, feeding on milkweed and sequestering toxic 
cardenolides as a defense against predators (Parsons 1965, p. 299). The larva then pupate into 
chrysalis before eclosing 6 to 14 days later as an adult butterfly. There are multiple generations 
of monarchs produced during the breeding season, with most adult butterflies living 
approximately two to five weeks; overwintering adults enter into reproductive diapause 
(suspended reproduction) and live six to nine months (Cockrell et al. 1993, pp. 245-246; Herman 
and Tatar 2001, p. 2509; Figure 2.1). 

Figure 2.1. Monarch life cycle. Development times calculated from Zalucki (1982) based on 
temperatures ranging from 22°-32°C. Adult life span based on Herman and Tatar (2001). 

The monarch life cycle varies by geographic location. In many regions where monarchs are 
present, monarchs breed year-round, repeatedly following the above-referenced life cycle 
throughout the year. Individual monarchs in temperate climates, such as eastern and western 
North America, undergo long-distance migration, where the migratory generation of adults is in 
reproductive diapause and lives for an extended period of time (Herman and Tatar 2001, p. 
2509). In the fall, in both eastern and western North America, monarchs begin migrating to their 
respective overwintering sites. This migration can take monarchs distances of over 3,000 km 
(Urquhart and Urquhart 1978, p. 1760) and last for over two months (Brower 1996, p. 93). 
Migratory individuals in eastern North America predominantly fly south or southwest to 
mountainous overwintering grounds in central Mexico, and migratory individuals in western 
North America generally fly shorter distances south and west to overwintering groves along the 
California coast into northern Baja California (Solensky 2004, p. 79; see Figure 2.2). Data from 
monarchs tagged in the southwestern states in the fall suggest that those in Nevada migrate to 
California, those in New Mexico migrate to Mexico, and those in Arizona migrate to either 
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Mexico or California (Southwest Monarch Study Inc. 2018). In early spring (February-March), 
surviving monarchs break diapause and mate at the overwintering sites before dispersing (Leong 
et al. 1995, p. 46, van Hook 1996, pp. 16-17). The same individuals that undertook the initial 
southward migration begin flying back through the breeding grounds and their offspring start the 
cycle of generational migration over again (Malcolm et al. 1993, p. 262). 

In eastern North America, monarchs travel north in the spring, from Mexico to Canada, over two 
to three successive generations, breeding along the way (Flockhart et al. 2013, p. 4-5; Figure 
2.2). Individual monarchs disperse as far north as they can physiologically tolerate based on 
climatic conditions and available vegetation; the most specific predictors of the northern 
distribution of individual monarchs are monthly mean temperature and precipitation (Flockhart 
et al. 2013, p. 4; Flockhart et al. 2017, p. 2568). The number of generations of monarchs 
produced in a given year can vary between three and five and is dependent upon environmental 
conditions (Brower 1996, p. 100). While a majority of the eastern monarchs shift to the more 
northern reaches of their range, western monarchs continue to occupy and breed in warmer 
climates throughout the summer, while also expanding to include the farther reaches of their 
range. In the spring in western North America, monarchs migrate north and east over multiple 
generations from coastal California toward the Rockies and to the Pacific Northwest (Urquhart 
and Urquhart 1977, p. 1585; Nagano et al. 1993, p. 157; Figure 2.2). In the southwestern states, 
migrating monarchs tend to occur more frequently near water sources such as rivers, creeks, 
roadside ditches, and irrigated gardens (Morris et al. 2015, p. 100). While the overwintering 
areas shown in Figure 2.2 represent the sites where most monarchs in North America overwinter 
in reproductive diapause, there are other sites and overwintering strategies (see Uncertainties 
section in Chapter 8). 

Figure 2.2. North American monarch migration map. 

Adult monarch butterflies during breeding and migration require a diversity of blooming nectar 
resources, which they feed on throughout their migration routes and breeding grounds (spring 
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through fall). Monarchs also need milkweed (for both oviposition and larval feeding) embedded 
within this diverse nectaring habitat. The correct phenology, or timing, of both monarchs and 
nectar plants and milkweed is important for monarch survival. The position of these resources on 
the landscape is important as well (see Population-Level Ecology section in this chapter). In 
western North America, nectar and milkweed resources are often associated with riparian 
corridors, and milkweed may function as the principal nectar source for monarchs in more arid 
regions (Dingle et al. 2005, p. 494; Pelton et al. 2018, p. 18; Waterbury and Potter 2018, p. 38; 
Dilts et al. 2018, p. 8). Individuals need nectar and milkweed resources year-round in non-
migratory populations. Additionally, many monarchs use a variety of roosting trees along the fall 
migration route (Table 2.1). 

Migratory individuals of eastern and western North America require a very specific microclimate 
at overwintering sites. The eastern population of monarchs overwinter in Mexico, where this 
microclimate is provided by forests primarily composed of oyamel fir trees (Abies religiosa), on 
which the monarchs form dense clusters (Williams and Brower 2015, pp. 109-110). The sites 
used for overwintering occur in mountainous areas west of Mexico City located between 
elevations of 2,900 and 3,300 m (Slayback and Brower 2007, p. 147). The temperature must 
remain cool enough to prevent excessive lipid depletion (Alonso-Mejía et al. 1997, p. 935), while 
at the same time staying warm enough to prevent freezing (Anderson and Brower 1996, pp. 111-
113). Exposure to these cooler temperatures also helps orient the monarchs northward in the 
spring (Guerra and Reppert 2013, pp. 421-422). The oyamel fir forest provides essential 
protection from the elements, including rain, snow, wind, hail, and excessive solar radiation 
(Williams and Brower 2015, p. 109). Many sites also provide a source of hydration via nectar 
plants or a water source (Brower et al. 1977, pp. 237-238). Most of the observed overwintering 
sites are located within the Monarch Butterfly Biosphere Reserve, which covers over 56,000 ha 
(Vidal and Rendón-Salinas 2014, p. 169; Ramírez et al. 2015, p. 158). 

Migratory monarchs in the western population primarily overwinter in groves along the coast of 
California and Baja California (Jepsen and Black 2015, p. 149). The location and structure of 
these sites provide the specific microclimate (although different from the Mexico overwintering 
microclimate) needed for survival in the western overwintering areas. There are approximately 
400 groves that have been occupied, but only a portion of these sites is occupied in any given 
year. These sites, typically close to the coast, span approximately 1.225 km of coastline 
(COSEWIC 2010, p. 10). These groves are populated by a variety of tree species, including blue 
gum eucalyptus (Eucalyptus globulus), Monterey pine (Pinus radiata), and Monterey cypress 
(Hesperocyparis macrocarpa) (Griffiths and Villablanca 2015, pp. 41, 46-47), all of which act as 
roost trees. These groves provide indirect sunlight for the overwintering monarchs, sources of 
moisture for hydration, defense against freezing temperatures, and protection against strong 
winds (Tuskes and Brower 1978, p.149; Leong 1990, pp. 908-910, Leong 1999, p. 213). The 
close proximity to the coast (average distance of 2.37 km ± 0.39 SE) also provides a mild winter 
climate (Leong et al. 2004, p. 180). 
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Table 2.1. Individual-level requisites for monarch survival and reproduction. 

Life Stage Requirements Description 
Eggs, Larvae, 
and Adults – 
breeding 

Milkweed 
resources 

Healthy and abundant milkweed is needed for oviposition 
and larval consumption. 

Adult – 
breeding and 
migration 

Nectar 
resources 

Sufficient quality and quantity of nectar from flowers is 
needed for adult feeding throughout the breeding and 
migration seasons. 

Adult – 
overwintering 

Suitable 
habitat for 
overwintering 

Habitat that provides a specific roosting microclimate for 
overwintering: protection from the elements (e.g., rain, 
wind, hail, excessive radiation) and moderate 
temperatures that are warm enough to prevent freezing 
yet cool enough to prevent lipid depletion. Nectar and 
clean water sources located near roosting sites. 

Adult – 
migration 

Connectivity 
& Phenology 

Nectar and milkweed resources along the migration route 
when butterflies are present; the size and spatial 
arrangement of habitat patches are generally thought to 
be important aspects, but currently unknown. Roosting 
sites may also be important for monarchs along their fall 
migration route. 

Population-Level Ecology 

The ecological requirements of a healthy monarch population are summarized in Table 2.2. To 
be self-sustaining, a population must be demographically, genetically, and physically healthy 
(see Redford et al. 2011, entire). Demographically healthy means having robust survival, 
reproductive, and growth rates. Genetically healthy populations have large effective population 
sizes (Ne), high heterozygosity, and gene flow between populations. Physically healthy means 
individuals have good body condition. Monarchs, like many insects, are sensitive to 
environmental conditions (temperature and precipitation) and can experience large swings in 
population numbers year-to-year in response to these conditions (Rendón-Salinas et al. 2015, 
p. 3; Schultz et al. 2017, pp. 3-4). During favorable conditions, monarch survival and 
reproductive rates are high and population numbers increase; conversely, when environmental 
conditions are unfavorable, survival and reproductive rates are low and population numbers can 
plummet. Thus, to successfully recruit over generations and years, they must be capable of 
withstanding large swings in population sizes (N). Specifically, they need a robust population 
growth rate (lambda, or λ). Given that environmental fluctuations vary spatially, robust growth 
rates likely vary across populations. 

To support a strong growth rate, monarch populations require large population sizes and 
sufficient quantity and quality of habitat to accommodate all life stages. Large population sizes 
also help maintain genetic health (via large Ne) and facilitate thermoregulation during the winter, 
which is important for good physical health. It may also be important for mate finding and 
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aposematism (S. Malcolm, pers. comm. 2018). The quality of habitat needed to support healthy 
demographic rates and physical health is described under Individual-Level Ecology and 
Requirements. The quantity of habitat likely varies among populations, and exact requirements 
may vary (e.g., the type of trees needed for overwintering). 

Migratory monarch populations can have individuals that can fly distances of over 3,000 km 
(Urquhart and Urquhart 1978, p. 1760; see Individual-Level Ecology and Requirements earlier in 
this chapter). During migration to overwintering sites, most monarchs are in reproductive 
diapause, but continue to need blooming nectar plants throughout the migratory habitat to 
provide sugar that is eventually stored as lipid reserves (Brower et al. 2015, p. 117). On their 
return, monarchs are laying eggs, and thus need both nectar sources and milkweed. This habitat 
needs to be distributed throughout the landscape to ensure connectivity throughout their range 
and maximize lifetime fecundity (Zalucki and Lammers 2010, p. 84; Miller et al. 2012, p. 2). 
However, the specific optimal amount of habitat and its spatial distribution are unknown; more 
research is needed on optimal distances between habitat patches, as well as optimal patch sizes 
and milkweed density and characteristics of patches selected for female oviposition (Kasten et al. 
2016, p. 1055; Stenoien et al. 2016, p. 8; Grant et al. 2018, p. 48; Waterbury and Potter 2018, p. 
48). 

Table 2.2. The population-level requisites for a healthy population. 

Parameter Requirements 
Population growth rate, λ The long-term λ must be sufficiently high to rebound from 

population lows. On average, λ must be >1; how much 
greater than 1 is dictated by the degree of environmental 
variability. 

Population size, N Sufficiently large N to withstand periodic population lows; 
the minimum N required is dictated by the degree of 
environmental variability and varies geographically across 
populations. 

Habitat Sufficient seasonally and geographically specific quantity and 
quality of milkweed, breeding season nectar, migration 
nectar, and overwintering resources to support large 
population sizes. 

Connectivity A matrix of seasonally specific habitat patches throughout the 
landscape to support breeding and migrating monarchs and 
allow migration throughout the population’s range each year. 

Species-Level Ecology 

The ecological requisites at the species level include having a sufficient number and distribution 
of healthy populations to ensure it can withstand annual variation in its environment (resiliency), 
catastrophes (redundancy), and novel biological and physical changes in its environment 
(representation). We describe the monarch’s requirements for resiliency, redundancy, and 
representation below, and summarize the key aspects in Table 2.3. 
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Resiliency 

Monarch resiliency requires maintaining healthy populations across spatially heterogeneous 
conditions. Healthy monarch populations are better able to withstand and recover from 
environmental variability and stochastic perturbations (e.g., storms, dry years) than those 
populations that are less demographically, genetically, or physically healthy. The greater the 
number of healthy populations, the more likely it is that the monarch will withstand perturbations 
and natural variation, and hence, have greater resiliency. Additionally, given the monarch’s 
sensitivity to environmental conditions (experiencing large swings in population numbers year-
to-year; Rendón-Salinas et al. 2015, p. 3), monarchs occupying a diversity of environmental 
conditions and being widely distributed helps guard against populations being exposed to 
adverse conditions concurrently, and thus, fluctuating in synchrony. Asynchronous dynamics 
within and among populations minimizes the chances of concurrent losses, and thus, provides 
species’ resiliency. Lastly, maintaining the natural patterns and levels of connectivity between 
populations also contributes to monarch resiliency by facilitating population- level heterozygosity 
via gene flow and demographic rescue following population decline or extinction due to 
stochastic events. 

Redundancy 

Monarch redundancy is best achieved by having multiple, widely distributed populations of 
monarchs relative to the spatial occurrence of catastrophic events. In addition to guarding against 
a single or series of catastrophic events that extirpate monarch populations, redundancy is 
important to protect against reducing the species’ adaptive capacity. Having multiple monarch 
populations, occupying areas of unique diversity will guard against losses of adaptive capacity 
due to catastrophic events. 

Representation 

The monarch’s ability to withstand novel changes is influenced by its adaptive capacity, which is 
primarily a function of the species’ ability to colonize new areas and its breadth of variation in 
biological traits and genetic diversity (both neutral and adaptive genetic variation). In addition, 
and as explained in Chapter 1, maintaining large populations across an array of environments as 
well as the natural networks of genetic connections among populations are important 
components of preserving a species’ adaptive capacity. Below we describe monarch adaptive 
capacity by using the best available data to incorporate the multiple proxies for adaptive 
variation described in Chapter 1. These proxies include genetic, morphological, behavioral, and 
ecological data drawn from published literature and expert knowledge. Based on these data, we 
delineated eight geographical units, referred to as adaptive capacity units (ACUs), which are 
depicted in Figure 2.3 and described below. 
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Table 2.3. Species-level requisites for species’ viability (i.e., ability to sustain populations over time). 

3 Rs Species-Level Requisites Details 
Resiliency Healthy populations 

distributed across spatially 
heterogeneous conditions 

Healthy populations distributed across a 
diversity of temperatures, precipitation 
levels, elevations, and aspects. 

Redundancy Healthy populations 
distributed across geographical 
areas with low risks to 
catastrophic events 

Widely spread, healthy populations to 
ensure all populations are not exposed to 
a single or series of catastrophic events. 

Representation Having healthy populations 
distributed across the breadth 
of genetic and phenotypic 
diversity; maintaining 
evolutionary processes 

Breadth of variation in biological traits 
and genetic diversity via persistent 
populations within the 8 ACUs. Also, 
functional evolutionary processes via 
ensuring populations occupy an array of 
environments, maintaining genetic 
connections, and ensuring large Ne. 
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Capacity Units 

Australia , New Zealand , 
and Inda-Pacific Islands 

M Hawaii 

Service Layer Credits: Copyright:~ 2014 Esri 

M Western North America 

Eastern North America 

M Southern Florida 

M Central America and Caribbean 

M South America and Aruba 

M Iberian Peninsula 

Figure 2.3. Worldwide range of monarchs organized into eight ACUs. 
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1. Eastern North America: 
Eastern North American monarchs are identified as an ACU because they contribute unique 
phenotypic variation in long-distance migratory behavior, wing morphology, and 
disease/parasite infection resistance, in addition to unique genetic variation. They also 
occupy unique ecological conditions and serve (along with the western North American ACU) 
as the ancestral origin for the species worldwide. 

Eastern North American monarchs undergo long-distance migration every fall, a behavior that 
differentiates this population from other non-migratory populations or from migratory 
populations that fly shorter distances and to different locations. Further, the migratory 
phenotype of monarchs in the eastern ACU is distinct from monarchs in other ACUs that may 
have latent migratory phenotypes (Tenger-Trolander et al. 2019, p. 14673). Experimental 
comparisons between non-migratory and migratory individuals in the Eastern ACU reveal a 
unique phenotype present only in the migratory monarchs in the Eastern ACU. This migratory 
phenotype consists of both reproductive diapause and directional flight orientation to the 
south, and this migratory behavior of monarchs is remarkably sensitive to genetic and 
environmental change (Tenger-Trolander et al. 2019, p. 14673). In order to maintain full 
representation within the eastern North American monarch population, it is crucial to conserve 
the long-distance migratory phenotype for the unique adaptive capacity this behavior and its 
associated traits may offer. 

Monarchs from the eastern North American migratory population also have unique physical 
characteristics. They tend to have larger bodies, and larger and elongated wings compared to 
monarchs from most non-migratory populations (Altizer and Davis 2010, pp. 1023-1025). 
Relative to monarchs in western North America, eastern monarchs differ at isolated spots in 
the genome in relation to flight muscles (Kronforst, M. and A. Tenger-Trolander, pers. comm. 
2018). Additionally, within the eastern North American ACU, long-distance migrants tend to 
have redder coloration (Davis 2009, p. 3). Redder coloration is associated with the ability to 
fly for longer periods of time, although the mechanism for this correlation is unknown (Davis 
et al. 2012, p. 4). Furthermore, compared to monarchs in the western North American ACU 
and the southern Florida ACU, eastern North American monarchs have lower rates of 
infection by the protozoan parasite Ophryocystis elektroscirrha (OE) (<10%; Altizer et al. 
2000, p. 131), which may be due in part to their long-distance migration (Bartel et al. 2011, p. 
348). Eastern monarchs migrating to Mexico also have higher lipid reserves than those 
overwintering in California (Brower et al. 1995, p. 542) and may have a longer diapause 
compared to monarchs from the western North American ACU (Herman et al. 1989, pp. 56-
57). 

Monarchs from the eastern North American ACU also differ from monarchs in other ACUs in 
their overwintering habitat use and requirements. These monarchs overwinter in the 
mountainous forests composed primarily of oyamel fir roosting trees (Slayback and Brower 
2007, pp. 147-148; Williams and Brower 2015, pp. 109-110), which provide a protective 
microclimate that is unique relative to those used by overwintering monarchs in other ACUs 
(Brower et al. 1995, p. 542). 
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Migratory monarchs in North America are the ancestral population for all other monarch 
populations around the world (Pierce et al. 2014a, p. 4; Zhan et al. 2014, p. 318). Their unique 
genetics separate them from non-migratory monarchs within North America (e.g., southern 
Florida; Pfeiler et al. 2016), as well as populations for the other ACUs described below. While 
some results show that the monarchs from eastern and western North American ACUs form 
an admixed population (Lyons et al. 2012, p. 3441), the differences in biological traits and 
ecological conditions they occupy warrant separating the populations into two ACUs. 

2. Western North America: 

Western North American monarchs form a separate ACU because they contribute unique 
variation in migratory behavior, ecology, reproductive behavior, wing morphology, flight 
performance, and disease/parasite resistance. In addition, along with the eastern North 
American ACU, the western North American ACU serves as the ancestral origin for the 
species worldwide (Pierce et al. 2014a; Zhan et al. 2014). 

Like the monarchs in the eastern North American ACU, monarchs in the western North 
American ACU possess the unique migratory phenotype that is absent in the other six ACUs 
(Tenger-Trolander et al. 2019, p. 14673). Western North American monarchs also migrate 
long distances, although their migration is shorter than monarchs in the eastern North 
American ACU. Whereas eastern monarchs may fly well over 3,000 km to reach the Mexican 
overwintering sites, western monarchs reach the California coast by flying ~500 km to 1,600 
km (Yang et al. 2016, p. 1002). Western monarchs occupy warmer climates throughout the 
summer to include the farther reaches of their range while they continue to breed in the hotter 
regions (expand their range). Eastern monarchs, in contrast, follow more of a stepping-stone 
path into the northern states, vacating areas as they warm and recolonizing their range. 

Additionally, western monarchs use ecologically different breeding, migrating, and 
overwintering habitats (Brower et al. 1995, p. 542), and the western North American ACU 
comprises as much as 30% of the area occupied by monarch butterflies in North America 
(Dilts et al. 2019, p. 11). Differences in breeding habitat include climate (Zalucki and 
Rochester 2004, pp. 220-221) and availability and abundance of native nectar and native 
milkweed plants (Borders and Lee-Mäder 2015, pp. 190-196). It is hotter and drier in the west 
than the east, and the milkweed and nectar resources used by monarchs in west and east differ 
(Dilts et al. 2019, entire). In the fall, western monarchs migrate from Canada and states west 
of the Rockies to overwintering groves located primarily along the California coast south into 
Baja California, Mexico (Jepsen and Black 2015, pp. 147-156). Roosting tree species used by 
western monarchs are different than those of the eastern population, and include blue gum 
eucalyptus, Monterey pine, and Monterey cypress (Griffiths and Villablanca 2015, pp. 43-44). 
There are fewer monarchs in the western population, spread out among hundreds of 
overwintering sites compared to fewer than 20 sites in Mexico for the eastern population 
(Jepsen and Black 2015, pp. 147-156; Vidal and Rendón-Salinas 2014, entire). 

In addition to differences in migratory behavior and habitats occupied, the designation of a 
separate ACU for western North American monarchs is supported by variation in reproductive 
behavior, wing morphology, flight performance, and disease/parasite resistance. Western 
North American overwintering monarchs may have a shorter diapause compared to those in 
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eastern North America (Herman et al. 1989, pp. 52-54), and there may also be differences in 
mating behavior at the western overwintering grounds compared to the eastern overwintering 
grounds (Brower et al. 1995, p. 542). Eastern and western North American monarchs have 
divergent wing morphology (see the Eastern ACU discussion above, Freedman and Dingle, 
2018, p. 66) and differences in flight performance resulting from differential gene expression 
related to non-muscular motor activity (Talla et al. 2020, p. 2572-2573). Monarchs in the west 
have OE infection rates (averaging 5-30%) that are lower than most non-migratory 
populations but higher than the rates of infection in eastern North America (Altizer and de 
Roode 2015, p. 91). 

Thus, in order to maintain representation within the western North American monarch 
population, it is crucial to conserve the long-distance migratory phenotype in the west for the 
unique adaptive capacity this behavior and its associated traits may offer. 

3. Southern Florida: 

Southern Florida monarchs form a separate ACU because they contribute unique variation 
primarily in genetics and phenotypic characteristics of non-migratory behavior, year-round 
breeding, and resistance to both high OE loads and a different strain of OE. 

Monarchs in southern Florida live in areas where the climate permits year-round breeding, 
and thus are able to reside continually without migrating. These non-migratory monarchs are 
genetically distinct from the migratory North American monarchs, although the southern 
Florida population gets an annual influx of individuals from the eastern monarch population 
(Knight and Brower 2009, p. 821; Zhan et al. 2014; Pfeiler et al. 2016). Non-migratory 
Florida monarchs experience some of the highest recorded OE infection rates compared to 
other monarchs worldwide and particularly high rates compared to eastern and western North 
America monarch infection rates (75-100% average infection rates in Florida vs. 5-30% 
infection rates in the western North American population and less than 10% infection rates in 
the eastern North American population; Altizer and de Roode 2015, p. 91). This may be due 
both to their inability to escape infected habitat, as well as the non-migratory behavior not 
leading to any migratory culling (Bartel et al. 2011, entire). Sternberg and colleagues (2013, 
pp. E239-E241) further determined that in lab settings, monarchs from southern Florida had 
lower OE spore loads (relative to eastern migratory monarchs) and were less likely to become 
infected with OE, potentially indicating that non-migratory southern Florida monarchs have 
increased resistance to OE (however, see also Altizer 2001, p. 622). In cross-population 
laboratory experiments, the OE parasites from southern Florida caused higher parasite loads 
than those from the eastern population (Altizer 2001, p. 622). For additional information, see 
Disease and Natural Enemies in Chapter 6. 

4. South America and Aruba: 
Monarchs in South America and Aruba are grouped together to form an ACU due to genetic 
uniqueness. 

Monarchs in South America, based on samples from Ecuador, are markedly distinct from 
other populations of monarchs when analyzing microsatellite markers (Pierce et al. 2014a, 
2015). They are occasionally classified as a separate subspecies (Danaus plexippus nigrippus). 
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While there is some indication that monarchs in Aruba are genetically distinct from South 
American monarchs (Pierce et al. 2014a), there is also evidence to the contrary (Zhan et al. 
2014). Thus, based on this and on expert input suggesting that the small Aruba population is 
probably not genetically or ecologically distinguishable from South American monarchs, we 
grouped Aruba (and nearby islands) and South American monarch into the same ACU. 

5. Central America and the Caribbean: 
Central American and Caribbean monarchs are grouped together to form an ACU based on 
genetic and behavioral differences relative to monarch elsewhere. 

Microsatellite analyses showed that Caribbean and Central American monarchs are distinct 
from South American monarchs and other non-migratory monarchs (Pierce et al. 2014a), and 
single nucleotide polymorphism analysis showed that Caribbean and Central American 
monarchs are also genetically distinct from the two migratory North American monarch 
populations (Zhan et al. 2014). Given that monarchs in Central America and the Caribbean are 
genetically distinct from these other populations and given the uniqueness of the southern 
Florida population (outlined above), we classified these monarchs as a separate ACU. 
Mexican non-migratory monarchs were also included in this unit (rather than the eastern 
North American ACU), based on similar ecological habitat, behavior (lack of migration), and 
recent genetic work showing genetic differentiation between migratory and non-migratory 
Mexican monarchs (Pfeiler et al. 2016). 

6. Australia, New Zealand, and other Pacific Islands: 
Monarchs across Australia, New Zealand and other Pacific Islands are grouped together to 
form an ACU based on genetic characteristics and phenotypic characteristics of migration 
and disease/parasite resistance. 

Monarchs are found on many islands throughout the Pacific Ocean, including larger 
populations in Australia and New Zealand. Microsatellite analyses of monarchs in several 
Pacific island locations (Australia, New Zealand, New Caledonia, Fiji, and Samoa) indicate 
that these monarchs are genetically distinct from other areas and have lower allelic diversity 
than North American monarchs (Shephard et al. 2002, entire; Pierce et al. 2014a, p. 4). In 
addition to genetic differences, monarchs in the Pacific Islands show variation in migratory 
behavior. Monarchs on most of the smaller islands are non-migratory, but some Australian 
monarchs in New South Wales have been shown to migrate up to 380 km in autumn (James 
1993, p. 193). However, there is little evidence for a regular long-distance migration, making 
it unique from the migration of the western and eastern North American monarchs (James 
1993, p. 190). 

Researchers working with non-migratory Australian monarchs also discovered unique 
phenotypic responses upon exposure to environmental conditions thought to induce migration. 
Non-migratory monarchs exposed to cooler temperatures and shorter day lengths showed 
longer larval development periods, greater adult mass (thought to represent greater lipid 
reserves), and longer forewing development, all characteristics associated with potentially 
regaining the migratory phenotype (Freedman et al. 2017, p. 7, 10). Additionally, these 
responses varied significantly between the offspring of different mothers, suggesting that a 
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migratory phenotype is potentially present within that Australian population (Freedman et al. 
2017, p. 7, 10). Finally, incidence of OE in Australia is higher than in most other populations 
(~66% infection rate; Barriga et al. 2016, p. 76). 

7. Hawaii: 
Hawaiian Island monarchs form an ACU because of unique genetic variation and increased 
disease/parasite tolerance. 

Monarchs exist on all major Hawaiian Islands and are non-migratory. Analysis using single 
nucleotide polymorphisms shows that monarchs in Hawaii are genetically distinct from other 
worldwide populations (Zhan et al. 2014). Microsatellite analyses also indicate that Hawaiian 
monarchs are genetically distinct from populations outside of Hawaii and that they have lower 
allelic diversity than continental North American monarch populations (Pierce et al. 2014b). 
Additionally, work indicates that monarchs in Hawaii form an admixed population 
(suggesting movement among islands; Pierce et al. 2014b). Monarchs in Hawaii persist with 
only moderate fitness reduction under strains of OE that are both more virulent and more 
prevalent than that of North American monarchs (Sternberg et al. 2013, p. E239). Thus, 
monarchs in the Hawaiian ACU contribute unique variation to the species in resistance to OE. 

8. Iberian Peninsula (including Spain, Portugal, Morocco, and nearby Atlantic islands): 

Monarchs on the Iberian Peninsula (Spain and Portugal), along with monarchs in Northern 
Morocco and nearby Atlantic Islands, form an ACU because of unique genetic variation and 
ecological and climatic conditions. 

The non-migratory, introduced monarchs in Spain, Portugal, and Morocco form a genetically 
distinct, derived population based on a single nucleotide polymorphism analysis of the entire 
monarch genome (Zhan et al. 2014, p. 2). There may be some genetic variation between the 
Spanish monarchs and the monarchs in Portugal and Morocco based on microsatellite 
analyses (Pierce et al. 2014a). However, we did not consider Spanish monarchs as a separate 
ACU because these monarchs occupy very similar ecological and climatic conditions to the 
rest of the monarchs in this ACU (Fernández-Haeger et al. 2015, entire) but differ from those 
of other ACUs. 
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Chapter 3: Methodology 

This chapter describes our methods for assessing viability of the monarch over time. The specific 
methodology for each step of the framework is described below. Briefly, our approach entailed: 
1) gathering occurrence data globally, 2) assessing the number, health, and distribution of 
populations historically and currently, 3) identifying the substantive factors leading to the 
species’ current condition and predicting the future states of these influences, 4) forecasting the 
health and distribution of populations given the future states of the influences, and 5) evaluating 
the resulting change in resiliency, redundancy, and representation over time and the implications 
for the species’ viability (Figure 3.1). 

Catastrophes 

+/-
Influences 

Population 
Health 

# of 
Healthy 

Populations 

Distribution 
of Healthy 

Populations 

Representation 
Redundancy 

Resiliency 

Monarch 
Viability 

Historical 
t= Current 

Future 

Figure 3.1. Simplified conceptual diagram depicting the analytical framework for assessing 
monarch viability over time. 

Historical Condition: Number, health, and distribution of monarch populations (Ch. 4) 

We examined the published literature to determine the historical distribution of the monarch 
butterfly populations. In order to assess the change in the number, health, and distribution of 
monarch populations over time, we delineated populations as follows. The monarchs in North 
America were separated into three populations—eastern, western, and southern Florida—based 
on distinct behavioral differences and limited movement between these populations. While 
differences at neutral markers have not been found between the western and eastern populations, 
a recent genomics analysis indicates low levels of dispersal between eastern and western 
monarch butterflies suggesting that they are demographically independent (Talla et al., 2020). 
The monarchs in the Caribbean, Central America, and South America were grouped according to 
documented genetic differences (Pierce et al. 2015). The remaining monarch locations were 
delineated based on distance. For monarchs occurring in countries and islands in the Pacific, 
monarch locations separated by more than 200 miles were considered disjunct populations. 
Tagging and observational data suggest that monarchs can travel up to approximately 70-75 
miles a day during migration, with the longest recorded flight of a tagged eastern North 
American monarch at 265 miles (Journey North 2018). We thus chose a distance of 200 miles for 
separating populations because it was at the upper limits of the range of observed distances 

21 



 

 
 

             
          

           
    

             
         
         

             
       

         
             

             
          

              
              

          
            

    

     
    

              
             

          
            

         
    

            
    

           
              

          
           

         

             
             

           
          

      
 

flown by tagged monarchs, and it is unlikely that monarchs separated by 200 miles or more 
could successfully move among these locations. If the distance between islands was less than 
200 miles, we assumed that movement between islands was plausible and thus did not consider 
the islands as disjunct populations. 

To assess population health, we sought out information on historical population abundance (N) 
and population growth rate (λ). Population size (N) estimates were derived from published 
survey counts; eastern North American monarchs have been surveyed yearly using a 
standardized protocol at the Mexican overwintering sites since 1994 (Monarch Watch 2020) and 
the western North American population has been monitored since 1997 at coastal overwintering 
sites in California (Xerces Society for Invertebrate Conservation 2020). The historical population 
growth rates (λ) for eastern and western North American populations were available from 
Semmens et al. (2016) and Schultz et al. (2017) for the eastern and western populations, 
respectively, and we updated both to reflect changes in growth rates since publication. Prior to 
1994, we have limited information on population size (N) or growth (λ), but assume both 
populations were healthy (i.e., λ and N met conditions of Table 2.2) at some point in the 
historical time period. For all other populations, there are no systematic, multi-year surveys for 
any time period, so we assume those populations were healthy at some point in the historical 
time period as well. 

Current & Future Conditions: Number, health, and distribution of monarch populations 
(Ch. 5 and Ch. 6) 

To assess the current and future number, health, and distribution of monarch populations, for 
each population we: 1) determined the current abundance and population trend (λ), 2) identified 
the current and likely future primary influences, and 3) forecasted the change in health given 
these influences. We reviewed the available literature and sought out expert input to identify 
both the negative (threats) and positive (conservation efforts) drivers of monarch population 
numbers. We identified the following drivers: disease/natural enemies; herbicides; logging/tree 
loss; habitat degradation (succession, western overwintering site aging of trees); climate change 
(drought, storm events, temperature extremes); collection/tourism; grazing/incompatible 
farming; change in nectar and milkweed resources; loss of urban/greenspace; mowing; 
insecticides; change in western overwintering habitat. Of these, we identified the subset that are 
the key drivers influencing monarch dynamics (referred to as influences). We carried this subset 
through the rest of our analyses. For the worldwide populations, we researched potential issues 
related to land use change, insecticides, and disease. 

Population-specific information for monarchs varies from highly detailed data for the eastern and 
western North American populations to very limited data (occurrence only) for most of the other 
29 populations. To fully apply the best available data, we developed a population model for the 
eastern and western populations while using a coarser-scaled, qualitative approach for the 
remaining populations. We refer to the non-eastern, non-western populations as “worldwide 
populations.” 
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Worldwide Populations 

To assign status, we categorized populations based on last date observed and survey effort. We 
assumed that all populations in which at least a single monarch has been reported since the year 
2000 are extant today and were assigned ‘extant’ status. Populations lacking a sighting since the 
year 2000 and lacking multi-year survey efforts were assigned ‘unknown’ status (neither extant 
nor extirpated). Populations lacking sightings with multiple years of surveys were assigned 
‘extirpated’ status. We garnered the available data by: 1) searching for records in Google Scholar 
using each known country with a historical monarch occurrence and the phrase “Danaus 
plexippus” as search terms; 2) requesting personal knowledge and unpublished information 
regarding monarch occurrence from international entomologists and species’ experts; and 3) 
searching geotagged photos on Flickr and reports from the citizen science database iNaturalist 
for monarch records. We did not use these records if we could not verify the species, or if the 
photo appeared to have been taken in a butterfly exhibit (potentially with non-native butterflies 
present). 

In absence of demographic data, we assessed the current health of each worldwide population by 
evaluating the past trend in population numbers, the current status of milkweed and nectar 
resources, the current levels of insecticide exposure, and the current status of overwintering 
habitat. We compiled these data and assigned a population condition category of ‘high,’ 
‘moderate,’ ‘low,’ or ‘unknown’ for each population. Condition categories were assigned using 
the descriptions presented in Table 3.1 (for similar condition category table approaches, see 
NatureServe 2013; IUCN 2018; and Puget Sound Stream Benthos 2018). If the information 
available was insufficient to assign a condition category, the population was marked as unknown 
status (Table 3.1). 
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Table 3.1. Categories used to define the health of the worldwide populations. Unknown indicates 
insufficient information about habitat quality, quantity, and corresponding monarch population trends. 

Condition 
Rating 

Past 
Trend 

Current status of 
Milkweed and Nectar 

Current status of 
Insecticides Overwintering Habitat 

High λ > 1 
Milkweed/Nectar not 
thought to be limiting 
monarch numbers 

Current level of 
insecticide exposure to 
and/or toxicity of 
insecticides not thought 
to impact population-
level 

Overwintering habitat 
quality and quantity not 
thought to be limiting 
monarch numbers 

Moderate λ ≈ 1 

Milkweed/Nectar 
resources have been 
lost and are limiting 
monarch numbers in 
some portion of the 
population 

Current level of 
insecticide exposure to 
and/or toxicity of 
insecticides limiting 
monarch numbers in 
some portion of the 
population 

Overwintering habitat 
quality and quantity are 
limiting monarch 
numbers in some portion 
of the population 

Low λ < 1 

Milkweed/Nectar 
resources have been 
lost and are limiting 
monarch numbers 
throughout the entire 
population 

Level of insecticide 
exposure to and/or 
toxicity of insecticides 
are limiting monarch 
numbers throughout the 
entire population 

Overwintering habitat 
quality and quantity are 
limiting monarch 
numbers throughout the 
entire population 

Unknown Unknown Unknown Unknown Unknown 

To assess future health of the worldwide populations, we searched the published literature and 
contacted international lepidopterists to identify the primary influences. For most influences 
(e.g., insecticides, land cover change, etc.), there was insufficient information to make an 
assessment. 

Eastern & Western North American Populations 

Unlike the worldwide populations, there are 20+ years of standardized survey data from which 
we can derive current abundance and population trend (λ) for eastern and western North 
American monarch populations. Thus, to assess the current and future health of these 
populations, we used published stochastic, geometric growth models for eastern (Semmens et al. 
2016) and western (Schultz et al. 2017) populations. We updated the models with population 
data obtained since 2015 and incorporated the future state conditions of the influences (Figure 
3.2). We briefly describe our models here; for additional detail see Voorhies et al. (2019) and see 
Appendix 2 for a list of small improvements made since the publication of Voorhies et al. 
(2019). 

Our models assume that next year’s population size in their wintering grounds, Nt+1, is a 
function of the monarch population size in the current time-step, Nt, and their log population 
growth rate, λ. To incorporate future threats and conservation actions into monarch population 
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projections we added an additional term, δ, which represents a net change in population size (N) 
due to both positive and negative influences. We used published data, expert knowledge, and 
professional judgment to project the expected future state of each influence. To capture the 
uncertainty in our future state projections, we identified plausible optimistic and pessimistic 
changes for each influence. The most optimistic and pessimistic states for each influence were 
then combined to create composite plausible “best case” and “worst case” scenarios. 

Figure 3.2. An overview of the monarch modeling framework. Biologist-informed scenarios (A) 
represent expected range in % change in a given influence over time. Expert-elicited population 
response curves (B) specific to each influence provide the proportional change in monarch 
response given a proportional change in the influence. Population response curves differ by 
influence and region (eastern and western populations). Population demographic data (C) were 
sourced from existing literature and used to initialize the model (D), which also received inputs 
from (B). Simulation outputs from the population viability analysis were compared against a 
range of extinction threshold values (E) to estimate the cumulative pE over time. 

The health metric, pE, reflects the probability of the population size dropping below a threshold 
at which extinction would become inevitable (via a mechanism known as an extinction vortex). 
As others have done (e.g., Flockhart et al. 2015, p. 159; Semmens et al. 2016, p. 2; Schultz et al. 
2017, p. 345), the extinction threshold is our primary mechanism for incorporating the 
consequences of Allee effects and environmental stochasticity at small population sizes. In 
addition to the extinction threshold, we introduced a population cap to address the limitation of a 
density-independent growth model which, as noted by Courchamp et al. (1999, p. 408), 
implicitly assumes populations increase linearly to carrying capacity. 

Mechanisms that may trigger an extinction vortex in monarch populations include the following 
component effects: 

• reduced survival on the overwintering grounds (Williams and Brower 2015; Berec et al. 
2007, p. 187) 

• increased predation on the overwintering grounds (Berec et al. 2007, p. 187; Brower and 
Calvert 1985, p. 857 and 861; Calvert et al. 1979, p. 849) 

• reduced reproduction (e.g., mating depression due to difficulty finding mates [Berec et al. 
2007, p. 187] and the subsequent reduction of female overwintering survival due to 
additional nutrients from multiple matings [Wells et al. 1993, p. 66]) 

• inability of small population sizes to rebound from sustained threats (Hutchings 2015, p. 
6) or natural environmental variation (e.g., poor weather years) 
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The extinction thresholds for the eastern population were derived from expert-elicited estimates. 
We defined our lower and upper bounds for the extinction threshold as the median across the 
experts’ “lowest” (0.05 ha) and “highest” (0.61 ha) estimates. For the western population, we 
used extinction thresholds reported in the literature. Our lower bound was set at 20,000 
individuals (Schultz et al. 2017) and the upper bound at 50,000 (Wells et al. 1990). We assumed 
that all values between the lower and upper bounds were equally probable; thus, we used the 
upper and lower estimates to set the bounds of a uniform distribution (refer to Voorhies et al. 
2019 for further discussion). 

We calculated starting population size by taking the average of the last 5 years and calculated 
population growth rate (λ) and environmental stochasticity value (epsilon; Ɛ) by using the 
Semmens et al. (2016) and Schultz et al. (2017) models, respectively, and updating the 
population data and time period. All input values are provided in Appendix 2. 

Viability (Ch. 8) 

To describe monarch viability over time, we evaluated how the change in the number, health, 
and distribution of monarch populations from historical to present to future influences the 
resiliency, redundancy, and representation of monarchs. 

We used the results from our current and future forecasts--specifically the change in the number, 
health, and distribution of monarch populations over time--to evaluate the species’ resiliency to 
environmental stochasticity, disturbances, and stressors. To assess monarch’s redundancy, we 
qualitatively assessed how the current and forecasted number and distribution of populations 
affect the risk of catastrophic losses within each ACU. A catastrophe is an event that is outside 
the normal range of variation for a stressor and for which adaption is unlikely (Mangal and Tier 
1993, p. 1083), and therefore, inevitably leads to population collapse (extinction). 

For the eastern North American population, we identified overwintering habitat loss, monarch 
disease, widespread drought, extreme storm events (both at the Mexican overwintering sites and 
during migration funnel points), and widespread insecticide spray events as potential catastrophic 
events. Of these, we found reliable evidence for widespread drought and extreme storm events as 
sources for causing catastrophic losses, and thus, were carried forward in our analyses. For the 
western North American population, we identified extreme widespread drought, disease, severe 
storms events, wildfire, widespread milkweed loss, widespread insecticide spray events, and co-
occurrence of a poor environmental conditions and low population abundance as potential 
catastrophic events. Of these, we found reliable evidence for widespread drought and the co-
occurrence of poor environmental conditions and low population abundance as sources for 
causing catastrophic losses, and thus, were carried forward in our analyses. 

For the worldwide populations, we identified climate change induced sea level rise and 
maximum temperature increases as potentially catastrophic events. We classified risk as either 
“No Known Risk” or “At Risk” (Table 3.2). Using the Third Assessment Report developed by 
the International Panel on Climate Change (IPCC), we determined which low-lying islands 
occupied by monarchs may be at risk of permanent inundation, and used the maximum elevation 
of those islands to develop thresholds for the risk classifications (IPCC 2001). We also 
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qualitatively assessed where daily maximum surface temperatures exceeding 42°C (a 
temperature threshold that leads to mortality; Nail et al. 2015b, p. 99) are projected to increase 
by the year 2069 (~50 years from now) under Representative Concentration Pathways (RCP) 
scenarios 4.5 and 8.5 using climate projections obtained from the Earth System Grid Federation 
(Cinquini 2014). Given scale and magnitude of impact (whether population would be exposed to 
events that would lead to population extinction), this analysis falls under a catastrophic risk. 

Table 3.2. Categories used to define the risk of the worldwide populations to predicted climate change 
impacts. 

Future Influence Risk Category Definition 
Sea Level Rise No Known Risk Not at low elevation (highest point >100m above sea level). 

Sea Level Rise At Risk Very low elevation (highest point ≤100m above sea level) 
and single location represents an entire population. 

High 
Temperatures No Known Risk 

Number of days and/or areas with daily maximum surface air 
temperatures above lethal levels (42˚C) not projected to 
increase under moderate (RCP 4.5) or severe (RCP 8.5) 
scenarios. 

High 
Temperatures At Risk 

Number of days and/or areas with daily maximum surface air 
temperatures above lethal levels (42˚C) are projected to 
increase under the moderate (RCP 4.5) or severe (RCP 8.5) 
scenarios. 

Lastly, we evaluated the monarch’s ability to adapt to novel changes in its physical and 
biological environment by assessing the likelihood of monarchs persisting in each of the 8 ACUs 
given the forecasted influences and catastrophes. Specifically, for the eastern and western North 
American ACUs, we used the results of our population modeling to predict the likelihood of 
persistence of monarchs within both ACUs over the next 50 years. For the remaining 6 ACUs, 
we qualitatively express the likelihood of persistence within each of the 6 ACUs over the next 50 
years given the risks of catastrophic sea level rise or high temperature conditions. 
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Chapter 4: Results – Analysis of Historical Condition 

This chapter describes the number, health, and distribution of monarch populations up to the 
present day. The historical condition provides the baseline condition from which we evaluated 
changes in monarch viability over time. 

Worldwide 

There are no reliable records of monarchs outside of continental North America or the Caribbean 
before 1840 (Vane-Wright 1993, p. 180). However, by 1883 the monarch was reported as one of 
the most common butterflies in many Pacific Islands (Walker 1914, p. 187). Host plants used by 
monarchs in these non-North American locations include Asclepias spp., Gomphocarpus spp., 
and Calotropis spp. (all either milkweed or closely related genera; Blakley and Dingle 1978, p. 
134; Buden and Miller 2003, p. 4). It is generally accepted that both monarchs and milkweed 
dispersed from North America via human assistance, potentially aided through wind dispersal 
events (Brower 1995, p. 354). For the purposes of our analysis, we assume that monarchs in 
locations outside of North America have become naturalized, and thus, these records, along with 
the North American occurrences, comprise the historical range of the species (Figure 4.1). 

Figure 4.1. Map showing global range of monarchs (orange shows known range). 

We found monarch occurrence records in 90 countries, islands, or island groups. We delineated 
these occurrences into 31 different populations (Table 4.1). We assume that at some point in the 
past, all populations were healthy. Table 4.1 also shows how these 31 populations are distributed 
among the eight ACUs (see Chapter 2 for description of the ACUs and how they were 
delineated). This organization is visually represented in Figure 4.2. While the Australia, New 
Zealand, and Indo-Pacific Islands ACU appears the largest in spatial extent, the eastern North 
American population has the most individuals (even accounting for large variation in estimates; 
Figure 4.3). 
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Table 4.1. The 31 delineated monarch populations, with their associated ACUs and the countries and 
islands that comprise each population. 

ACU Population Countries/Islands within Population 

Australia, 
New 
Zealand, 
and Indo-
Pacific 
Islands 

Australia Commonwealth of Australia 
Cook Island Cook Islands 
French Polynesia French Polynesia 

Greater Indonesia Nation of Brunei, Republic of Indonesia, Malaysia, Democratic Republic of 
Timor-Leste 

Guam & CNMI Guam, Commonwealth of Northern Mariana Islands (CNMI) 
Johnston Atoll Johnston Atoll 
Kiribati Republic of Kiribati 
Marquesas Islands Marquesas Islands 
Marshall Islands Republic of the Marshall Islands 
Mascarene Islands Republic of Mauritius, Réunion 
Micronesia Federated States of Micronesia 
Nauru Republic of Nauru 
New Zealand New Zealand 
Norfolk Island Norfolk Island 
Palau Republic of Palau 
Papua New Guinea Independent State of Papua New Guinea 
Philippines Republic of the Philippines 
Samoa American Samoa, Samoa 
South Pacific Islands Republic of Fiji, New Caledonia, Society Islands, Solomon Islands, Vanuatu 
Tokelau Tokelau 
Tonga Kingdom of Tonga 
Tuvalu Tuvalu 
Wallis & Futuna Territory of the Wallis and Futuna Islands 

Central 
America & 
the 
Caribbean 

Caribbean 

Anguilla, Antigua and Barbuda, Bahamas, Barbados, Bermuda, Bonaire, 
British Virgin Islands, Cayman Islands, Cuba, Dominica, Dominican Republic, 
Grenada, Guadeloupe, Haiti, Jamaica, Martinique, Montserrat, Puerto Rico, 
Saba, Saint Barthélemy, Sint Eustatius, Saint Kitts and Nevis, Saint Lucia, 
Saint Martin, Saint Vincent and the Grenadines, Sint Maarten, Turks and 
Caicos Islands, U.S. Virgin Islands 

Central America Belize, Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua, Panama, 
Mexico 

S. Florida Florida United States (FL) 
Hawaii Hawaii United States (HI) 
Iberian 
Peninsula Iberian Peninsula Azores, Canary Islands, Gibraltar, Madeira, Morocco, Portugal, Spain 

South 
America & 
Aruba 

South America and 
Aruba 

Aruba, Colombia, Curacao, Ecuador, French Guiana, Guyana, Peru, Suriname, 
Trinidad and Tobago, Venezuela 

E. North 
America 

Eastern North 
America Canada, Mexico, Saint Pierre and Miquelon, United States (East) 

W. North 
America 

Western North 
America Canada, United States (West), Mexico 
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Figure 4.2. Generalized map of the eight ACUs, with the number of populations and countries 
contained within each ACU provided. Note that the total number of countries/islands/island 
groups do not add up to 90 because some are present in multiple ACUs. 

Proportion of Individuals 
Worldwide 

Australia 

Outside of Australia 
and North America 
Eastern North 
America 
Western North 
America 

Figure 4.3. Estimated relative proportion of individual monarchs by geographical area. The 
numbers are based on the following: eastern North America (77,141,600; based on average of 
last 5 years overwintering estimates, assuming a 21.1 million monarch/ha density), western North 
America (168,365; based on average of past five years of overwintering counts); Australia 
(1,424,790; based on estimates from M. Zalucki, pers. comm.); and outside of Australia and 
North America (4,000,000; based on 3-5 million monarch estimate; M. Zalucki, pers. comm.). 
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Note that throughout the rest of the document, when the term ‘worldwide’ is used in relation to 
monarchs, we are referring to 29 monarch populations excluding the eastern and western North 
American populations. 

Eastern North American Population 

The eastern North American monarch population has been systematically censused annually 
since 1994 (Figure 4.4; Vidal and Rendón-Salinas 2014, pp. 167-168). Although varying year-to-
year, monarchs consistently numbered in the hundreds of millions throughout the 1990s and 
early 2000s (assuming a 21.1 million monarch/hectare density; Thogmartin et al. 2017a, p. 1). 
There are additional survey data suggesting that monarch populations were as high or higher in 
the two decades prior to standardized monarch monitoring at the Mexican overwintering sites 
(Vidal and Rendón-Salinas 2014, p. 172, Calvert and Brower 1986, pp. 167-169). 

Figure 4.4. Area occupied (in hectares) by eastern North American monarch butterflies at 
overwintering sites in Mexico (actual hectare measurement displayed above each bar). Year 
displayed is the beginning year for the winter (e.g., 2017 represents the number for the winter of 
2017-2018). Data from Monarch Watch (2020). 

Western North American Population 

The western North American population has been censused annually since 1997, providing an 
estimate of annual population size (Figure 4.5). Recent work, using past survey data, gives 
estimates of millions of butterflies in the mid-1980s (Schultz et al. 2017, p. 3).  
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Figure 4.5. Thanksgiving counts showing the number of western North American monarch 
butterflies observed at overwintering sites (green bars). Blue line shows the number of sites 
monitored (survey effort) for a given year. Data from The Xerces Society for Invertebrate 
Conservation 2020, entire. 
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Chapter 5: Results – Analysis of Current Condition & Current Influences 

This chapter describes the number, health, and distribution of monarch populations given current 
state conditions and describes the influences that have led to this current condition. We present 
the current condition and influences that led to the condition for the eastern and western North 
American populations first, followed by the current conditions and influences for the worldwide 
populations. 

Eastern North American Population – Current Condition 

Based on the past annual censuses, the eastern North American population has been generally 
declining over the last 26 years (Figure 4.4). Although the numbers at the overwintering sites 
have declined, we did not find a corresponding change in the spatial extent of the population 
during the breeding season. Given its current population size and population growth rate, the 
pE over the next 60 years is 61% (48%-69%; CI 50%) (Figure 5.1). 

Figure 5.1. pE for the eastern North American monarch population over time, represented by 
50% confidence interval (gray space). Probability based on current trend in growth. 
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Western North American Population – Current Condition 

Based on the past annual censuses, the western North American population has been generally 
declining over the last 23 years, despite an increasing number of sites being counted (Figure 4.5). 
Under current conditions, the risk of extinction over time is predicted to increase sharply, with 
the pE over 60 years reaching 99% (98%-99%, CI 50%) (Figure 5.2). 

Figure 5.2. pE for the western North American monarch population over time, represented by 
50% confidence interval (gray space). Probability based on current trend in growth. 

North American Populations – Current Influences 

There are a myriad of influences operating on the North American populations. With the 
assistance of monarch experts, we identified the important factors driving monarch population 
dynamics for the eastern and western North American populations (Tables 5.1 and 5.2). The 
primary drivers affecting the health of the two North American migratory populations are 
changes in breeding, migratory, and overwintering habitat (due to conversion of grasslands to 
agriculture, urban development, widespread use of herbicides, logging/thinning at overwintering 
sites, unsuitable management of overwintering groves , and drought), continued exposure to 
insecticides, and effects of climate change (Figure 5.3). Below, we discuss the key influences on 
monarch populations—the aforementioned stressors and monarch conservation efforts. 
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Table 5.1. Expert-elicited rank and extent of impact (% contribution to the decline from the 
historical period) of the influences on the eastern North American population. % Contribution = 
median value across experts; the lowest and highest expert judgment among the experts provided 
in parentheses (see Voorhies et al. 2019, Suppl.2). 

Influence Rank % Contribution 
Availability, spatial distribution, and quality of milkweed 1 25 (10-60) 
Availability and quality of overwintering habitat 2 20 (10-30) 
Climate (storms, drought, temperatures) 3 12.5 (6-23) 
Availability, quality, and spatial distribution of migration 
resources 4 12 (2-20) 

Disease and natural enemies 5 9.5 (1-15) 
Insecticides 6 8 (1-10) 
Availability, spatial distribution, and quality of nectar 
resources (breeding) 7 5 (1-10) 

Road mortality and pollutants 8 3 (1-5) 
Biogeographical scrambling of milkweed spp. (includes non-
native spp.) 9 2 (0-4) 

Other 10 2 (0-8) 
Monarch releases, captive breeding, and translocation 11 1.5 (0-3) 

Table 5.2. Expert-elicited rank and extent of impact (% contribution to the decline from the 
historical period) of the influences on the western North American population. % Contribution = 
median value across experts; the lowest and highest expert judgment among the experts provided 
in parentheses (see Voorhies et al. 2019, Suppl.2). 

Influence Rank % Contribution 
Availability, spatial distribution, and quality of milkweed 1 22 (15-25) 
Availability, spatial distribution, and quality of nectar 
resources (breeding) 2 18 (13-20) 

Insecticides 3 18 (15-22) 
Climate change effects via impacts to habitat 4 17 (10-19) 
Availability and quality of overwintering habitat 5 16 (12-18) 
Climate change via non-habitat mediated effects 6 8 (3-14) 
All others 7 4 (0-7) 
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Figure 5.3. Influence diagram showing the key Influences and how they drive monarch population 
abundance (N) and growth rate (lambda, λ). Note, conservation efforts can decrease all the listed 
threats and improve all resources for monarchs. 

Availability, Distribution, and Quality of Milkweed 

The availability of milkweed is essential to monarch reproduction and survival. Reductions in 
milkweed is cited as a key driver in monarch declines (Brower et al. 2012, p. 97; Pleasants and 
Oberhauser 2013, p.7; Inamine et al. 2016, p. 1081; Thogmartin et al. 2017b, p.12; Waterbury 
and Potter 2018, pp. 42-44; Saunders et al. 2019, p. 8612).  

A majority of the milkweed loss has occurred in agricultural lands, where intensive herbicide 
usage for weed control has resulted in widespread milkweed eradication. Pleasants (2017, p. 7), 
for example, estimated that over 860 million milkweed stems were lost in the Midwest between 
1999 and 2014, a decline of almost 40%. Currently, approximately 89% and 94% of corn and 
soybean crop acreage, respectively, are planted as glyphosate (herbicide)-tolerant crops (USDA 
2018). Glyphosate use in western agricultural lands has also increased dramatically since the 
1990s, especially within the Central Valley of California, Snake River Plain of Idaho, and the 
Columbia River Basin, which spans the border between Washington and Oregon (USGS 
NAWQA 2017; Waterbury and Potter 2018, p. 42). As weed species develop increasing 
resistance to glyphosate, other herbicide (e.g., dicamba) tolerant crops are developed, which can 
lead to a corresponding increase in herbicide use. Accordingly, herbicide impacts to milkweed 
and nectar plants will continue to impact monarch resources. 

Milkweed is also lost on the landscape through development and conversion of grasslands (Lark 
et al. 2015, pp. 3-4). Between 2008 and 2012, a total of 5.7 million acres of grassland were 
converted to new cropland, including up to 3 million acres of Conservation Reserve Program 
(CRP) land (Lark et al. 2015, p. 5). Pleasants and Oberhauser (2013, pp. 5-6) estimate that the 
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loss of agricultural milkweeds in the Midwest has resulted in an 81% decline in monarch 
production, in part because monarch egg densities were higher on milkweed in agricultural fields 
(3.89 times more eggs than on non-agricultural milkweed). This particularly impacts the eastern 
monarch population because more Mexico overwintering monarchs originate from the Midwest 
crop belt region than any other region (with estimates ranging from 38% to over 85% of all 
overwintering monarchs originating from the Midwest; Wassenaar and Hobson 1998, pp. 15438-
15439; Flockhart et al. 2017, p. 4). Accordingly, herbicide impacts to milkweed and nectar plants 
will continue to impact monarch resources available in agricultural lands. 

Availability, Distribution, and Quality of Breeding Range Nectar Resources 

Reductions in nectar resources are also cited as a potential key driver in monarch declines 
(Thogmartin et al. 2017b, p.12). Losses of nectar resources are due to same stressors identified 
above for milkweed resources. 

Availability, Distribution, and Quality of Migration Nectar Resources 

Losses of nectar sources during migration have also been particularly implicated as a potential 
key driver in monarch declines (Inamine et al. 2016, p. 1081; Thogmartin et al. 2017b, p.12; 
Saunders et al. 2019, p. 8612). Losses of nectar resources are due to same stressors identified 
above for milkweed resources. Additionally, with a warming climate, drought impacts may 
become more important, especially in the western population and in the migratory bottleneck for 
the eastern population (see Climate Change in Current Influences section within this chapter for 
more details). 

Availability and Quality of Overwintering Habitat 

Both western and eastern monarchs rely on the microclimate provided by the trees at their 
overwintering sites (Leong et al. 2004, entire; Williams and Brower 2015, entire). Loss of trees 
occurs at overwintering sites in Mexico primarily through small- and large-scale logging, storms, 
and an increasingly unsuitable climate (see Climate Change section below for more details). 
Most overwintering sites used by eastern monarchs occur within the Monarch Butterfly 
Biosphere Reserve (Reserve), a 56,259-ha protected area. Within this area, there is a logging ban 
within the 13,551-ha core zone (Ramírez et al. 2015, p. 158). However, recent logging has 
occurred both legally (including salvage logging allowed after storms) and illegally at multiple 
colonies (Vidal et al. 2014, pp. 180-185; Brower et al. 2016, entire). 

Logging was estimated by Vidal and colleagues (2014, p. 180) in the core zone of the Reserve 
from 2002 through 2012. Within this period, 2,179 ha of core zone were deforested (<10% 
canopy cover remained; 1,254 ha) or degraded (a decrease in canopy cover; 925 ha). Most of 
these losses were attributed to illegal logging (2,057 ha), with the remaining 122 ha lost due to 
floods, drought, strong winds, and fire. Current estimates of forest loss throughout the Reserve 
vary from 0-2.4% per year (Ramírez et al. 2015, p. 163). While anti-logging and reforestation 
efforts are underway (López García 2011, p. 631), logging is still ongoing within the Reserve 
(Brower et al. 2016, entire). Although clearcutting of forests destroys habitat directly, thinning of 
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the forest also changes the microclimate needed by overwintering monarchs, making them more 
susceptible to winter mortality (Brower et al. 2011, p. 43). 

Western monarch overwintering habitat along the Pacific Coast has been subject to loss through 
various forms of development, particularly urban development (Sakai and Calvert 1991, p. 149; 
Frey and Schaffner 2004, p. 172). Habitat alteration, both natural and anthropogenic, can also 
alter the microclimate of the western overwintering sites, leading to less suitable habitat 
conditions (Jepsen et al. 2015, p. 17). There are many other stressors that can work alone or in 
tandem on the western overwintering sites, including disease and pests that impact the trees used 
for overwintering, as well as senescence and improper grove management. Fire is also a threat, 
both indirectly through habitat loss and directly to overwintering monarchs (Pelton et al. 2016, 
pp. 28, 32). Drought in the West can further exacerbate the stressors on the western 
overwintering sites (see Climate Change section below). 

Insecticide Exposure 

Insecticides are pesticides with chemical properties that are designed to kill insects, and most are 
non-specific and broad-spectrum in nature. That is, insects exposed to these insecticides are 
susceptible to mortality and/or sub-lethal effects. Furthermore, the larvae of many Lepidopterans 
are considered major pest species and insecticides are tested specifically on this taxon to ensure 
that they will effectively kill individuals at labeled application rates. Monarchs may also be 
exposed to insecticides in areas beyond the insecticide application points due to drift (Olaya-
Arenas and Kaplan 2019, p. 1; Halsch et al. 2020, p. 3).  

The monarch butterfly is widely distributed across the United States, occurring in a variety of 
urban and rural habitat types that include milkweed plants and other flowering forbs. Insecticide 
impacts to monarchs are primarily influenced by the extent to which monarchs are exposed to 
insecticides throughout their range. Although insecticide use is most often associated with 
agricultural production (for example, between 2005 and 2012, 60% of insecticide applied 
occurred on agricultural lands, USEPA 2017, p.11), any habitat where monarchs are found may 
be subject to insecticide use. Insecticides can be used for insect pest control anywhere there is a 
pest outbreak or for general pest prevention. Homeowners may treat yards and gardens to protect 
plants from pests or purchase plants from nurseries that sell neonicotinoid-treated plants as 
ornamentals. Natural areas, such as forests and parks, may be treated to control for insects that 
defoliate, bore into wood, or otherwise damage trees. Outbreaks of pests such as gypsy moths, 
Mormon crickets, or grasshoppers may trigger insecticide treatments over larger areas to control 
populations. Use of insecticides in vector control, especially pyrethroids and organophosphates, 
may be significant in areas of the country where mosquitoes pose a public health threat or reach 
nuisance levels. The use of insecticides in the U.S. is ubiquitous; in 2012 for example, 
expenditures on insecticides topped $5 billion in the United States, with 64 million pounds used 
for agriculture, home and garden, and other purposes (USEPA 2017, see Tables 2.2 & 3.1).  

The most widely used classes of insecticide include organophosphates, pyrethroids, and 
neonicotinoids. Neonicotinoids entered the market in the mid- to late-1990s (Figure 5.4), and 
because of their high insecticidal activity at low application rates, they are now the most used 
class of insecticides in the world (Braak et al. 2018, p. 507). By 2008, for example, neonicotinoid 
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insecticides accounted for 80% of global seed treatment sales (Jeschke et al. 2011, p. 2898), and 
by 2011, >79% of the corn hectares and 34% to 44% of soybean acreage in the U.S. were planted 
with neonicotinoid-treated seeds (Douglas and Tooker 2015, p. 5092). Neonicotinoid insecticides 
are absorbed into plants and distributed throughout their tissues to their stems, leaves, roots, 
fruits, and flowers. They kill and injure insects by attacking their central nervous system. 

Studies looking specifically at dose-response of monarchs to neonicotinoids, organophosphates 
and pyrethroids have demonstrated monarch toxicity (e.g., Krischik et al. 2015, entire; James 
2019, entire; Krishnan et al. 2020, entire; Bargar et al. 2020, entire). Moreover, the magnitude of 
risk posed by insecticides may be underestimated, as research usually examines the effects of the 
active ingredient alone, while many of the formulated products contain more than one active 
insecticide (e.g., Swagger contains bifenthrin and imidacloprid, Krishnan et al. 2020, p. 17, but 
see Oberhauser et al. 2009, entire). The additional risk posed from compounds added to improve 
the kill rate (referred to as synergists) are often not assessed. The use of synergists is not 
uncommon. Olaya-Arenas and Kaplan (2019, p. 13), for example, reported that fungicides (often 
used as a synergist) were most commonly detected on milkweed samples (e.g., 98% of the 
milkweed sample in one year contained the fungicide, Propiconazole) and, in many of these 
cases, co-occurred with insecticides like deltamethrin and thiamethoxam. See Insecticide 
Supplemental for further discussion of the risk of pesticides to the monarch, including data, 
references, and supporting information. 
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Figure 5.4. Estimated use of Clothianidin (a neonicotinoid) by location in 2003 (top) and 2013 
(bottom) and by year (right). USGS National Pesticide Synthesis Project, accessed 2020; 
https://water.usgs.gov/nawqa/pnsp/usage/maps/ 

Climate Change Effects 

Climate change can affect monarchs both directly and indirectly (Nail and Oberhauser 2015, 
entire) on both the overwintering and breeding grounds. Increasing storm frequency in the 
Mexican overwintering colonies can lead to catastrophic (up to 80%) mortality through the 
freezing temperatures that accompany these storms (Anderson and Brower 1996, p. 112; Brower 
et al. 2004, entire). Severe storms may become more frequent with precipitation predicted to 
increase during the winter when monarchs are present in Mexico (Oberhauser and Peterson 2003, 
p. 14067). 

Monarchs need a very specific microclimate at their overwintering sites not just to avoid storm 
mortality, but also to avoid early lipid depletion (see Chapter 2, Monarch Life History section). 
Additionally, changing precipitation patterns and temperatures may influence the microclimate 
needed by overwintering monarchs (Williams and Brower 2015, p. 116). Current modeling of the 
monarch’s fundamental niche predicts the loss of 38.6% to 69.8% of current suitable habitat 
within the Monarch Butterfly Biosphere Reserve (Zagorski 2016, p. 17). In western North 
America, climate change is predicted to cause a significant change in the distribution of 
overwintering monarchs in coastal California. Results from climatic niche modeling by Fisher et 
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al. (2018, p. 10) suggest that climate change will result in an inland and upslope displacement of 
suitable overwintering conditions. The probability of occurrence of suitable overwintering 
conditions becomes roughly proportional to elevation. 

Climate change impacts, particularly increasing temperatures, may impact monarch fecundity 
(Oberhauser 1997, pp. 168-169), mating success (Solensky and Oberhauser 2009, p.6), and 
survival during migration and while overwintering (Masters et al. 1988, entire; Alonso-Mejía et 
al. 1997, entire). Laboratory studies indicate optimal temperatures for monarch range from 27– 
29°C with sublethal effects beginning around 30–36°C range and an upper lethal thermal limit of 
42°C (Zalucki 1982, p. 243; York and Oberhauser 2002, p. 294; Zalucki and Rochester 2004, p. 
225; Nail et al. 2015b, p. 101). Nail and colleagues (2015b) also found nighttime temperatures of 
34°C during periods with daytime temperatures of 38°C resulted in lower survival, showing that 
respites from elevated temperatures are important in allowing monarchs to survive 
temperature stress (Nail et al. 2015b, p. 104). Temperatures consistently above 33°C to 35°C are 
unsuitable for monarchs and may account for their general absence from southern U.S. states 
after spring (Malcolm et al. 1987, p. 78; Zalucki and Rochester 1999, pp. 155- 157). High 
temperatures and drought conditions may be particularly impactful during the crucial spring 
migration (Chip Taylor, pers. comm. 2020). 

In addition to the impact of climate change on overwintering monarchs directly, the Mexico 
overwintering sites are predicted to be less suitable for oyamel fir trees, the predominant 
monarch roosting tree. The overwintering sites are predicted to become increasingly warm 
throughout the year, potentially making 50% or more of the sites unsuitable for oyamel fir trees 
in 2030, and completely unsuitable for the oyamel fir trees by 2090 (Sáenz-Romero et al. 2012, 
p. 102; Ramírez et al. 2015, p. 167). Widespread drought is similarly likely to impact trees in the 
western overwintering areas both directly and indirectly due to increased susceptibility to pests 
(Paine and Millar 2002, p. 148). 

A warming climate may influence breeding habitat by altering suitable locations for both 
monarchs (Batalden et al. 2007, pp 1369-1370) and their milkweed host plant (Lemoine 2015, 
entire). Saunders et al. (2019, p. 8612) suggested that nectar resources during migration may be 
reduced under climate conditions (decreased precipitation) projected for south-central Texas. 
Drought may also influence the amount and availability of nectar needed for migrating 
butterflies (Brower et al. 2015, entire; Stevens and Frey 2010, p. 740; Espeset et al. 2016; p. 826; 
see Widespread Drought section). The coastal non-migratory population may also be impacted 
by loss of habitat through rising sea levels due to climate change (Tampa Bay Climate Science 
Advisory Panel 2015, entire). While drought and increased temperatures may reduce monarch 
habitat in some areas, the climatically suitable niche for monarchs may increase, potentially 
increasing their summer breeding grounds if both monarchs and milkweed are able to adapt 
(Lemoine 2015, pp. 10-17). 

Climate change may additionally impact monarchs in ways that are more difficult to measure. 
This may include phenological mismatch (e.g., timing of milkweed and nectar sources not 
aligning with monarch migration; Thogmartin et al. 2017b, p. 13) or range mismatch with 
associated species (e.g., changed environmental suitability of monarch natural enemies; 
McCoshum et al. 2016, p. 229-233). Furthermore, recent research suggests that carbon dioxide 
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may impact the medicinal properties of some milkweed species, potentially leading to increased 
OE parasite virulence and decreased monarch tolerance of OE infections (Decker et al. 2018, 
p. 7; see Appendix 2 for more information on OE). 

Conservation Efforts 

While many factors have been implicated in the decline in monarch populations, the loss of 
milkweed and nectar resources (i.e., breeding and migratory habitat) has been targeted as the 
threat that can be most easily addressed through conservation efforts. Protection, restoration, 
enhancement and creation of habitat is a central aspect of recent monarch conservation strategies, 
thus highlighting the importance of restoring and enhancing milkweed and nectar resources 
(Oberhauser et al. 2017a, p. 6-8; Pleasants 2017, p. 43; Thogmartin et al. 2017b, p. 2-3; 
MAFWA 2018, p. 52; Pelton et al. 2019, p. 4-5, WAFWA 2019). Improved management at 
overwintering sites in California has also been targeted to improve the status of western North 
American monarch butterflies (Pelton et al. 2019, p. 4; WAFWA 2019). 

Major conservation plans and efforts include the Mid-America Monarch Conservation Strategy 
developed by the Midwest Association of Fish and Wildlife Agencies (MAFWA), the Western 
Monarch Butterfly Conservation Plan developed by the Western Association of Fish and 
Wildlife Agencies (WAFWA), and the Nationwide Candidate Conservation Agreement for 
Monarch Butterfly on Energy and Transportation Lands (CCAA/CCA) developed by  entities 
from the energy and transportation sectors and the Energy Resources Center at the University of 
Illinois – Chicago. The Mid-America Monarch Conservation Strategy established a goal of 
adding 1.3 billion stems of milkweed on the landscape by 2038 (MAFWA 2018). The 1.3 billion 
stem goal is an estimated goal for adding enough habitat to support 6 hectares of overwintering 
population for the eastern North American population, per Pleasants and Thogmartin et al. 
(2017; 2017c). Twenty states—including Arkansas, Illinois, Indiana, Iowa, Kansas, Kentucky, 
Maryland, Michigan, Minnesota, Missouri, Nebraska, New York, North Dakota, Ohio, 
Oklahoma, Pennsylvania, South Dakota, Texas, West Virginia, and Wisconsin—have agreed to 
participate in the effort to reach the 1.3 billion stem goal, which will require contributions from 
multiple sectors of society, including private land owners, agricultural and non-governmental 
organizations, rights-of-way organizations, and federal, state and local governments. The 
Western Monarch Butterfly Conservation Plan currently encompasses the states of Arizona, 
California, Idaho, Nevada, Oregon, Utah, and Washington, which comprise the core of the 
western monarch range (WAFWA 2019). The plan includes short-term goals of: 1) protecting 
and managing 50% of all currently known and active monarch overwintering sites, including 
90% of the most important overwintering sites by 2029; and 2) providing a minimum of 50,000 
additional acres of monarch-friendly habitat in California’s Central Valley and adjacent foothills 
by 2029. It also includes overwintering and breeding habitat conservation strategies, education 
and outreach strategies, and research and monitoring needs. The monarch CCAA will also 
contribute to the goals of these plans by coordinating and providing guidance to businesses and 
organizations in the energy and transportation sectors seeking to implement conservation efforts 
for monarchs. In exchange for implementing voluntary conservation efforts and meeting specific 
requirements and criteria, those businesses and organizations enrolled in the CCAA will receive 
assurance from the USFWS that they will not have to implement additional conservation 
measures should the species be listed. The goal of the CCAA is enrollment of up to 26 million 
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acres of land in the agreement, providing over 300 million additional stems of milkweed 
(Cardno, Inc. 2020). 

There are many other conservation efforts implemented under agreements, such as the Farm 
Service Agency’s Conservation Reserve Program and the Natural Resource Conservation 
Service’s Environmental Quality Incentives Program, Wetland Reserves Program, and 
Conservation Stewardship Program, which will be critical for meeting MAFWA and WAFWA’s 
stated goals. Additionally, multiple federal, state and local governments, non-governmental 
organizations, and private businesses and individuals have provided information about regional 
and local monarch conservation plans and efforts. Although not associated with any formal plans 
or agreements, we have also obtained information on thousands of small and backyard pollinator 
gardens through organizations such as Monarch Watch. 

Several land managers who oversee overwintering sites in California have developed and 
implemented grove management strategies (e.g., Ardenwood Historical Farm, Lighthouse Field) 
or have added monarch groves in their general management plans (e.g., Vandenberg Air Force 
Base). Others are in the process of developing grove management plans for which funding has 
already been established (e.g., Ellwood Mesa Complex). At this time, grove management plans 
have been implemented by at least three overwintering sites and are currently being developed 
for at least seven more. An additional 37 overwintering sites are on public land that has a general 
management plan that specifically includes protections for monarch groves (IELP and Xerces 
Society 2012, entire). Management and restoration of these sites may include activities such as 
replacing dead trees, modifying canopy structure, planting fall- and winter-blooming shrubs as 
nectar sources, and addressing monarch predation issues (Jepsen et al. 2017, entire). 

The USFWS developed the Monarch Conservation Database (MCD) to capture information 
about monarch conservation plans and efforts to inform the listing decision. As of June 1, 2020, 
there are 48,812 complete monarch conservation effort records in the MCD that have a status of 
completed, implemented, or planned since 2014, and 113 monarch conservation plans. These 
efforts constitute a total of 5,635,992 acres of land area in the continental United States and 
Hawaii (5,534,451 acres and 97,949 acres in the eastern and western populations, respectively) 
enhanced or created for monarchs, with the most common conservation effort being direct 
planting of milkweed and other nectar resources [note that these values include all completed, 
implemented, and not yet completed efforts; completed and implemented efforts to-date total 
4,542,323 acres nationally]. 

Worldwide – Current Condition 

Today, there are 30 extant populations and 1 presumed extant (Table 5.3, 5.4). The current health 
of these populations, however, is unknown, as there is insufficient information available (with 
the exception of the eastern and western North American populations, described above; Table 
5.5). 
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Table 5.3. The current status (extant; unknown or presumed extant; or extirpated) of ACUs, 
populations, and countries/islands. 

Status # ACUs # Pops # Countries/ 
Islands Definition 

Extant 8 27 69 Observed since 2000 

Unknown or 
Presumed Extant 0 4 21 

Not observed since 2000, but 
lacking multi-year survey 
efforts 

Extirpated 0 0 0 No observations despite 
multi-year survey efforts 

Table 5.4. Current status of monarchs in 90 known countries, islands, or island groups 
occurrences and 31 populations worldwide. Status = presumed extant (P), known extant (E). 

Population Country/Island Status Population Country/Island Status 
Aust ralia (E) Australia E Guam & 

Commonwealth of the 
Northern Mariana 
Islands [CNMI] (E) 

CNMI E 

Caribbean (E) 

Anguilla E Guam E 

Antigua and Barbuda P Hawaii (E) Hawaii E 
Bahamas E 

Iberian Peninsula (E) 

Azores P 
Barbados E Canary Islands E 
Bermuda E Gibraltar E 
Bonaire E Madeira E 
British Virgin Islands P Morocco E 
Cayman Islands P Portugal E 
Cuba E Spain E 
Dominica E Johnston Atoll (E) Johnston Atoll E 
Dominican Republic E Kiribati (E) Kiribati E 
Grenada E Marquesas Islands (E) Marquesas Islands E 
Guadeloupe E Marshall Islands (E) Marshall Islands E 
Haiti E 

Mascarene Islands (E) 
Mauritius P 

Jamaica E Réunion E 

Martinique E Micronesia (E) Federated States of 
Micronesia E 

Montserrat P Nauru (E) Nauru E 
Puerto Rico E New Zealand (E) New Zealand E 
Saba E Norfolk Island (E) Norfolk Island E 
Saint Barthélemy P Palau (E) Palau E 

Saint Kitts and Nevis P Papua New Guinea 
(E) Papua New Guinea E 

Saint Lucia P Philippines (P) Philippines P 
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Population Country/Island Status Population Country/Island Status 
Saint Martin E 

Samoa (E) 
American Samoa P 

Saint Vincent & 
Grenadines P Samoa E 

Sint Eustatius E 

South America and 
Aruba (E) 

Aruba E 
Sint Maarten E Colombia E 
Turks and Caicos 
Islands P Curaçao E 

US Virgin Islands E Ecuador E 

Central America 
(E) 

Belize E French Guiana P 
Costa Rica E Guyana E 
El Salvador E Peru E 
Guatemala E Suriname P 

Honduras E Trinidad and 
Tobago E 

Nicaragua E Venezuela E 
Panama E South Florida (E) South Florida* E 

Cook Islands (E) Cook Islands E 

South Pacific (E) 

Fiji E 

E. North America 
(E) 

Canada (also part of 
the W. N. America 
population) 

E New Caledonia E 

Mexico (also part of 
W. N. America and 
Central American 
populations) 

E Society Islands E 

Saint Pierre & 
Miquelon P Solomon Islands E 

E. United States E Vanuatu E 
Austral Islands 

(E) Austral Islands E Tokelau (P) Tokelau P 

Greater Indonesia 
(P) 

Brunei P Tonga (E) Tonga E 
Indonesia P Tuvalu (E) Tuvalu E 
Malaysia P Wallis & Futuna (P) Wallis and Futuna P 
Timor-Leste P W. North America (E) W. United States* E 

*Country that is listed multiple times, but not counted again (note that countries may be counted 
multiple times if they have distant islands; e.g., Hawaii is counted separately from the contiguous United 
States.) 
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Table 5.5. Population health: current status, past trend in population size (N), current status of 
milkweed & nectar resources, current status of insecticides, and overwintering habitat 

ACU Population Status Trend in N MW/Nectar Insecticides OW 
Habitat 

Overall 
Condition 

A
us

tra
lia

, N
ew

 Z
ea

la
nd

,
an

d 
In

do
-P

ac
ifi

c I
sl

an
ds

 

Australia Extant Unknown Unknown Unknown Unknown Unknown 
Cook 
Island Extant Unknown Unknown Unknown N/A Unknown 

French 
Polynesia Extant Unknown Unknown Unknown N/A Unknown 

Greater 
Indonesia Unknown Unknown Unknown Unknown N/A Unknown 

Guam and 
CNMI Extant Unknown Unknown Unknown N/A Unknown 

Johnston 
Atoll Extant Unknown Unknown Unknown N/A Unknown 

Kiribati Extant Unknown Unknown Unknown N/A Unknown 
Marquesas 
Islands Extant Unknown Unknown Unknown N/A Unknown 

Marshall 
Islands Extant Unknown Unknown Unknown N/A Unknown 

Mascarene 
Islands Extant Unknown Unknown Unknown N/A Unknown 

Micronesia Extant Unknown Unknown Unknown N/A Unknown 
Nauru Extant Unknown Unknown Unknown N/A Unknown 
New 
Zealand Extant Unknown Unknown Unknown Unknown Unknown 

Norfolk 
Island Extant Unknown Unknown Unknown N/A Unknown 

Palau Extant Unknown Unknown Unknown N/A Unknown 
Papua New 
Guinea Extant Unknown Unknown Unknown N/A Unknown 

Philippines Unknown Unknown Unknown Unknown N/A Unknown 
Samoa Extant Unknown Unknown Unknown N/A Unknown 
South 
Pacific 
Islands 

Extant Unknown Unknown Unknown N/A Unknown 

Tokelau Unknown Unknown Unknown Unknown N/A Unknown 
Tonga Extant Unknown Unknown Unknown N/A Unknown 
Tuvalu Extant Unknown Unknown Unknown N/A Unknown 
Wallis & 
Futuna Unknown Unknown Unknown Unknown N/A Unknown 

Central 
America, 
Caribbean 

Caribbean Extant Unknown Unknown Unknown N/A Unknown 
Central 
America Extant Unknown Unknown Unknown N/A Unknown 

Southern 
Florida Florida Extant Unknown Unknown Unknown N/A Unknown 
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ACU Population Status Trend in N MW/Nectar Insecticides OW 
Habitat 

Overall 
Condition 

Hawaii Hawaii Extant Unknown Unknown Unknown N/A Unknown 
Iberian 
Peninsula 

Iberian 
Peninsula Extant Unknown Unknown Unknown N/A Unknown 

South 
America, 
Aruba 

South 
America 
and Aruba 

Extant Unknown Unknown Unknown N/A Unknown 

Eastern 
North 
America 

Eastern North America Extant See Eastern North American Population section 
below 

Western 
North 
America 

Western North America Extant See Western North American Population section 
below 

Worldwide – Current Influences 

There is little to no information on the status and health for most of these populations, as well as 
information regarding positive or negative influences acting upon these populations. Below we 
discuss what little information is known or can be assumed. 

There is limited information on predation, parasitism, and disease outside of eastern and western 
North American populations. Parasitism rates from Tachinid flies have been documented in 
Australia, Hawaii, throughout Central America, and Brazil. In Australia, the rates fluctuate 
throughout the year, ranging from very low to up to 100% of sampled monarchs in February 
(Smithers 1973, p. 38). Another parasitoid, the wasp Pteromalus puparum, is also known to 
attack monarch pupae in other locations (Ramsay 1964, p. 15). The protozoan parasite, OE, 
infects monarchs throughout Australia, Central and South America (Altizer et al. 2000, p. 135), 
and Hawaii (Pierce et al. 2014b, p. 1). Thus, given this limited information, we are unable to 
ascertain to what extent predation, parasitism, and disease impact worldwide monarch 
populations. Similarly, while data suggest global use of insecticides is increasing, we are unable 
to estimate the degree of overlap with monarch populations and thus derive a credible projection 
of impact on the worldwide monarch populations. 
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Chapter 6: Results –Future Influences and Catastrophic Events 

This chapter describes our projections for the future states of the influences. To capture the 
uncertainty in our future projections, we identified both plausible optimistic and pessimistic 
changes for each influence. These optimistic and pessimistic states for each influence were then 
combined to create composite plausible “best case” and “worst case” scenarios. Additionally, we 
describe the events that are likely to be catastrophic should they occur. 

North American Populations – Future Scenarios 

To assess the future condition of monarch populations, we organized the key factors driving 
monarch population dynamics into 5 categories: 1) milkweed availability, 2) nectar availability, 
3) migration nectar availability, 4) climate change effects, and 5) insecticide exposure. We then 
forecasted how each of these five influences is expected to change (i.e., its expected future state 
condition). We described the expected changes as the percent change from current state 
conditions (Figure 6.1 & 6.2). Lastly, we combined the most optimistic and pessimistic expected 
state conditions of each influence to form composite plausible best and plausible worst scenarios, 
respectively. The range of plausible future state conditions for each influence is described below 
and summarized in Table 6.1 (eastern population) and Table 6.2 (western population). 

Figure 6.1. Range of forecasted % change from current state conditions for eastern population 
influences. Bars above and below the x-axis represent positive and negative changes, 
respectively, relative to monarch numbers. S, NC, and NE represent the Southern, Northcentral, 
and Northeastern subregions of the breeding range, respectively. 
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Figure 6.2. Range of forecasted % change from current state conditions for western population 
influences. Bars above and below the x-axis represent positive and negative changes, 
respectively, relative to monarch numbers. 

Table 6.1. Description of the future state conditions for the influences for the eastern population. 
Time = the time period over which the change will occur.  % Change = estimated % change in 
influence. NC = northcentral, NE = northeast, S = south. 

Influence Time/% Change Description 
Milkweed 18 years 
Best NC: 22% increase 

NE: 3% increase 
S: 5% increase 

Successful implementation of the Mid-America Monarch 
Conservation Strategy and other planned efforts, alongside 
gains of CRP habitat (22% increase in CRP acreage relative 
to 2018 levels), and a 2% milkweed stem gain driven by 
future land cover change, results in widespread habitat gains, 
primarily occurring in the North Core geography. 

Worst NC: 11% increase 
NE: 1% loss 
S: 6% loss 

Successful implementation of the Mid-America Monarch 
Conservation Strategy and other planned efforts, occurring 
alongside losses of CRP habitat (35% decline compared to 
2018 CRP levels), with no impact from future land cover 
change, results in modest habitat gains overall but variable by 
geography. 

Nectar Resources Same as 
Milkweed 

Same as Milkweed conditions 

Migration Nectar 18 years 
Best S: 5% increase (Same as Milkweed “Best”) 
Worst S: 6% loss (Same as for Milkweed “Worst”) 
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Influence Time/% Change Description 
Overwintering 
habitat 

25 years 

Best 1% gain Natural forest regeneration caused by reduced illegal logging 
and grazing pressures is projected to result in very slight 
gains of habitat over time. 

Worst 33% loss Losses of trees due to large-scale illegal logging and climatic 
factors are projected to continue at rates that have been 
observed in the recent past. This assumes that funding and 
programs implemented very recently are not sustained. 

Climate change -
Habitat 

60 years 

Best NC: 78% increase 
NE: 72% increase 
S: no change 

Climate change drives increased habitat suitability and 
northward range expansion, up to a boundary of 
approximately 50°N latitude, resulting in widespread habitat 
increases throughout the eastern geography, particularly in 
Canada. 

Worst NC: 29% loss 
NE: 2% loss 
S: 83% loss 

Climate change reduces overall habitat suitability across the 
current range; monarchs and milkweed do not effectively 
shift their range northward to track changing climatic 
conditions, resulting in habitat losses occur across the range, 
most notably in the southern geography. 

Insecticides 25 years 
Best 5% decrease Increasing attention for monarch conservation via MAFWA, 

CCAA, and MP3 plans, as well as increasing opportunities 
for VRT & newer equipment with the shift to larger farming 
operations. 

Worst 30% increase Increasing demand for food production leading to increases 
pest management; increasing trend in crop and disease-vector 
pests leading to aggressive insecticide response to prevent 
crop damage (e.g., soybean aphid) and disease outbreaks 
(e.g. Zika, West Nile). 

Table 6.2.  Description of the future state conditions for the influences on the western population. 
Time = the time period over which the change will occur.  % Change = the % change estimated. 

Influence Time/% Change Description 
Milkweed 50 years 

Best 2% loss Incorporates a low human growth scenario and conservation 
efforts implanted via the WAFWA plan and nonprofit groups. 

Worst 3% loss Incorporates a high human growth scenario and conservation 
efforts implanted via the WAFWA plan and nonprofit groups. 

Nectar Resources Same as Milkweed conditions 
Overwintering 
habitat 

50 years 
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Influence Time/% Change Description 
Best 18% loss Projected losses of overwintering habitat are decreased from of 

those losses observed caused by urban development between 
1990-1998 due to increased coastal development regulations and 
recent decreasing population growth rate in California. 
Conservation efforts implanted via the WAFWA plan are also 
included. 

Worst 31% loss Projected losses of overwintering habitat are consistent with 
those losses observed caused by urban development between 
1990-1998 due to continued increasing population in California. 
Conservation efforts implanted via the WAFWA plan are also 
included. 

Climate change – 
habitat 

20 years 

Best 8% decrease Increases in suitable climate niche due to projected increases 
temperatures. 

Worst 65% increase Losses of breeding and overwintering habitat due to projected 
increases in drought intensities & frequencies; the combined 
effect of dry spring conditions and warmer summer 
temperatures. 

Climate change – 
non-habitat 

20 years 

Best 6% decrease Projected increases in minimum temperatures may expand the 
amount of time available for western monarch reproduction, 
thereby allowing for more generations per year to be produced 
and boosting monarch numbers. 

Worst 50% increase Reductions in reproduction and survival due to projected 
increases maximum daily temperatures, and hence, the number 
of days where temperatures exceed critical monarch thresholds. 

Insecticides 20 years 
Best 9% decrease Increasing attention for monarch conservation via WAFWA, 

CCAA, and MP-3 plans, as well as increased awareness of 
pollinator declines could lead to reduced and more targeted 
insecticide use. 

Worst 68% increase Increasing demand for food and projected land conversion from 
rangeland to agriculture; significant overlap of agricultural lands 
and the areas of most important to monarch production--CA 
Central Valley; and lack of standardize, broad-scale efforts and 
difficulty regulating use needed to reduce exposure 

Availability, Distribution, and Quality of Milkweed 

Eastern Population 

Future scenarios for milkweed and nectar resources for the eastern population include a 
combination of 1) projected conservation effort, 2) projected changes in CRP acreage, and 3) 
other habitat change driven by projected land cover change. Scenarios are described in terms of 
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percent change in “habitat” as indicated by milkweed stem estimates (with habitat assumed to 
consist of both milkweed and nectar resources, effectively co-occurring in a 1:1 ratio on average 
at broad scale), where percent change is reported relative to 2020 milkweed estimates, 
respectively for each subregion (Northcentral, Northeast, and South). “Baseline” (2020) habitat 
estimates were derived from the USGS “seamless” land cover spatial data (Rohweder and 
Thogmartin 2016; see Appendix 2 for additional methodological details), also including all 
completed and implemented efforts reported since 2014 via the national MCD. 

For the eastern population, our future milkweed scenarios incorporated all not yet implemented 
(i.e., future) formalized conservation efforts reported to the MCD. For each subregion, the same 
level of formalized future conservation effort was projected for both the upper and lower bounds. 
For the Northcentral subregion, projected future formalized conservation effort associated with 
the Mid-America Monarch Conservation Strategy results in an additional 1.3 billion milkweed 
stems. We assumed conservation efforts occurring since 2014 effectively contribute to that goal. 
For our upper bound, we assumed achieving that goal would also include projected gains in 
CRP, meaning that any increase in CRP acres (in this case a 22% gain relative to 2018 levels; 
156,485,213 stems) are not additive (beyond the 1.3 billion stem target) but rather are a 
contribution toward the overall target in the Northcentral subregion. For the lower bound in the 
Northcentral subregion, we assumed a similar level of effort would occur compared to the upper 
bound but with 35% less CRP contributions. Lacking any comparable overarching multi-state 
plan for much of the South and Northeast, we assumed CRP changes would be additive to future 
formalized conservation efforts in those subregions. For the conservation effort component of the 
eastern population future scenario, relative to 2020 levels, we projected an estimated 17% 
increase for the Northcentral, a 0.28% increase for the South, and a 0.03% increase in in 
milkweed/nectar in the Northeast subregions. 

For CRP, we relied on USDA agricultural projections (USDA 2020), along with national CRP 
trend data and expert input from USDA-Farm Service Agency (Skip Hyberg, retired Senior 
Economist; personal communications). US Farm Bill programs are inherently difficult to predict, 
occurring at roughly 5-year legislative cycles and reflecting national and global economic and 
policy drivers that influence commodity prices and agricultural land values. We used current 
USDA projections (USDA 2020) for CRP to inform our upper bound, assuming that CRP 
increase under their stated assumptions could occur linearly over the next 18 years. Relative to 
2018 CRP acreage, our upper bound scenario projected a 22% increase in CRP habitat and our 
lower bound scenario projected a 35% decline in CRP acres, respectively for each subregion. 
The lower bound CRP scenario was based on 10-year national CRP acreage declines (2008-
2018). For purposes of milkweed stem estimates, future CRP losses/gains were assumed to 
change to/from cropland land cover. 

For broader land cover change, we used the USGS FORE-SCE (Sohl et al. 2018) spatial data 
projections, which are informed by International Panel on Climate Change Special Report on 
Emissions Scenarios (IPCC 2000), to evaluate predicted milkweed stem change, respective to 
each subregion. Our scenarios account for land cover change occurring independent of 
conservation effort and CRP changes. Milkweed stem estimates, by land cover type, were based 
on a modified interpretation of Thogmartin et al. (2017c) where a subset of land cover types 
were lumped or split when necessary to align with the land cover classification scheme available 
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in the FORE-SCE spatial data. We assumed land cover change would occur roughly linearly; 
therefore, we annualized the projected rate of change relative to the 2050 model output provided 
by FORE-SCE. For the land cover change component of our future scenarios, we estimated a 
4% increase in milkweed stems in the Northcentral subregion, a 5% increase in the Northeast 
subregion, and a 4% increase in the South subregion over 40 years for the upper bound 
(primarily driven by urbanization trends). For the lower bound, we assume no habitat change due 
to projected land cover change. 

When conservation effort, CRP, and land cover were considered holistically, overall projected 
changes in milkweed and nectar habitat range from a 11-22% increase in the Northcentral 
subregion, a 1% decrease to 3% increase in the Northeast subregion, and a 6% decrease to 5% 
increase in the South subregion (Table 6.1). 

Western Population 

The western population future state conditions are predicated upon projections of 1) human 
population growth rate in California and corresponding changes in landuse/cover and 2) 
conservation efforts throughout the West. California’s Central Valley is an important production 
area for western monarchs (Crone et al. 2019, p. 10) and important migration pathway. Thus, the 
availability of milkweed or nectar resources in this area greatly influences the western population 
dynamics. Hence, we primarily relied on trends in California—and the Central Valley, in 
particular—to project the future state condition of milkweed and nectar availability. Loss of 
rangelands (an important land cover for monarchs) represented the largest land cover change in 
California’s Central Valley, with a loss of approximately 1,054 km2 (~260,450 acres) between 
1980 and 2000 (Sleeter 2016). To project future trends, we used the results from Sleeter et al. 
(2017) analyses. They projected future land use change in California under three human 
population growth projections, and we chose the low and high human population growth 
scenarios to bound the range of plausible human population growth and the associated land use 
projections to estimate the change in monarch breeding habitat. The human growth projections 
were developed by the California Department of Finance (2019), which monitors human 
population growth trends at state and county scales. We believe that the methods used to develop 
these projections were scientifically rigorous, and thus, the scenarios represent the best available 
data and realistic projections of human population growth in California. In the low human 
population growth scenario, by the year 2070 approximately 2,600 km2 will be converted from 
grassland or shrubland habitat to land use types that do not support monarchs. This represents a 
loss of 1.7% from the current amount of grassland and shrubland habitat currently available in 
California. In the high human population growth scenario, by the year 2070 approximately 5,300 
km2 will be converted from grassland or shrubland habitat to land use types that do not support 
monarchs. This represents a loss of 3.4% from the current amount of grassland and shrubland 
habitat currently available in California. 

To forecast plausible future conservation efforts, we relied upon the WAFWA plan (2019, p. 39) 
and ongoing projects by nonprofit groups. Under the WAFWA plan, a minimum target of 202 
km2 of breeding habitat and adjacent foothills will be restored by 2029. The key drivers in 
realizing the plan’s restoration goals are adequate funding and partner willingness. These issues 
are discussed within the plan and we agree with the rationale given for why these targets are 
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plausible (WAFWA 2019, pp. 86-87). We also believe that additional conservation will be 
achieved by nonprofit groups and use information from the Xerces Society as proxy for 
estimating the quantity of habitat restored to project habitat restoration into the future. The 
Xerces Society has received funding to restore 2.65 km2 of breeding habitat over the next five 
years and we use this value to project restoration by nonprofit groups over the next 50 years (an 
estimated total of 26.5 km2). It is reasonable to expect similar levels of effort and funding for 
nonprofit groups to continue because supporting organizations such as the Monarch Joint 
Venture have shown that they are committed to furthering the conservation of the species in the 
West by funding these projects into the future. Thus, under both scenarios, we assumed 228 km2 

of habitat will be restored, yielding 2,384 km2 (-2%) and 5,116 km2 (-3%) for the best (low 
population growth) and worst (high population growth) case scenarios, respectively (Table 6.2).  

Availability, Distribution, and Quality of Breeding Range Nectar Resources 

Milkweed stem density is assumed to be a reasonable proxy for the availability, abundance, and 
phenological diversity of nectar resources. Monarch conservation best management practices 
generally tend to focus on producing more milkweed alongside diversified vegetation 
composition and structure, leading to more abundant and more diverse nectar resources that may 
be available for extended periods of the growing season (additionally, milkweed itself serves as a 
nectar source throughout a portion of the year). The ratio of milkweed:nectar outputs is largely 
unknown, is difficult to quantify, and likely varies by land cover, sector, conservation practice, 
geography, and climatic conditions. While some efforts may produce disproportionate changes in 
milkweed or nectar resources, 1:1 the relationship between nectar and milkweed is generally 
assumed to be correlated on average over broad spatial scales. As the mechanisms affecting the 
availability of nectar and milkweed are assumed to be the same, our future projections for them 
are proportionally the same as well. 

Availability, Distribution, and Quality of Migration Nectar Resources 

See the previous section “Nectar Resource Availability” for our rationale on why our southern 
milkweed scenario is a suitable proxy for nectar. As the mechanisms affecting the availability of 
nectar and milkweed are generally assumed to be the same, our future projections for them are 
proportionally the same as well. 

Availability and Quality of Overwintering Habitat 

Eastern Population 

The future projections of the availability of overwintering habitat are largely predicated upon the 
analyses within Honey-Rosés et al. (2018), Vidal et al. (2014), and Flores-Martínez et al. (2019), 
the key findings of which are described below. 

Under the best case scenario (1% increase, Table 6.1), we assumed that: 1) forest regeneration 
within the Monarch Butterfly Biosphere Reserve continues at the current rate (0.04% annually), 
and 2) the negative effects from illegal logging and climate change will lessen over time. Honey-
Rosés and colleagues (2018) estimated 0.04% gains in reforestation annually due to natural 
forest regrowth and concerted replanting efforts. The current regeneration rate is driven largely 
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by reduced logging and grazing pressures, a trend we can plausibly foresee continuing over two 
or more decades. We also assumed that this rate captures any loss of overwintering habitat (and 
regeneration outweighs these negative stressors, assuming that illegal logging will continue to 
decline as well and both oyamel fir trees and monarchs will adapt to the projected environmental 
conditions under climate change; see Sáenz-Romero et al. 2012). 

Under the worst case scenario (33% decrease, Table 6.1), we assumed that: 1) illegal logging 
returns to rates observed prior to involvement and funding by stakeholders, and 2) the recent loss 
of habitat due to climatic factors continues. Vidal and colleagues (2014) observed a high 
percentage of loss due to illegal logging between 2001 and 2012 (2,179 hectares of core zone 
were impacted due to illegal logging over 11 years; Vidal et al. 2014). Flores-Martínez and 
colleagues (2019) observed the highest recently recorded rate of habitat loss due to climatic 
factors between 2012 and 2018 (125 hectares impacted due to climatic factors over 6 years) and 
we can foresee this trend continuing over two or more decades. Combined, these factors result in 
an annual loss of approximately 219 ha of overwintering habitat per year (5,473 ha by the year 
2045). We assumed that the recent reductions in illegal logging (Flores-Martínez et al. 2019) do 
not continue or are no longer effective going forward, and thus, rates of illegal logging revert to 
levels previously observed (since 2000). This is plausible because many of these improvements 
rely on funding and programs offered by the government and outside entities; if they can no 
longer be funded, then both large- and small-scale logging operations are expected to resume 
(Flores-Martínez et al. 2019, p. 7).  

Western Population 

The future projections of the availability of overwintering habitat are predicated upon: 1) 
forecasts of urban development and associated monarch habitat loss along coastal California and 
2) conservation efforts under full implementation of the WAFWA plan. There is a strong interest 
by the State and conservation groups to protect and manage key monarch overwintering sites, 
and thus, under both scenarios, we assume that the actions proposed by WAFWA and 
conservation groups will be fully implemented. Under the WAFWA plan, 50% of all known 
overwintering sites will be protected and managed for monarchs by 2029 (WAFWA 2019, p. 
35). It is reasonable to expect the WAFWA plan to be fully implemented because the plan 
outlines the steps required and identifies the key players (WAFWA 2019, pp. 87-88) and the 
State of California continues to further legislation designed to support implementation of the 
plan (State of California 2018).  

Although the current rate of monarch overwintering habitat loss is unknown, rate of loss from 
1990 to 1998 (due primarily to urban development) was 12% (Griffths and Villablanca 2015, 
entire). The threat of urban development in coastal California remains. Given continued 
increases in the human population (California Department of Finance 2019), we expect loss of 
overwintering sites due to urban development to continue. However, we can foresee the rate of 
habitat loss decreasing because California’s population growth rate has been below 1.0 percent 
since 2005, with the 2019 growth rate being the lowest since 1900 (California Department of 
Finance 2019). Given this, we can foresee a reduction from the rate of overwintering habitat 
reported by Griffiths and Villablanca (2015) to 6% loss every 9 years, which is half of the rate 
observed in the 1990s. Under this foreseeable best case scenario, considering protection and 
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maintenance of 50% of the overwintering sites starting in 2029 and a decreased rate of habitat 
loss at the remaining 50% of sites, we estimate a total loss of 18% of habitat over the next 50 
years (Table 6.2). Under the foreseeable worst case, considering protection and maintenance of 
50% of the overwintering sites starting in 2029 and continued loss of habitat at the observed rate 
(Griffiths and Villablanca 2015), we estimate a total loss of 31% over the next 50 years (Table 
6.2). 

Climate Change Effects 

Eastern Population 

Our future scenarios for habitat related climate changes were derived primarily from the model 
results of Lemoine (2015, entire). For the best case climate change scenario, suitable habitat 
increases by 78% in the Northcentral subregion, increases by 72% in the northeast subregion, 
and has no gain or loss in the southern subregion. This was based on the slightly modified 
monarch and milkweed ecological niches as modeled by Lemoine (2015), using the moderate B2 
emission scenario. While Lemoine (2015) found an overall increase in suitable breeding habitat 
for eastern monarchs, we assume that this increase will ultimately be constrained by the current 
northern extent of the monarch’s range (approximately 50°N). This is reasonable to expect 
because while there could be some northward expansion in suitable habitat driven by climate 
change, there are simultaneous factors that limit the degree to which milkweed and monarchs 
will be able to fully realize a northward range expansion (particularly in terms of population-
level outcomes). First, northern expansion of milkweed is expected to lag behind changing 
climatic conditions, both because of the time it takes the species to colonize large, new areas and 
because of other potential differences in suitable habitat (e.g., different soil types or competing 
vegetation). Second, monarchs are mobile, but northward expansion might also be limited for 
physiological reasons (e.g., lack of directional flight after certain dates, insufficient energetic 
resources, etc.; Taylor, pers. comm. 2020). Third, even if monarchs and milkweed were able to 
effectively colonize beyond their current northern limit (~50°N), these monarchs would not be 
able to successfully migrate such a long distance to Mexico, as evidenced by the limited tag 
returns from similarly far away areas in the north and northeast (Taylor, pers. comm. 2020). 
Furthermore, those monarchs that did successfully make the extended journey to the 
overwintering grounds might subsequently have lowered fecundity due to the increased energetic 
constraints relative to monarchs that migrated from more optimal core breeding grounds. Thus, 
we assumed future range expansion will be limited to 50°N latitude. 

Under the same moderate emissions scenario, Lemoine (2015) estimates that the southern 
subregion of the current eastern population breeding range will have a loss of the southernmost 
portion of the range but backfilling in the more northern part of the southern subregion. Overall, 
there was more backfilling than loss of southern habitat (for a potential 34% increase); however, 
this does not account for the importance of the southern portion of the breeding range, 
particularly for migratory demographic connectivity (Flockhart et al. 2015, p. 5). Thus, for this 
likely best case scenario, we took a moderate approach and assumed neither an increase nor 
decrease in the suitable habitat in the southern subregion (Table 6.1). 

For the worst case scenario, we used Lemoine’s more severe modeled climate change scenario 
(A2 emissions scenario), but again we constrained monarch expansion to 50°N latitude. Under 
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this climate change scenario, habitat losses will occur in all 3 subregions: 29% loss in the 
Northcentral subregion, 2% loss in the northeast sub-region, and 83% loss in the southern 
subregion (Table 6.1).  

Western Population 

We relied upon expert predictions and other information to quantify the change in impacts from 
climate change to western monarchs over the next 20 years. We elicited the current and predicted 
future influence of non-habitat and habitat mediated effects of climate change on monarch 
numbers (Voorhies et al., 2019, Suppl. 2). 

Non-habitat mediated climate change effects 

The median (across experts) predicted percent change in influence from the current condition 
ranged from a 6% decrease in impact to a 50% increase in impact over the next 20 years (Table 
6.2). The key underlying premise for the experts’ predicted lessening impact from climate 
change effects is predicated upon recent findings suggesting increases in temperatures could 
improve reproduction. Svancara et al. (2019), for example, found that the projected increases in 
minimum temperatures in Idaho will expand the amount of time available for western monarch 
reproduction (by a half to a full month), thereby allowing for more generations per year to be 
produced and boosting monarch numbers. 

The key underlying premises for predicting increasing impact from climate change include 
increasing maximum daily temperatures and severe precipitation events. Increasing 
temperatures–extremes and nighttime temperatures–can hinder reproduction and lead to 
increased mortality when temperatures exceed critical thresholds (38⁰C and 42⁰C, respectively; 
see the climate change section under Influences above). Projected changes in climate show 
continued and accelerated increases in temperature across the western U.S. through the twenty-
first century (Sillmann et al. 2013, entire). In California, for example, statewide warming of 2-
4°C (RCP 4.5) to 4-7°C (RCP 8.5) is projected by the end of the century (Pierce et al. 2018, pp. 
iv, 17-18); extreme temperature events are predicted to increase as well (Pierce et al. 2018, p. 22-
28; see also Climate Change discussion under the Current Influences section above). 

The experts also forecasted increased mortality from increasing intensity of strong precipitation 
events at overwintering sites. Unlike the temperature projections, regional changes in 
precipitation are more variable among global climate models (Kharin et al. 2013, entire). 
However, climate models generally project an increase in extreme precipitation events in 
California, including the overwintering coastal areas for monarch (Pierce et al. 2018, p. 26; 
Swain et al. 2018, entire). 

We believe the experts’ projections are supportable given the climate change projections 
available and the knowledge on monarch critical temperature thresholds. Under the best case 
scenario, the experts assumed that with projected increases in temperature, the number of 
generations and thus number of monarchs will increase and the number of days where the 
maximum temperatures exceeds critical thresholds will not increase. Under the worst case 
scenario, the experts forecasted increased mortality and reductions in reproduction given 
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projected increases in maximum temperatures and the intensity of “most intense” precipitation 
events at overwintering sites. 

Habitat-mediated climate change effects 

The median (across experts) predicted percent change in influence from current condition ranged 
from an 8% decrease to a 65% increase over the next 20 years (Table 6.2). The experts’ 
predictions are predicated upon anticipated changes in: 1) drought frequencies and severities, 2) 
the suitability of monarch overwintering habitats along coastal California, and 3) the suitability 
of monarch breeding habitat throughout the West. 

The experts’ prediction for a reduction in impact is predicated upon recent analyses that show 
monarch distribution being largely a function of milkweed occurrence (Dilts et al. 2019, p. 6; 
Lemoine 2015, p. 11; Svancara et al. 2019, p. 14), and with increasing temperatures, the area of 
suitable climate niche may expand (Svancara et al. 2019, p. 15). 

The experts’ prediction of an increasing impact is predicated on increasing drought intensities 
and or frequencies, which will reduce milkweed and nectar plant availability throughout the 
West. Stevens and Frey (2010, entire) found moisture regime acts as a strong bottom-up driver of 
monarch abundance patterns via resource availability in the West. Drought indices for California, 
Idaho, Nevada, and Oregon (but not Arizona, Utah, or Washington) were each significantly 
associated with monarch wintering abundance patterns, with California exhibiting the strongest 
relationship. Variation in moisture availability within a block of three contiguous central 
California climate divisions (Sacramento Drainage, San Joaquin Drainage, and Southeast Desert 
Basin) significantly predicted inter-annual abundance of migrant generation monarchs. Similarly, 
Espeset et al. (2016, p. 824, 826) found a positive effect of precipitation and western monarch 
numbers at focal sites. These findings suggest that precipitation may be a limiting factor and thus 
increased drought—frequency or intensity—will negatively affect western monarchs. 

Even though annual precipitation changes due to climate change are predicted to be modest, 
year-to-year variability is predicted to increase due to the wetter winter conditions and drier 
spring conditions in California (Pierce et al. 2018, p. 27). The overall result is an increase in the 
frequency of dry years due to fewer wet days, but more precipitation on wet days (Pierce et al. 
2018, p. 27). In addition, maximum July temperatures are expected to increase and heat waves 
may span longer durations (Pierce et al. 2013, entire). This could lead to increased 
evapotranspiration (Diffenbaugh et al. 2015, p. 3994) and a greater likelihood of monarch 
habitats drying, both inland breeding and coastal overwintering (Pierce et al. 2018, p. 25). The 
combined effect of dry spring conditions and warmer summer temperatures would reduce the 
amount of milkweed and nectar resources across the landscape available for nectaring and egg-
laying, particularly in the early part of the year when western monarchs are migrating away from 
the overwintering sites to produce the first generation. These overwintering monarchs have low 
energy reserves and lack the flexibility to continue moving if resources are not immediately 
available. Thus, they may die before finding suitable breeding habitat. 

The experts indicated that severe drought can cause overwintering tree loss and degradation, 
decreasing the availability and quality of roosting habitat for monarch butterflies in the West 
(Pelton et al. 2016, p. 29). Many groves are dominated by one or a few tree species, especially 
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blue gum eucalyptus, which are not native to California and are considered drought sensitive 
(Marcar et al. 1995, p. 46). Drought-stressed eucalyptus trees are vulnerable to infestation by 
insect borers, exacerbating tree loss in these groves (Paine and Millar 2002, p. 148), thereby 
reducing roosting habitat and wind protection. Stressed blue gum eucalyptus may also cease 
flowering, eliminating the main source of nectar available to monarchs during the overwintering 
season at some sites. Other dominant trees, such as Monterey pines and Monterey cypress, are 
more resistant to drought, but these species are the primary species in fewer than 25% of groves. 

Furthermore, Fisher et al. (2018, entire) modeled the future location of western monarch 
overwintering habitat under climate change scenarios in Santa Barbara County, California. They 
found a substantial shift in predicted overwintering habitat distribution. Monarchs currently 
overwinter along the coast to take advantage of the mild winter temperatures (Leong 1990, p. 
906; Weiss et al. 1991, p. 173), and if temperatures in California are predicted to rise through the 
year 2100, then similarly cool temperatures, and overwintering monarchs, should be found at 
higher elevations later this century. Under a plausible scenario (RCP 4.5), the probability of 
occurrence of overwintering habitat directly reflects elevation, with coastal regions having a 
reduced probability relative to today, and higher elevation sites increasing in probability. Under a 
more extreme scenario (RCP 6.0), high probability sites are located only along ridgelines and in 
mountaintop regions of the county. 

We believe the experts’ projections are reasonable given (1) there may be small increases in 
milkweed availability in some portions of the range, and (2) greater losses of monarch habitat 
from increased temperatures and drought. 

Insecticide Exposure 

We relied upon expert judgments to quantify the change in insecticide impact, i.e., the expected 
change in the insecticides state conditions and monarch response for the eastern and western 
populations (see Voorhies et al. 2019, Supplemental 2). Using the experts’ estimates and other 
information, we devised future projections for the percent change in impact to monarchs. We 
briefly describe key underlying premises and supporting evidence here; see Insecticide 
Supplemental for further detail. 

Eastern Population 

The expert-elicited projected future percent change in the magnitude of impact (monarch 
population- level response) is a 5% decrease to 30% increase over the next 25 years (Table 6.1). 
The expert’s range is predicated upon the three key premises: 1) there will be no change due to 
changes in the insecticide doses applied to kill insect pests that reduce crop yields, land use 
patterns, residential practices, or monarch use of milkweed across the various land uses, 2) there 
will be a small decrease due to changes in farming practices, and 3) there will be small to high 
increases in impacts due to additional applications of insecticides because of new agricultural 
pests that threaten crop yields, new human health threats, and increased vigor of insect pests. 

Insecticides are used across a diversity of sectors, with agriculture being the largest source of 
insecticide exposure for the eastern monarch population (the agriculture comprises 30% of land 
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use within eastern monarch population range and 60% of insecticide use nationwide). The Food 
and Agriculture Organization of the United Nations (FAO) estimates that a 50% increase in food 
production by 2050 is needed to meet the demand of the growing human population (FAO 2017, 
p. 46). In response, corn and soybean production is projected to increase by 16% and 33%, 
respectively, over the next 10 years (USDA 2020, p. 30, Table 5; p. 35, Table 10). Because only 
nominal increases in agricultural land expansion is expected in the eastern U.S. (USDA 2020, p. 
29; see Milkweed & Nectar Resources section above), this demand will be met primarily through 
increased yields. Crop production can be greatly diminished by pests. Crop and forest production 
losses from invasive insects and pathogens in the U.S., for example, have been estimated at $40 
billion/year (Paini et al. 2016, p. 7575); similarly, corn and soybean yield losses from pests are 
estimated to be 54% and 46%, respectively (USDA 2014, p.7). Thus, it is reasonable to foresee 
efforts to control insect pests intensifying over the next 30 years to meet the increasing demand 
for food. Additionally, increasing insecticide use among other sectors (e.g., homeowners, 
forestry, vector control districts) beyond agriculture is expected as well. The number of insect-
borne diseases in the U.S., for example, tripled from 2004 to 2016 (CDC 2018), and the causes 
(e.g., land use changes, increasing transcontinental movements, warming climate) underlying 
these trends are accelerating (Bradshaw et al. 2016, p. 4-5, FAO 2017, p. 56, 58; Petersen et al. 
2016, p. 280).  

Moreover, a warming climate is expected to exacerbate insect-borne diseases and pest burden 
via: 1) improved overwintering survival and faster development and hence increased pest 
population growth, 2) increased number of generations per season, 3) earlier arrival of migratory 
pests, and 4) expanding suitable climate envelopes leading to novel pest outbreaks (Caminade et 
al. 2019, p. 158; Sangle et al. 2015, p.3581; Sharma and Prabhakar 2014, p. 25). Deutsch et al. 
(2018, p. 918, figure 3) projected, for example, 18% and 32% increase in wheat and corn losses 
due to insect pests, respectively, with 2°C rise in global temperatures. Although the response of 
insect pests to climate change will vary, the preponderance of evidence suggests that warmer 
temperatures in temperate climates will yield more types and higher populations of insect pests 
and pathogens (Sangle et al. 2015, p. 3580, Wolfe et al. 2008, p. 568). These data indicate an 
increasing impact from escalating insecticide use into the future. 

Some of this increased impact will be mitigated through efforts (e.g., MAFWA, MP3, Rights-of-
ways CCAA) to reduce monarch exposure by promoting monarch-specific conservation efforts 
and increased awareness of the potential harm of insecticides to pollinators, in general. 
Additionally, the trend towards larger farming operations—which have the capital and capacity 
to more fully integrate newer technology such as variable rate technology (VRT) and upgrade to 
newest equipment—may also reduce the monarch’s exposure to insecticides. This reduction, 
however, is likely to be modest as small and mid-size farms still represent a large fraction of 
acres farmed (e.g., based on a nationwide sample [n=19,600] in 2015, 71% of land was operated 
by small and mid-size farms; USDA 2016, p. 4). 

Given the demand for increasing crop yields and the continued increasing trend in insect pests 
and insect-borne diseases, increases in insecticide use is foreseeable. Conservation efforts, via 
reduced exposure potential, are likely to prevent the full impact of these increases from 
occurring. Thus, we believe the expert’s 5% decrease to 30% increase represents a plausible 
projection of insecticide impacts on the eastern population over the next 25 years. 
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Western Population 

The expert-elicited projected future percent change in the magnitude of impact (monarch 
population- level response) is a 9% decrease to 68% increase over the next 20 years (Table 6.2). 
The experts’ range is predicated upon the three key premises: 1) areas with high insecticide use 
overlap significantly with areas most important to monarch production—California’s Central 
Valley, eastern Washington, southern Idaho; 2) the trend in land conversion from rangeland to 
agriculture will lead to an increasing demand for insecticides by the agricultural sector, and 3) 
despite California having the strongest pesticide registration in the country, ability to regulate 
exposure is difficult. 

Insecticide use is widespread across the most important breeding areas (Figure 6.4) for the 
western monarch, and it has been implicated as one of the key drivers in the decline of the 
western monarch population (Crone et al. 2019, p. 10; Forister et al. 2016, entire; Halsch et al. 
2020, entire). Based on volume alone, exposure to insecticides is greatest on or near agricultural 
lands. Between 2005 and 2012, the agricultural sector, for example, accounted for 60% of 
insecticide use (USEPA 2017, p. 11). Given the overlap of agriculture and monarch breeding 
areas, the trend in insecticide use on agriculture greatly influences monarch exposure to 
insecticides. The increasing demand for food production is expected to expand trade for all the 
projected agricultural commodities (USDA 2020, p. 55). California is the leading U.S. state in 
cash farm receipts, and its agricultural production includes more than 400 commodities 
representing over a third of the United States’ vegetables and two-thirds of the country’s fruits 
and nuts (California’s Managed Pollinator Protection Plan (MP3); CDPR 2018, p. 1) and ~15% 
of U.S. agricultural exports for 2017. In the western U.S., this demand for food will be met by 
expanding agricultural lands (Sleeter et al. 2017) and through increased yields (Popp et al. 2013, 
p.253), both of which will increase insecticide use in the western U.S. 

In addition, insecticide exposure is occurring across a wide variety of land use sectors. A study in 
the central valley of California, for example, detected pesticides in all land use types (Halsch et 
al. 2020, p. 13). Insecticides are used by: homeowners to control pests in yards and gardens or 
planting neonicotinoid-treated ornamentals from garden centers; municipalities to control 
mosquito populations (WAFWA 2019, p. 16) to prevent the spread of infectious diseases (i.e., 
West Nile virus, Zika virus); and federal, state, and private entities to control pest irruptions on 
rangelands (WAFWA 2019, p. 16). These data indicate an increasing impact in the future due to 
increasing use of and exposure to insecticides. 

We expect that some of this impact will be mitigated through efforts (e.g., WAFWA, MP3, 
Rights-of-ways CCAA) to reduce monarch exposure by promoting monarch-specific 
conservation efforts and increasing awareness of the potential harm of insecticides to pollinators, 
in general. The WAFWA plan, for example, points to monarch-specific BMPs and training for 
all sectors. Additionally, the states of California and Washington have MP3 plans in place and 
Idaho has a similar plan. The purpose of these plans is to mitigate the pesticide risk to bees, but 
in doing so, can also lead to reduced monarch insecticide exposure. 

Given the increasing demand for agricultural products and the substantial overlap of agricultural 
lands with important monarch breeding areas, increases in insecticide use or toxicity are 
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foreseeable. Conservation efforts, via reduced exposure potential, are likely to prevent the full 
impact of these increases from occurring. Thus, we believe the experts’ 9% decrease to 68% 
increase represents a plausible projection of insecticide impacts on the western population over 
the next 20 years. 

Figure 6.4. A Predicted distribution of milkweed and thus extent of potential monarch breeding 
areas—derived from a habitat suitability model (Dilts et al. 2018). B. Suitable habitat—milkweed 
potential—overlaid with croplands in western U.S. (WAFWA 2019, Fig. 6, p. 15). Dark blue spots 
correlate with the important for breeding areas -- the Central Valley, Columbia River, and Snake 
River Plain. 

North American Populations – Catastrophic Events 

We defined catastrophic event as an event that is expected to extirpate the population should the 
event occur. We evaluated several potential events to determine if they were of sufficient 
magnitude and severity to cause a population collapse. Below, we describe the events that are 
likely to be catastrophic should they occur. 

Eastern North American Population 

We assessed the following events for their potential to cause catastrophic losses: overwintering 
storms, widespread drought, fire, habitat loss, broad-scale insecticide spray events, and monarch 
disease and predation. Of these, we determined that two—extreme storm events and widespread 
drought— have sufficient magnitude (scope) and severity (causing population collapse) potential 
to pose a catastrophic risk to the eastern population. 
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Extreme Storm Mortality 

Storms during the annual cycle can cause high levels of mortality when monarchs are 
congregated (during migration and at the overwintering grounds). During migration, storms 
could be catastrophic if they occurred in areas where monarchs are funneled together (e.g., 
Texas, where the eastern migratory population funnels through in the spring and fall). However, 
after an extensive literature search, we found only a few documented incidences of storm 
mortality during migration (but see Howard and Davis 2012, entire). Moreover, although large 
numbers of monarchs funnel through at the same time, it is unlikely that storms will cover the 
relatively large area occupied at any time during migration and thus, not likely to rise to the level 
of causing population-level losses. Given this, we have insufficient information that the 
magnitude and severity of storms during migration pose a catastrophic risk. 

There is, however, well-documented mortality events at the Mexican overwintering sites from 
storms (e.g., mortality upwards of 80% has been documented [Brower et al. 2004, p. 158]). 
Monarchs are particularly sensitive to storms in Mexico because once wetted, monarchs freeze at 
a warmer temperature (approximately -4°C for wet butterflies, compared to -8°C for dry; Larsen 
and Lee 1994). Monarch freezing mortality from storms at overwintering sites has been 
documented during the winters of 1980-1981, 1995-1996, 1999-2000, 2001-2002, 2003-2004, 
2009-2010, and 2015-2016 (Oberhauser and Peterson 2003, p. 14063, Brower et al. 2005, p. 970, 
Fink et al. in prep). Given the potential severity and the high magnitude across the relatively 
small overwintering sites, extreme storm events pose a catastrophic risk for the eastern monarch 
population. A previous model shows a potential increase in precipitation events in the winter 
(Oberhauser and Peterson 2003, p. 14066-14067). However, other modeling efforts show a 
potential decline in freezing storm events due to warming temperatures (Flockhart et al. 2015, p. 
160). Additionally, with logging and climate change negatively impacting the oyamel 
overwintering forests, freezing events may be more likely and more severe because of the loss of 
the protective effects of an intact forest (Williams and Brower 2015, entire). When combined 
with a decreasing population size, there is a higher risk that extreme storms of magnitudes 
similar to previously documented storms would now be catastrophic. 

Widespread Drought 

Monarchs can be affected by drought at multiple points during their migratory cycle, including 
during the breeding season as both larvae and adults, and as adults nectaring along their 
migratory route (nectar can be converted to stored lipids for use while overwintering; Brower et 
al. 2015). Water availability can affect both milkweed quality and milkweed and nectar 
availability (Brower et al. 2015, Couture et al. 2015; see also Widespread Drought section under 
the Western North American discussion below). Given the expansive breeding ground, drought 
events are unlikely to affect a large enough area to evoke a population level response, and hence 
not likely to pose a catastrophic risk to the eastern breeding population. 

Eastern migratory monarchs funnel through Texas and Mexico in the fall, where it is imperative 
that they consume enough nectar to be converted to lipids and used as needed throughout their 
overwintering period (when nectar resources are scarce; Brower et al. 2015). Brower and 
colleagues (2015) found that monarchs in Texas nectaring on wildflowers during a drought had 
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lowered lipids (compared to monarchs nectaring on flowers from an irrigated garden at the same 
time). However, they also found that monarchs arriving at Mexican overwintering sites that same 
year had higher lipid reserves, suggesting that non-drought areas in Mexico may provide 
sufficient nectar even when Texas is in a drought. This area is also important in the spring, as 
monarchs funnel through this same area and rely on milkweed and nectar sources as they lay the 
first generation of the new year. Thus, monarchs in the spring could be similarly impacted by 
drought. Given the above, it is possible that drought conditions in Texas or Mexico pose a 
catastrophic risk for the eastern monarch population. 

Western North American Population 

We assessed the following events for their potential to catastrophic losses: widespread drought, 
wildfire, extreme overwintering storm events, and co-occurrence of poor environmental 
conditions and low population numbers. Of these, we determined that two—widespread drought 
and co-occurrence of poor environmental conditions and low population abundance—have 
sufficient magnitude (scope) and severity (causing population collapse) potential to pose a 
catastrophic risk to the western population. 

Widespread Drought 

Severity and intensity of drought have been suggested as a major driver of monarch populations 
in the West (Stevens and Frey 2010, p. 740). Severe drought affects both milkweed and nectar 
resources, and overwintering habitat resources. The frequency of years with precipitation “much 
below normal” in California and Nevada has increased from 1910 to current (Figure 6.6) and are 
predicted to increase with climate change (Diffenbaugh et al. 2015, p. 3934; Williams et al. 
2015, p. 6826; Cook et al. 2015, p. 6). Under climate change projections, wetter winter 
conditions and drier spring conditions will lead to greater year-to-year precipitation variability 
and an overall increase in the frequency of dry years due to fewer wet days (Pierce et al. 2018, p. 
27). Additionally, the forecasted higher maximum July temperatures and increased duration of 
heat waves (Pierce et al. 2013, entire) is likely to increase evapotranspiration (Diffenbaugh et al. 
2015, p. 3994) and drying of monarch habitats, especially along the central and southern 
California coast (Pierce et al. 2013, p. 843). 

If the tolerance threshold of milkweed and nectar resources to consecutive years of drought is 
reached, this could result in catastrophic breeding and migratory habitat degradation and loss. A 
decrease in nectar resources could result in starvation and reduced reproductive output of adults. 
Milkweed with limited water availability can have more viscous latex, which has been shown to 
negatively influence larval performance (Bell 1998, p. 133). A decrease in milkweed resources 
may leave monarchs with fewer resources on which to feed and lay their eggs, resulting in 
decreased recruitment for the population. However, the majority of milkweeds are deciduous 
perennials that have adapted to seasonal dry conditions (Borders et al. 2013, p. 7). A mild 
drought or one that was limited in extent or duration would likely reduce the availability of 
milkweed to breeding individuals, but the effects to the overall distribution of milkweeds would 
be short-term. Though a single year of drought could cause fecundity to decline sharply, only a 
drought that was severe, widespread, and sustained would be catastrophic for a population of 
monarch butterflies. The breeding ground is widespread for the western population, but large-
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scale drought could be as equally as widespread (Williams et al. 2020, entire), such that it could 
occur throughout most of the breeding grounds. Given the above, extreme drought affecting 
milkweed and nectar resources poses a catastrophic risk for the western monarch population. 
When combined with a decreasing population abundance, there is a higher risk that drought 
would be catastrophic. 

Severe drought can also cause tree loss and degradation, decreasing the availability and quality 
of overwintering roosting habitat (Pelton et al. 2016, p. 29). Many groves are dominated by one 
or a few tree species; one of the most prevalent—blue gum eucalyptus—is drought sensitive 
(Marcar et al. 1995, p. 46). Drought-stressed eucalyptus trees are vulnerable to infestation by 
insect borers, which can exacerbate tree loss in these groves (Paine and Millar 2002, p. 148). 
Eucalyptus loss and degradation reduces availability of roosting habitat, lessens wind protection, 
and eliminates the primary overwintering source of nectar at many sites. Other dominant trees, 
such as Monterey pines and Monterey cypress, are more resistant to drought, but are the primary 
species in fewer than 25% of overwintering sites. Although overwintering grounds are 
widespread, drought could be equally as widespread, such that it could occur throughout many or 
most of the overwintering sites simultaneously. Given the above, extreme drought at 
overwintering sites poses a catastrophic risk for the western monarch population. 

Figure 6.6. Extremes in the Palmer Severity Drought Index (PDSI) for the western U.S. (i.e., 
California and Nevada). Figure from the National Oceanic and Atmospheric Administration 
(NOAA 2018). 

Co-occurrence of Poor Environmental Conditions with Low Abundance 

If the large population fluctuations that were observed in the 1990s (presumably due to poor 
environmental conditions) were to occur when the population abundance is low (as it has been in 
recent years), extinction of the western North American population is likely. Given that 
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environmental variability, and thus large swings in abundance, will increase with a changing 
climate (Pierce et al. 2018, entire) and given that the population has remained at lowest ever 
abundances for the last 2 years, co-occurrence of poor environmental conditions and low 
population abundances numbers poses a catastrophic risk for the western monarch population. 

Worldwide – Future Scenarios & Catastrophic Events 

Due to a lack of information on current influences, we were unable to forecast future scenarios 
for these populations. 

We identified, however, two potential catastrophic events—both of which are climate change 
effects: sea level rise and lethal high temperatures. To forecast future changes in temperature and 
sea levels, we relied upon the Third Assessment Report developed by the International Panel on 
Climate Change (IPCC) to identify the low-lying islands that are at risk of permanent inundation 
and used the maximum elevation of those islands to develop thresholds for the risk 
classifications. To forecast changes in daily temperatures, we used downscaled General 
Circulation Model under RCP scenarios 4.5 and 8.5 obtained from the Earth System Grid 
Federation (CORDEX 2018; Cinquini 2014). Using these data, we assessed where daily 
maximum surface temperatures would exceed 42°C (a temperature threshold that leads to 
significantly reduced monarch larvae survival; Nail et al. 2015b, p. 99) by the year 2069 (see 
Appendix 2 Methods – Climate change projections for further details). 

Sea Level Rise 

Several low-lying islands in the pacific region are at risk of permanent inundation according to 
the Third Assessment Report from the IPCC (IPCC 2001). Many of these low-lying islands are 
inhabited by monarch butterflies. Additionally, many of these islands are remote and represent 
an entire population of monarchs. A mix of elevations occurs on these islands. We assumed that 
monarch populations on islands with higher elevations are at a lower risk level. However, we do 
not have any data on the population size or extent of habitat on these islands. 

Unsuitably High Temperatures 

In addition to sea level rise, temperatures are expected to increase throughout parts of the 
monarch’s range (IPCC 2001). While monarchs can tolerate a range of thermal conditions, there 
are known upper limits (Nail et al. 2015b). Therefore, we also examined future predicted 
temperatures throughout the global range of monarchs, presuming that areas exceeding these 
lethally high thermal thresholds would have catastrophic losses of monarchs. 
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Chapter 7: Results – Analysis of Future Condition 

This chapter describes the forecasted health of monarch populations over time. We first describe 
the results from our analysis of direct effects from high temperatures due to climate change. 
Next, we provide the forecasted health of the North American populations given the best and 
worst case scenarios. Lastly, we provide the results of the catastrophic events analysis for the 
worldwide populations. 

Eastern North American Population – Future Condition 

Under both best and worst case scenarios, the population continues to decline (λ < 1, Figure 7.1). 
The greatest impact on the population occurs during the first 20 years for both scenarios; lambda 
increases by 1.5% from 0.960 to 0.975 under the best case scenario and declines by -4.5% from 
0.960 to 0.917 under the worst case scenario (Figure 7.1). As expected under a declining 
trajectory, the pE increases over time (Figure 7.2). By year 60, pE ranges from 56% to 74% (see 
Appendix 3, Table 3A3 for decadal projections). 

Figure 7.1. Box plot for population growth rate (lambda, λ) under the best and worst case 
scenarios for each of the subregions of the eastern population (NC=Northcentral, NE= 
Northeast, S=South). The dashed line represents the current population growth rate (λ=0.96). 
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Figure 7.2. pE, for the eastern North American monarch population over time, given both current 
(gray band) and projected changes in state conditions (blue band). By year 60, pE ranges from 
56% to 74% under the best and worst case future scenarios, respectively. 

Direct Effects from High Temperatures & Catastrophic Events 

We were unable to incorporate direct effects from increasing temperatures and catastrophic risks 
into the population models, so we qualitatively discuss the implications of these factors on the 
future condition of the population. We evaluated the change in the spatial extent and number of 
“cell days” (i.e., raster grid cells) with projected temperatures above thermal thresholds during 
critical time periods in monarch migration (see Appendix 2 - Climate change projections for 
further details). Under the RCP 4.5 scenario, both the spatial extent and the average number of 
>38°C days (sublethal and moderate survival reductions) are projected to decrease in the 
northcentral subregion but markedly increase in the south (94% and 331%, for area and number 
of days, respectively) and northeast subregions in April and May (Figure 7.3, see Appendix 3 for 
values for all subregions). The spatial extent and average number of cell days above the lethal 
threshold (42°C) are projected to increase dramatically for the south (6,630% and 8,147%, 
respectively) during the same period (Figure 7.3). Given these results, monarch reproductive 
success and survival rates of the first generation of monarchs are likely to decline, although the 
extent of which these rates will decline is unknown. 

Similarly, given the projections of monarch health described above, the eastern population will 
be increasingly vulnerable to catastrophic losses due to both extreme storm and widespread 
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drought events. Although we cannot quantify this increased risk, the longer the eastern 
population remains unhealthy, the more likely it is that catastrophic losses will occur and the 
greater the extinction risk for the eastern population. 

Figure 7.3. The projected spatial extent and average number of cell days between April and May 
where temperatures >38˚C (top) and 42˚C (bottom) in 2012 (left) and 2069 (right) under RCP 
4.5. Colors represent number of cell days above >38˚C and 42˚C. 

Western North American Population – Future Condition 

Under both scenarios, the population continues to decline (λ < 1, Figure 7.4). Under the best case 
scenario, greatest positive effect occurs in years 21-50 when lambda slightly increases by 0.3% 
from 0.878 to 0.881; under the worst case scenario, the population is most affected during the 
first 20 years when lambda decreases -5.8% from 0.878 to 0.828. As would be expected with a 
declining growth, the pE increases over time (Figure 7.5). At year 10, pE ranges from 66 to 71% 
and reaches 99% by year 60 (see Appendix 3, Table 3A3 for decadal projections). 
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Figure 7.4. Box plot for population growth rate (lambda, λ) under the best and worst case 
scenarios for the western population. The dashed line represents the current population growth 
rate (λ=0.878). 

Figure 7.5. pE, for the western North American monarch population over time, given both 
current (gray band) and projected changes in state conditions (blue band). By year 60, pE 
reaches 99% under the best and worst case future scenarios. 
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Direct Effects from High Temperatures & Catastrophic Events 

Under the RCP 4.5 scenario, the spatial extent of the area over which the average number of 
degree days >38°C and >42°C is projected to decrease (-23% and -11%, respectively), while 
increases in the average number of days >38°C (38%) and >42°C (11%) are projected (see 
Figure 7.1 and Appendix 3, Tables 3A1-A3 for further results). Given these results, monarch 
reproductive success and survival rates are likely to decline, although the extent of which these 
rates will decline is unknown. 

Similarly, given the projections of monarch health described above, the western population is 
vulnerable to catastrophic losses due to both widespread drought events and the co-occurrence of 
poor environmental conditions and low population abundance. The risk of extinction due to these 
events increases the longer the population remains at the current low abundances. 

Worldwide Populations – Risks due to Catastrophic Events 

We qualitatively assessed the impact due to predicted climate change effects. Fifteen of the 29 
populations are classified as being “at risk” to extinction due to sea level rise or due to increasing 
temperatures (Table 7.1). 
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Table 7.1. Qualitative expression of risk due to predicted sea level rise and high temperatures. 
See definitions of terms in Table 3.2. 

ACU Population Status High Temps Sea Level Rise 

Australia, New 
Zealand, 
and Indo-Pacific 
Islands 

Australia Extant At Risk No Known Risk 
Cook Island Extant No Known Risk No Known Risk 
French Polynesia Extant No Known Risk No Known Risk 
Greater Indonesia Unknown At Risk No Known Risk 
Guam & CNMI Extant No Known Risk No Known Risk 
Johnston Atoll Extant No Known Risk At Risk 
Kiribati Extant No Known Risk At Risk 
Marquesas Islands Extant No Known Risk No Known Risk 
Marshall Islands Extant No Known Risk At Risk 
Mascarene Islands Extant No Known Risk No Known Risk 
Micronesia Extant No Known Risk No Known Risk 
Nauru Extant No Known Risk At Risk 
New Zealand Extant No Known Risk No Known Risk 
Norfolk Island Extant No Known Risk No Known Risk 
Palau Extant No Known Risk No Known Risk 
Papua New Guinea Extant At Risk No Known Risk 
Philippines Unknown At Risk No Known Risk 
Samoa Extant No Known Risk No Known Risk 
South Pacific 
Islands 

Extant No Known Risk No Known Risk 

Tokelau Unknown No Known Risk At Risk 
Tonga Extant No Known Risk No Known Risk 
Tuvalu Extant No Known Risk At Risk 
Wallis & Futuna Unknown No Known Risk No Known Risk 

Central America 
& the Caribbean 

Caribbean Extant At Risk No Known Risk 
Central America Extant At Risk No Known Risk 

Southern Florida Florida Extant At Risk No Known Risk 
Hawaii Hawaii Extant No Known Risk No Known Risk 
Iberian Peninsula Iberian Peninsula Extant At Risk No Known Risk 
South America & 
Aruba 

South America and 
Aruba 

Extant At Risk No Known Risk 

Eastern North 
America 

Eastern North 
America 

Extant See E. North American pop below 

Western North 
America 

Western North 
America 

Extant See W. North American pop below 
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Chapter 8: Synthesis – Implications for Viability 

This chapter synthesizes the results from our historical, current, and future analyses and 
discusses the consequences of the change in the number, health, and distribution of populations 
over time for the viability of the monarch. We assessed monarch viability by evaluating the 
species’ ability to withstand environmental stochasticity (resiliency), catastrophes (redundancy), 
and changes in its environment (representation). We also discuss the key uncertainties and their 
implications for the analyses. 

Viability 

Monarch viability depends upon its ability to sustain populations in the face of normal 
environmental stochasticity, catastrophes, and novel changes in its environment. The species' 
ability to do so is influenced by the health and distribution of its populations. Demographically 
and physically healthy populations are better able to withstand and recover from environmental 
variability and disturbances and are more likely to withstand and recover from events that would 
otherwise be catastrophic. Populations spread across heterogeneous conditions are unlikely to be 
exposed at the same time to poor environmental conditions, thereby guarding against 
synchronous population losses. Lastly, populations spread across the breadth of genetic and 
phenotypic diversity help to preserve species’ adaptive capacity, which is essential for adapting 
to their continuously changing environment (Nicotra et al. 2015, p. 1269). Without such 
variation, species are less responsive to change and more prone to extinction (Spielman et al. 
2004, p. 15263). Additionally, as populations with higher genetic diversity can more quickly 
adapt to novel changes, species with genetically healthy populations (large Ne, which begets 
genetic diversity) are better able to adapt (Ofori et al. 2017, p.2). 

Historically, monarchs were widely distributed across 90 countries, islands, and island groups. 
Currently, monarchs remain widespread with 27 extant populations and 4 with unknown status. 
Despite being widespread across a diversity of habitats, environmental gradients, and climates, 
we found 15 of the worldwide populations are 'at risk’ of extinction, and the populations 
comprising the core of the species—eastern and western North American populations—have 
declining growth rates and increasing extinction risks. While the North American migratory 
populations naturally fluctuate year-to-year with environmental conditions, they have declined 
over the last 20 years (Figure 8.1). These declines are due primarily to: (1) loss and degradation 
of habitat [from conversion of grasslands to agriculture, widespread use of herbicides, 
logging/thinning at overwintering sites in Mexico, senescence and incompatible management of 
overwintering sites in California, urban development, and drought]; (2) continued exposure to 
insecticides; and (3) effects of climate change. Because monarch populations fluctuate with 
environmental conditions, populations must be large and have strong population growth potential 
to withstand natural environmental variation and disturbances. Given their current low 
population sizes and declining growth rates, these populations will likely continue to decline 
without threat abatement. The magnitude or frequency (or both) of these threats, are expected to 
increase (Figures 6.1 & 6.2) further exacerbating declines (in abundance and growth rates) and 
increasing extinction risks (Figures 7.3 & 7.5). The recent steep decline of the western 
population may be a consequence of small population effects (i.e., an extinction vortex due to 
Allee effects and increased sensitivity to environmental stochasticity); in which case, 
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amelioration of threats may not be enough to stall extinction. The western population trajectory 
may portend the future for the eastern population if its declining population trend is not reversed 
(i.e., insufficient resiliency to rebound from poor years resulting in steep and rapid declines). The 
health of the North American populations is declining, rendering both less able to withstand and 
recover from poor environmental conditions and withstand stressors. Under future state 
conditions, the resiliency of these populations will continue to decline as reflected in their 
increasing pE (the probability of the population abundance reaching the point at which extinction 
is inevitable) estimates over time. 

a. b. 

Figure 8.1. Eastern (a) and western (b) North American monarch population sizes, as measured 
at overwintering sites in terms of hectares (eastern) and total number (western). The western 
population counts also has a blue line indicating survey effort (number of sites monitored). 

Moreover, the estimates of pE do not include risks from large, consequential stochastic events 
and direct effects of high temperatures due to climate change. At their current low abundances, 
these populations are more vulnerable to events that would otherwise be non-catastrophic. For 
example, had either of the two potentially catastrophic storms (where estimated mortality 
exceeded 70%) on the Mexico overwintering sites occurred during a low abundance year, the 
eastern North American population may have been extirpated. The longer these populations 
remain unhealthy (i.e., impaired growth potential and low abundance), the greater their risk to 
extinction due to stochastic events alone. Additionally, under climate change projections (both 
RCP 4.5 and RCP 8.5), the number of days with—as well as the spatial extent where monarchs 
will be exposed to—lethally high temperatures is projected to increase markedly and thus reduce 
monarch survival and reproductive rates in the affected subregions. Neither the risks from 
catastrophic events nor high temperature effects are fully captured in our pE estimates. 

The extinction of either the western or eastern North American migratory population would 
increase the risk of losing the North American migratory phenomenon, as its persistence would 
depend solely upon the continued survival of a single population. Moreover, loss of either 
population would impair the overall ability of the species to adapt in the future. Although each of 
the 8 delineated ACUs represent unique sources of adaptive diversity, and therefore individually 
contribute to the monarch’s adaptive capacity, the eastern and western ACUs are especially 
important. In addition to being genetically distinct and possessing greater allelic diversity than all 
other ACUs, monarchs in the eastern and western North American ACUs exhibit the long-
distance migratory phenotype, occupy different climates and habitat niches, and differ in 
reproductive behavior and possibly disease resistance. Further, these North American 
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populations represent the historical and current core of the species and the ancestral lineage of 
the species. Accordingly, loss of these two ACUs would reduce monarch diversity, rendering the 
species less able to adapt to novel changes in its environment now and in the future and thereby 
increasing the extinction risk of the species. The chance of both populations persisting above the 
extinction threshold over the next 10 years is 27% to 33% (under future conditions) and drops 
under 10% within 30 years. 

Much of this risk is due to the poor condition of the western population. The western North 
American population comprises approximately 30% of the area occupied by monarch butterflies 
in North America and contributes unique variation in migratory, overwintering, and reproductive 
behavior; ecology; wing morphology; and flight power. Western monarchs expand outward from 
their overwintering sites, while monarchs in the eastern population shift the range northward. 
Western overwintering monarchs may have a shorter diapause and may also differ in mating 
behavior. Western monarchs differ in their ecology from eastern monarchs in their use of 
different species of nectar and milkweed plants and different roosting tree species. Lastly, 
differences are seen in divergent wing morphology and flight power between eastern and western 
monarchs. Additionally, a recent genomics analysis indicates low levels of dispersal between 
eastern and western monarch butterflies, suggesting that they are demographically independent. 
So, although unquantifiable, the loss of the western population would reduce the monarch’s 
diversity and likely its ability to adapt to changes in its environment, thereby increasing the 
extinction risk of the North American monarchs. 

Based on this information and other analyses included in this SSA, monarch viability is declining 
and projected to continue declining over the next 60 years. 

Uncertainties 

Our analysis includes both aleatory (i.e., inherent, irreducible) and epistemic (i.e., ignorance, 
reducible) uncertainty that we address by developing a range of future scenarios, adding 
environmental stochasticity to our model, applying stochastic extinction thresholds, and making 
reasonable assumptions. These assumptions, albeit necessary, impact the results of our analyses. 
Here, we highlight the key uncertainties, our accompanying assumptions, and our assessment of 
the relative influence they impose on the results. When we say that these key assumptions impact 
the analysis of monarch viability, we mean they may directly impact estimates of the monarch’s 
(a) ability to withstand environmental stochasticity (resiliency), (b) ability to withstand 
catastrophic events (redundancy), (c) ability to adapt to novel changes in their environment 
(representation), and (d) vulnerability to extinction. 

Historical Conditions 

The historical range of monarch includes sites outside of North America, with monarchs 
documented throughout this range from the mid- to late-1800s. We know monarchs were present 
in North America prior to the 1800s, but we do not know the full extent of their range. We 
assume that monarchs that are present outside of North America have become naturalized. This 
assumption may overestimate the historical viability of monarchs worldwide. 
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Current Conditions 

The key uncertainties that impact our ability to interpret current monarch viability include: (1) 
current status and health of worldwide populations, (2) current, independent population growth 
of North American populations (the lack of links between their population numbers), (3) 
extinction thresholds for both eastern and western populations, and (4) density estimates for the 
eastern population. 

Worldwide Populations Status and Health 

There is a paucity of data on monarch occurrence over time, distribution, and habitat use. We 
assumed that all populations in which at least a single monarch has been documented since the 
year 2000 are currently extant (either known or presumed). To assume these worldwide 
populations are extant will overestimate the current representation and resiliency of monarchs 
globally and, subsequently, overestimate the viability of the species. 

Exchange of Individuals among the North American Populations 

Marking data from Morris et al. (2015, pp. 100, 102) indicate that at least some individuals 
migrate from the western United States to overwintering grounds in Mexico and that monarchs 
can return from Mexico to the western United States to breed (Brower and Pyle 2004, p. 155; 
Dingle et al. 2005, p. 498), but we do not know at what rate. We also know that some monarchs 
that migrate south through the eastern United States to overwinter in Mexico break diapause to 
breed in the Gulf region (Howard et al. 2010, p. 2) and likely supplement non-migratory 
populations that breed year-round in southern Florida (Knight and Brower 2009, p. 819). Similar 
to other models (Semmens et al. 2016, Schultz et al. 2017), our model does not include 
immigration and emigration parameters from our population models for the eastern and western 
North American populations. This assumption of lack of connectivity could underestimate the 
current resiliency of each population and thus underestimate monarch viability. This uncertainty 
and its corresponding assumption also apply for future conditions and again likely underestimate 
monarch viability into the future. 

Alternate Overwintering Strategies 

It is believed that a majority of eastern and western North American monarchs overwinter in 
reproductive diapause in Mexico and along the California and Mexican coast, respectively (see 
Individual-Level Ecology and Requirements in Chapter 2). However, there are known exceptions 
to this overwintering pattern. There are monarchs that remain or become reproductively active 
and breed throughout the winter along the Gulf Coast, the southern Atlantic Coast, and the 
southern Pacific Coast (Howard et al. 2010, p. 3; Satterfield et al. 2016, p. 346). These monarchs 
are more likely to be infected with OE (Satterfield et al. 2016, 2018, p. 347, p. 1676, 
respectively), and there is some question of whether some of the offspring of these individuals 
might emerge in diapause and continue to Mexico or California overwintering sites later in the 
season (Batalden and Oberhauser 2015, p. 223).  
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Additionally, there are other, smaller overwintering areas for the eastern and western North 
American population that exist with monarchs overwintering in diapause. For the eastern 
population, these include small colonies east of Mexico City (e.g., a site with small aggregations 
along western slopes of the Popocatépetl volcano; Calvert and Brower 1986, p. 171), and along 
the coast of North Carolina (where 94 monarchs were captured during overwintering dates over 
the course of 13 years; McCord and Davis 2010, p. 413). For the western population, these 
include several small inland California and Arizona overwintering sites (Morris et al. 2015, p. 
98; Pelton et al. 2016 p. 10). Because of the relatively small number of monarchs at these sites 
and their transient nature, we have assumed that Mexico and California annual counts represent 
the large majority of the eastern and western monarch populations, respectively. 

Density Estimates for the Eastern North American Population 

The density (# of overwintering monarchs/ha) at the overwintering grounds in Mexico is 
uncertain and fluctuates within and among years. Because monarch overwintering population 
size in Mexico is measured in hectares, the assumed density value determines the initial 
population size estimate, N(t)OW, which can influence model results. Published estimates of 
these densities range from 6.9-60.9 million monarchs per hectare (Calvert 2004, p. 125); 
Thogmartin et al. (2017a) estimated that the 95% credible interval ranges from 2.4 - 80.7 million 
monarchs per hectare. We used the median density estimate of 21.1 million (Thogmartin et al. 
2017a, p. 10) for our initial population size estimates, and we assumed that density, as reported 
by annual monitoring efforts, has remained consistent year to year. The chosen density greatly 
influences the probability of persistence estimates, and thus, likely monarch viability. Monarch 
viability could be over or underestimated due to our choice in density estimate. 

Extinction Threshold 

Another key uncertainty is the population size in which environmental stochasticity and Allee 
effects begin to override the population dynamics (i.e., reinforcing processes drive the population 
downward towards extinction, extinction vortex). The model samples extinction thresholds from 
a uniform distribution defined by two sources: expert elicitation for the eastern population 
(Voorhies et al., 2019, Suppl. 2) and Schultz et al. 2017 and Wells et al. 1990 for the western 
population. Therefore, we could be either overestimating or underestimating extinction risk 
under current conditions depending on the accuracy of the thresholds. This uncertainty and its 
assumptions also apply to future conditions. 

Future Conditions 

Most of our uncertainty related to monarch viability rests with our analyses of future conditions. 
These key uncertainties include (1) the future health and persistence of global populations, (2) 
the relationship between threats and population responses, (3) extinction thresholds for the 
migratory eastern and western North American populations, and (4) the correct way to account 
for the multi-generational growth of the migratory eastern North American monarch population. 
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Worldwide Populations Status and Health 

Similar to current conditions, there is a lack of monitoring or survey data necessary to predict 
future population growth trends for worldwide populations. We are unable to evaluate the impact 
of threats like habitat loss (land-use change) or pesticide use because we lack information on the 
specific locations of monarchs within these worldwide geographies. We do assume that 
monarchs will be extirpated from islands that are completely drowned due to sea level rise. In all 
other cases, we assume that monarch populations will persist into the future and this may lead to 
overestimating the viability of the species. 

The Relationship between Influences and Population Response 

Outside of milkweed and breeding, we lack direct and causal relationships between monarch 
population size and threats. We assume that our expert-elicited response curves and scenarios 
accurately represent these unknown relationships. Additionally, we assume that influences are 
additive and that their rates remain constant over time, an assumption mirrored in a retrospective 
threats analysis done by Thogmartin et al. 2017b (threats analysis). To assume influences can be 
simply added and remain constant over time (rather than including interactions or rate changes), 
likely leads to an underestimate of the vulnerability of extinction of both eastern and western 
populations. These assumptions in our eastern and western population models likely lead to an 
overestimate of monarch viability by increasing the resiliency of eastern and western 
populations. 

Furthermore, we overestimate the resiliency of eastern and western populations through our 
assumptions addressing uncertainties in climate and insecticide influences on these populations. 
For climate change, we assume that the newly available monarch habitat will be in the northern 
portion of its current breeding range and beyond and that the migration success rates will be 
unchanged. We assume that they will be able to take advantage of this habitat and successfully 
migrate, and we also assume that the large scale modeled niche is indicative of suitable 
microclimate for monarchs. For insecticide use, we lack information on changes to effectiveness 
of insecticides or societal pressure to reduce insecticide use. Therefore, we assume very little 
change in the influence of insecticides on monarch populations into the future. 

Extinction Thresholds 

Just as in current conditions, the extinction thresholds for both eastern and western populations 
are a source of uncertainty. This uncertainty follows the same discussion and rationale as 
described in the current conditions section. Therefore, we could be either overestimating or 
underestimating extinction risk under future conditions depending on the accuracy of our expert-
informed thresholds. The uncertainty of extinction thresholds will impact our estimate of 
monarch resiliency and possibly overestimate or underestimate the viability of the monarch as a 
species. 

78 



 

 

     

        
             

            
           
        

          
          

          
             

            
        

          
            

          
          

         
 

  

Multi-Generational Growth of the Eastern Monarch Population 

Published models of monarch population growth vary in accounting for the multi-generational 
migration and growth of the eastern monarch population. Some only estimate growth of the 
overwintering population (Semmens et al. 2016) while others model the growth of subregions 
within the eastern monarch population (Flockhart et al. 2015, Oberhauser et al. 2017a). Here we 
assume that modeling population growth at the sub-regional level (Northcentral, Northeast, and 
South regions) is appropriate (as done in Oberhauser et al. 2017a and published in Voorhies et al. 
2019). Experts who participated in our expert elicitation provided estimates of the relative 
importance of each of these regions to the Mexico overwintering population used in our 
modeling. This assumption leads to redundancy in influences (both negative and positive) in the 
different subregions. This in turn, can lead to either an under- or overestimation of the 
vulnerability to extinction of the eastern population. This redundancy occurs because the 
population can respond differently to these influences in different regions (because of differing 
population response curves). As an example, if one region is critically impacted by a negative 
influence, there are still other regions to contribute to the overall population size. Furthermore, 
because the eastern monarch population is such a large component of the monarch species, the 
robustness of this population could lead to over- or underestimating the viability of monarch 
butterfly. 
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Appendices 

Appendix 1: Taxonomy 

Appendix 2: Methods 

1. Updates to Voorhies et al. 2019 model 
2. Inputs to model 
3. Other threats and catastrophic events considered 
4. Future scenarios 
5. Climate change projections 

Appendix 3: Additional results 

1. Percent change in area and average number of days above 38°C and 42°C 
2. Projected area and average number of days >38˚C and 42°C under RCP 8.5 
3. pE over time under current and future scenarios 

Appendix 1. Taxonomy 

At the time that the monarch butterfly (Danaus plexippus plexippus) was petitioned to be listed 
under the Endangered Species Act of 1973 (Center for Biological Diversity et al. 2014), the 
petition noted that there were six recognized subspecies of Danaus plexippus (plexippus, 
megalippe, nigrippus, tobagi, portoricensis, and leucogyne; Warren et al. 2013). However, 
examination of the literature and contact with a butterfly taxonomist, suggest there are only 2 or 
3 subspecies, and that the subspecies concept for monarch butterflies is not currently rigorously 
defined. 

In 2005, Smith and colleagues published their findings on Danaus taxonomy. They classified 
Danaus plexippus as having only two subspecies: plexippus and megalippe. Danaus plexippus 
plexippus is the subspecies that resides throughout most of North America, and throughout 
islands in the Pacific Ocean. Danaus plexippus megalippe is non-migratory and resides in parts 
of the southern U.S., the Caribbean, and Central and South America. They suggest that tobagi, 
portoricensis, and leucogyne may be color variants of Danaus plexippus megalippe, rather than 
separate subspecies. However, they do not comment on Danaus plexippus nigrippus (a potential 
subspecies that is non-migratory and found in parts of South America). In communications with 
butterfly taxonomy expert, Jonathan Pelham (Curatorial Associate [Lepidoptera] at the 
University of Washington Burke Museum), he agrees with the Smith et al. (2005) findings. 

The potential third subspecies, nigrippus, was mentioned in a study where it was shown to be a 
different species than the South American-residing southern monarch (Danaus erippus; Hay-Roe 
et al. 2007). However, it is unclear whether any work has defined nigrippus as separate from 
either megalippe or plexippus subspecies. It is also uncertain whether monarchs in the northern 
and northwest portions of South America are subspecies plexippus, megalippe, or nigrippus. 

J. Pelham stated that “plexippus represents the ‘Monarch’ as we have known it, megalippe 
represents the Caribbean fraction, which is typical of many widespread Neotropical butterfly 
species and nigrippus represents the southernmost entity” (J. Pelham, pers. comm. 2017). This 
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classification depends on Danaus plexippus plexippus being migratory, and the other subspecies 
being non-migratory. However, non-migratory Danaus plexippus plexippus exist throughout the 
range (both within North America and throughout the Pacific). There are many unknowns about 
the precise borders of the monarch range, and there is even more difficulty in precisely 
determining where potential subspecies might interface. Most of scientific papers on D. 
plexippus examined do not specify subspecies, further complicating any determination of where 
potential subspecies might exist. 

Given the complexity and uncertainty of monarch subspecies, as well as the petitioners’ request 
to determine “whether any newly identified North American subspecies may warrant federal 
protection” (Center for Biological Diversity et al. 2014, p. 16), we are considering monarchs 
(Danaus plexippus plexippus) throughout the known range of the species. 
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Appendix 2. Methods 

[1] Updates to Voorhies et al. 2019 model 

Since the publication of the Voorhies et al. model, we made several changes to the model: 

1) The input values have been updated: lambda values, epsilon values, and starting population 
sizes. 

2) The time-frames for the influences are now "influence-specific." We allow each influence to 
reach its full magnitude of impact within the time-frame specific to that influence; in the 
published paper, the magnitude of change was incrementally distributed over 50 years (see 
paper methods section or p. 4). 

3) The influence of climate is modeled differently in a couple ways. [1] The effects of climate 
change continue to be incorporated via availability of milkweed. In this version, climate 
change effects are combined with milkweed over the milkweed specific time-frame (20 
years) and on its own for an additional 40 years (to reach the full duration of the climate 
change effect). [2] In this version, climate change is also combined with migration nectar 
influence in the south subregion. It is combined in the same way it is combined with 
milkweed and is used as an input to the migration nectar population response curve for the 
southern sub-region of the eastern population). 

4) Future scenarios for milkweed and nectar in breeding habitat in the eastern population now 
include subregion specific values to be fed to subregion specific population response curves. 
Previously, we had one future scenario for milkweed and nectar in the breeding range and it 
was applied to all three subregions using their subregion specific population response curves. 
Now both inputs and response curves are subregion specific). 
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[2] Inputs to model 

Table 2A1. Initial starting values for the population model. Inds= individuals 

Population Model Parameter Value Source 

Both 
Years 60 SSA Team 
Simulations 1,000,000 SSA Team 

Eastern 

Ninit 3.656 ha 5-year average 
λ -0.0408 Semmens et al. 2016* 
ε 0.721 Semmens et al. 2016* 
Extinction threshold low 0.05 ha Expert-elicited, Voorhies et al. 2019 
Extinction threshold high 0.61 ha Expert-elicited, Voorhies et al. 2019 
Density/ha 2.11E+07 inds/ha Thogmartin et al. 2017a 
Cap 36 ha SSA Team 
Regional Importance_NC 0.68 Expert-elicited, Voorhies et al. 2019 
Regional Importance_NE 0.20 Expert-elicited, Voorhies et al. 2019 
Regional Importance_S 0.12 Expert-elicited, Voorhies et al. 2019 

Western 

Ninit 168,365 inds 5-year average 
λ -0.13 Schultz et al. 2017 
ε 0.99 Schultz et al. 2017* 
Extinction threshold low 20,000 inds Schultz et al. 2017* 
Extinction threshold high 50,000 inds Wells et al. 1990 
Cap 2,400,000 inds SSA Team 

*Parameter values differ slightly from Schultz et al. 2017 and Semmens et al. 2016 because the population datasets 
have been updated with values through winter 2019-2020. 

[3] Other threats and catastrophic events considered 

In addition to the primary influences considered above, we also looked at many other factors that 
may be impacting monarchs. These included but were not limited to natural enemies 
(disease/parasitism), captive rearing, collection, impacts of tourism at overwintering sites, 
invasive swallow-wort plants, vehicle mortality, and natural catastrophes. We also considered 
other potential positive impacts, such as positive impacts of research and monitoring. 

Other Stressors 

Monarchs are impacted by a number of diseases and natural enemies. One of the most well-
known and well-studied natural enemies of monarchs, OE (a monarch parasite), impacts 
worldwide populations at different rates (see Representation section in Chapter 2; Altizer and de 
Roode 2015, p. 84), with non-migratory populations typically having higher rates of infection 
(Bartel et al. 2011. p. 348). This protozoan parasite impacts monarchs (OE’s only known host), 
leading to decreased survival and fitness in the monarch (Altizer and Oberhauser 1999, p. 85). 
While infection rates can be high, we have not seen a large and continuous increase in proportion 
of monarchs that are heavily infected over time in eastern North America (Project Monarch 
Health 2016, p. 1). Other diseases can infect monarchs, including nuclear polyhedrosis virus, but 
most reports of these are anecdotal and no reports to our knowledge indicate increasing rates of 
disease (Arnott et al. 1968). 
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In addition to disease and parasites, immature monarchs are heavily preyed upon by natural 
enemies (upwards of 90% of monarchs are killed in immature stages; Nail et al. 2015a), but there 
is not any conclusive evidence available that suggests predation rates are currently increasing. 
These immature monarch predators range from ants, tachinid fly parasitoids, and various other 
insects for eggs and larvae, and wasps (Pteromalus cassotis and Polites dominulus) for pupae 
(Oberhauser et al. 2015, p. 72). The most studied larval natural enemy, the tachinid fly 
parasitoid, does not show a significant trend in proportion of monarchs parasitized over the years 
studied (Oberhauser et al. 2017b, p. 6). Adult monarchs also have predators, many of which have 
been documented at the Mexican overwintering sites (including birds, mice, and wasps; 
Oberhauser et al. 2015, p. 72). There is thought to be an approximate bird predation rate of 9% 
(Brower and Calvert 1985, p. 864), with potentially higher rates at smaller sites (Calvert et al. 
1979, p. 850). However, these higher rates of predation have not been measured since the 
recorded decline in the eastern North American population began. 

Captive rearing of monarchs was considered, as there are potential negative impacts of this 
practice on a large scale (Altizer et al. 2015, pp. 1-3). However, the number of monarchs being 
raised in mass-rearing operations is unclear (Villareal 2015, p. 9-10), and the impacts were 
difficult to quantify; thus, we did not consider this a primary influence. There is some 
information on vehicle mortality on insects (Baxter-Gilbert et al. 2015, Keilsohn et al. 2018), and 
some research on monarch vehicle mortality specifically (McKenna et al. 2001, Mora Alvarez et 
al. 2019, Kantola et al. 2019), and while this warrants future attention, we did not feel we had 
enough information to show that this was increasing or one of the current primary drivers of 
changes in monarch populations, nor was it identified as a primary driver in our expert 
elicitation. We did not find strong evidence of tourism at overwintering sites or insect collection 
impacting monarchs at the population level; hence, we did not currently consider them as 
primary influences. This is not to say that these or other threats could not become primary 
influences going forward, and thus should continue to be evaluated in the future. 

The impact of invasive swallow-wort plants on monarchs was another influence that was 
considered. Black swallow-wort (Cynanchum louiseae) and pale swallow-wort (C. rossicum) are 
two European plants that are invasive in North America. They are in the milkweed family, but 
monarch caterpillars are unable to feed on these plants. However, there has been observed 
oviposition on these plants by adult monarchs, leading to speculation that these plants could 
serve as ecological sinks. However, the evidence for this is limited, with one study showing no 
oviposition on these species in the laboratory (DiTommaso and Losey 2003, p. 207) and another 
study showing limited oviposition in the field when common milkweed is scarce (Casagrande 
and Dacey 2007, p. 633). Given this evidence, we did not think invasive swallow-wort plants 
were a primary influence for driving the monarch decline. 

We also considered the direct impacts of herbicides to monarchs. Results of herbicide toxicity 
studies suggest that various types of herbicides may result in direct effects to lepidopterans if 
exposed at recommended field application rates for the labeled land use/cover type. However, 
the direct effects of most herbicides to monarchs are unknown, and likely to be highly variable. 
In several studies, the simulated application site was some type of conservation area where 
chemical control of invasive plants was presumed, resulting in maximum exposure of herbicide 
to lepidopteran. It is important to note that we found no studies evaluating the effects of 
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herbicides to lepidopterans at concentrations representative of exposure due to drift from an 
application site to nearby habitat (i.e., exposure concentrations at less than a labeled rate) for this 
risk assessment. While we acknowledge the potential for toxic effects of herbicides to monarchs 
under certain exposure conditions, we consider the effects of insecticides to be the primary driver 
in monarch population impacts due to pesticides (insecticides, herbicides, fungicides, 
rodenticides, etc.). See our Supplemental Materials 1b for a detailed description of the direct 
impact of herbicides on monarchs, including data, references, and supporting information. 

We also considered positive influences, such as research and monitoring (e.g., the information 
that might be gained from the national integrated monitoring strategy). While these future 
impacts are difficult to determine or quantify, we note the importance of these efforts and their 
potential future influence on monarch populations. 

Other Catastrophic Events 

Fire 

The frequency, size, and intensity of wildfire in the western U.S. has increased over time (Littel 
et al. 2009, p. 1003; Waterbury and Potter 2018, p. 43). The three largest fires in California 
history occurred in 2017 and 2018. Wildfire pose risks to both breeding and overwintering 
habitat as well as causing direct mortality of butterflies. Given the broad distribution of breeding 
habitat throughout the West, it is unlikely, however, that any single fire or series of fires would 
destroy a sufficient amount of habitat such that catastrophic losses occur. Additionally, monarchs 
are highly mobile and may be able to escape slow-moving fires and thus, direct mortality is 
unlikely. Similarly, during the winter, monarchs occupy numerous sites along broad areas of 
coastal California. Coupled with the close proximity of many of these sites to residential areas 
(where fire is more likely to be quickly contained), the likelihood of a catastrophic fire is low 
(Pelton et al. 2016, p. 28). However, if population numbers continue to decline, the impact of 
losing some portion of breeding habitat or one or two of the largest overwintering sites will 
increase the risk of extinction for the migratory population. Thus, there is insufficient 
information indicating that the magnitude and severity of fire poses a catastrophic risk to the 
western monarch population. 

Hurricanes 

Much of the coastline of the eastern U.S. has sustained impact by multiple hurricanes in recorded 
history (NOAA 2010). The states hit hardest by hurricanes are occupied by the eastern migratory 
population throughout much of the year. Hurricanes have the potential to kill some individual 
monarchs but only a hurricane in Texas or Mexico during peak migration to Mexico could have 
catastrophic effects on the eastern population. In an analysis by Ries et al. (2018, pp. 98-101), 
the authors determined that hurricanes and large masses of migrating monarchs are unlikely to 
cross paths in time and space because most major hurricanes happen in September or earlier and 
migrating monarchs funnel through Texas in October and November. Although hurricanes also 
have the potential to indirectly affect monarchs (Ries et al 2018, pp. 99-101), there is no 
evidence indicating that indirect effects (e.g., increased fall plant growth) would be catastrophic 
to the eastern migratory population. Currently, there is no evidence that major storms have 
directly killed masses of individual monarchs, and there are anecdotal accounts of monarchs 
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surviving or flying in the opposite direction of severe storms (Journey North 2008; Moskowitz et 
al. 2001, p. 488). Should the timing and duration of hurricane season change in the future, as has 
been suggested by news outlets but not supported by research (see Karloski and Evan 2016, p. 
273), migrating monarchs could be at an increased risk. Thus, there is currently insufficient 
information indicating that hurricanes pose a catastrophic risk to the eastern monarch population. 

[4] Future scenarios 

Eastern North American Population – Milkweed and nectar projections for Eastern North 
America were driven by milkweed stem changes from conservation efforts, Conservation 
Reserve Program acres, and land cover change. 

Conservation Efforts 

To calculate milkweed stem estimates, we began by establishing a baseline for the year 2014 
using a “seamless” land cover dataset developed by Rohweder and Thogmartin (2016) that 
combined data from the National Land Cover Dataset (NLCD), Cropland Data Layer (CDL), 
Topologically Integrated Geographic Encoding and Referencing, and Homeland Security 
Infrastructure Program. We used the seamless dataset to calculate the number of acres of each 
land cover type in eastern subregions. We then multiplied the acres of each land cover type by 
the corresponding milkweed stem density in stems per acre from Thogmartin et al. (2017c), 
which were derived from literature and expert input. The result was an estimate of the total 
number of milkweed stems on the landscape in the Northcentral, Northeast, and South 
subregions. We assumed milkweed density is a reliable proxy for habitat quality, including 
nectar resources. Further, we assumed that the milkweed density estimates in the upper Midwest 
can be reasonably applied to Northeast and South subregions. 

Using land cover type and acreage information in the Monarch Conservation Database (MCD), 
we calculated the current amount of habitat due to conservation efforts by adding milkweed from 
completed and implemented conservation efforts to the 2014 baseline number of milkweed. We 
calculated the number of milkweed from conservation efforts by tallying the number of acres of 
each land cover type that have been improved due to completed and implemented conservation 
efforts, and multiplying those acres by the net change in milkweed. We calculated the net change 
in milkweed by subtracting baseline milkweed stem density from the user provided data or 
“potential” milkweed density for the land cover type in question when user provided data was 
not available (Table 2A2). Milkweed density values in Table 2A2 for each land cover type are 
generally based on Thogmartin et al. (2017c; further clarified via pers. comms with Thogmartin), 
and represents the average estimate of biologically reasonable milkweed density for a given land 
cover type (derived from a combination of literature review and expert input). Potential 
milkweed density was not available for all land cover types due to discrepancies between land 
cover types used in Thogmartin et al. (2017c) and the seamless dataset (Rohweder and 
Thogmartin 2016). The estimated baseline and potential milkweed densities represent the current 
state of knowledge and can be updated when additional information becomes available. 

We then derived a level of future conservation effort, relative to the current amount of habitat 
with upper and lower bound projections of Conservation Reserve Program acreage and land 
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cover change. Our future scenarios (upper and lower bounds) included formalized, but not yet 
implemented (i.e. planned) conservation efforts submitted to the MCD. We assume the 
conservation efforts completed to-date will be maintained and continue to provide monarch 
milkweed and nectar resources for both scenarios. 

For the Northcentral subregion, we assumed implementation of the Mid-America Conservation 
Strategy, which will result in an estimated 1.3 billion additional milkweed stems by 2038 from 
monarch conservation efforts. To account for net change since 2014, we calculated the gain in 
milkweed from completed and implemented efforts in the MCD as described above and 
subtracted this figure from the 1.3 billion stem goal. The result is the remaining total number of 
additional milkweed stems needed to meet the 1.3 billion stem goal from all potential sources 
and sectors. Next, we subtracted the projected gains under the upper bound scenario from 
Conservation Reserve Program and land cover projections (see below) to calculate the number of 
additional milkweed stems specifically from non-CRP conservation efforts needed to achieve the 
1.3 billion stem goal relative to 2014 levels. For the lower bound in the Northcentral subregion, 
we assumed that additional conservation effort would occur to offset a portion of projected CRP 
losses; in this case, conservation effort equated to the same level of effort associated with the 
upper bound scenarios plus the equivalent gains that we had projected due to CRP increases 
under the upper bound scenario. In essence, the same level of habitat would be added to the 
landscape under the lower bound scenario as was assumed under the upper bound scenario 
(minus the additional benefits that were attributed to projected land cover change); however, 
additional losses would simultaneously occur due to broader CRP declines at that resulted in 
losses greater than the CRP gains under the upper bound scenario (also see Conservation Reserve 
Program). For the Northeast and South subregions, given the lack of an overarching monarch 
conservation strategy analogous the Mid-America Monarch Conservation Strategy, we simply 
calculated the change in milkweed from future formalized conservation efforts in the MCD using 
the methodology described above and similarly added the upper and lower projections CRP and 
land cover. 

Table 2A2. Baseline and potential milkweed densities for land cover types. Values from 
Thogmartin et al. 2017. 

Classification Estimated Baseline 
Milkweed Density 

Potential Density 

22 - Developed Low Intensity (NLCD) (Inside Urban 
Areas) 

1.00 50.00 

23 - Developed Med Intensity (NLCD) 0.50 25.00 
24 - Developed High Intensity (NLCD) 0.10 10.00 
26 - Developed Low Intensity (NLCD) (Outside Urban 
Areas) 

19.74 84.50 

21 - Developed Open Space (NLCD) Linear 0.00 16.31 
25 - Developed Open Space (NLCD) Core 0.00 3.09 
120 - TIGER Secondary Roads 57.15 175.00 
110 - TIGER Primary Roads and Ramps 57.15 150.00 
140 - TIGER Local Roads 57.15 100.00 
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Classification Estimated Baseline 
Milkweed Density 

Potential Density 

174 - TIGER Private Roads 3.09 3.09 
180 - All TIGER Roads (Inside Urban Areas) 0.00 0.00 
31 - Barren (NLCD) 0.00 0.00 
41 - Deciduous Forest (NLCD) 0.00 0.00 
42 - Evergreen Forest (NLCD) 0.00 0.00 
43 - Mixed Forest (NLCD) 0.00 0.00 
76 - Grassland (NLCD) 3.09 40.00 
77 - Grassland (NLCD) PADUS Protected 3.09 250.00 
100 - HSIP Transmission Line (Outside Urban Areas) 3.09 150.00 
101 - HSIP Transmission Line (Inside Urban Areas) 0.00 0.00 
200 - TIGER Rails (Outside Urban Areas) 3.09 200.00 
201 - TIGER Rails (Inside Urban Areas) 0.00 0.00 
52 - Shrubland (NLCD) 3.09 3.09 
1 - Corn LOW 0.05 4.04 
14 - Soybeans LOW 0.05 4.04 
3 - Other Crops (CDL) LOW 3.09 5.56 
4 - Other Crops (CDL) MEDIUM 5.30 7.74 
5 - Other Crops (CDL) HIGH 7.50 9.93 
6 - Fallow Idle (CDL) HIGH 3.09 4.05 
7 - Fruit Xmas Trees Vines (CDL) LOW 3.09 5.56 
8 - Fruit Xmas Trees Vines (CDL) MEDIUM 5.30 7.74 
9 - Fruit Xmas Trees Vines (CDL) HIGH 7.50 9.93 
2 - Corn LOW (Marginal) 0.05 200.00 
15 - Soybeans LOW (Marginal) 0.05 200.00 
10 - Hay Alfalfa (CDL) LOW 3.09 40.00 
78 - Pasture (NLCD) 3.09 40.00 
79 - Pasture (NLCD) PADUS Protected 3.09 126.55 
95 - Herbaceous Wetlands (NLCD) 61.37 68.16 
90 - Woody Wetlands (NLCD) 61.37 68.16 
Unclassified (Weighted average of all land cover 
types) 

7.03 28.63 

Conservation Reserve Program 

To calculate the net change in Conservation Reserve Program acres from 2014 and 2018 and 
current amount of CRP acreage, we began by requesting county-level information from the Farm 
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Service Agency (FSA) for acres of CRP conservation practices that Thogmartin et al. (2017c) 
determined to be beneficial for monarchs. We shared with an FSA economist a “non-sensitive” 
version of the seamless dataset for consistency and the economist was able to extract from their 
system and the seamless dataset a breakdown of CRP acres for conservation practices benefitting 
monarchs by land cover type in each county for 2014 and 2018. We then applied the baseline and 
potential milkweed stem density for each land cover type per Thogmartin et al. (2017c) (see 
Conservation Efforts) to calculate the total number of milkweed from CRP acres and subtracted 
2014 county totals from 2018 county totals to get the net change. We added the net change in 
CRP milkweed to milkweed from completed and implemented conservation efforts to calculate 
the current habitat due to CRP. For the milkweed and nectar future scenarios with respect to 
CRP, we assumed a 22% increase relative to 2018 CRP milkweed in the upper bound, and a 35% 
loss in the lower bound, respective to each subregion, based on USDA projections, recent trends 
in CRP acreage, and expert opinion (USDA 2020; Skip Hyberg, retired Senior Economist, pers. 
comm.). 

Land Cover Change 

We used the FORE-SCE (FOREcasting SCEnarios) land cover change model developed by the 
USGS Earth Resourses Observation Science (EROS) Center to develop future scenarios with 
respect to background changes in land cover under a range of emissions scenarios between 2010 
and 2050 (Sohl et al. 2018). Unfortunately, the land cover types used in the FORE-SCE model 
did not all match the land cover types from Rohweder and Thogmartin (2016) or Thogmartin et 
al. (2017c) despite being based largely upon the same underlying dataset (the 2011 National 
Land Cover Dataset, NLCD). We matched any mismatched land cover types used in the FORE-
SCE model with seamless dataset land cover types using overarching themes (e.g. developed, 
agriculture, grassland, wetland, etc.; Table 2A3). Additionally, there were land cover sub-types 
for which the FORE-SCE model did not predict future change but were crucial components of 
the seamless rater dataset, such as roads and rail lines. For roads and rail lines, we estimated the 
change based on mile statistics over the past decade from the U.S. Department of Transportation 
(USDOT 2020a, 2020b). Due to a lack of available data, we assumed no change in acreages of 
transmission lines. For Conservation Reserve Program, see methodology described above. For 
seamless dataset land cover types grouped into a single FORE-SCE land cover type (e.g. 
cropland), we assumed the percent change projected in the FORE-SCE model or other datasets 
applied evenly to all grouped land cover types. Projected changes in the “Mechanically 
Disturbed” and “Mining” land cover types used in the FORE-SCE model were not accounted for, 
as there is no analogous land cover type defined in the seamless dataset. While the projected 
percent change in some conservation units are significant, they generally accounted for a 
relatively small proportion of the landscape. 

Once we calculated the percent change for each land cover type using the FORE-SCE model, we 
applied that percent change to the seamless dataset using the Table 1 to calculate projected acres 
of seamless dataset land cover types and applied the milkweed stem densities per Thogmartin et 
al. (2017c) to calculate future milkweed. We assumed linear change from 2010 and 2050 and 
divided the change over the 40-year period to calculate annual change and projected acres of 
each land cover type in 2018. We subtracted the 2014 baseline milkweed from projected 
milkweed due to land cover change in 2018 to calculate the net change in milkweed due to 
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background land cover change. Under all scenarios, we project an increase in milkweed due to 
background land cover change. This projected increase in milkweed stems initially seems 
counterintuitive given that the FORE-SCE model and other sources of information (i.e., USDOT 
road mile statistics) generally predict an increase in more “developed” land cover types and a 
slight decrease in more land cover types such as grassland and shrubland. The numerical increase 
in milkweed due to land use change is largely a factor of differences in the estimated milkweed 
stem density for each land cover type. For example, certain types of roadway corridors are 
estimated to have much higher baseline milkweed stem densities than grassland or shrubland. 
While land use change appears to result in an increase in milkweed stems numerically, what is 
not factored in is the overall quality of habitat. As such, we used the projected increase in 
milkweed stems from the FORE-SCE for the upper bound scenario with respect to milkweed and 
nectar from land cover change. For the lower bound, we assumed no net change due to land 
cover change. 

Table 2A3. Groupings of land cover type from the USGS EROS FORE-SCE model and Rohweder 
and Thogmartin 2016. 

Classification (FORE-SCE Model) Classification (Rohweder and Thogmartin 2016) 
Developed Developed – Low/ Medium/High Intensity, Exurban, Open 

Space 
NA Roads – Secondary, Primary & Ramps, Small, Private, 

Inside Urban Areas 
Mechanically Disturbed National Forest, 
Other Public Lands, Disturbed Private 

NA 

Mining NA 
Barren Barren 
Deciduous Forest Deciduous Forest 
Evergreen Forest Evergreen Forest 
Mixed Forest Mixed Forest 
NA CRP - Non-wet, Wet 
Grassland Grassland, Protected Grassland 
NA Transmission Line 
NA Rails 
Shrubland Shrubland 
Cropland Corn, Soy, Other Crops, Fallow Idle, Fruit/Christmas Trees 

& Vines 
Hay/Pasture Hay Alfalfa, Pasture, Protected Pasture 
Herbaceous Wetland Herbaceous Wetland 
Woody Wetland Woody Wetland 

[5] Climate change projections 

To calculate the percent change from 2012 to 2069 in the average number of days and spatial 
extent of which temperatures are above 38˚C between April and May and 42˚C between April 
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and May of 2012 and 2069 in the continental United States, we downloaded climate projections 
from the Multivariate Adaptive Constructed Analogs (MACA) Climatology Lab (Abatzoglou 
and Brown 2012). The MACA Climatology Lab provides downscaled climate data from a 
number of Coupled Model Intercomparison Project 5 (CMIP5) climate models (Taylor 2012). 
For simplicity, we use the period between April and May in 2012 and 2069 and a threshold of 
38˚C to describe our methodology. We downloaded projected daily maximum surface 
temperature for the continental United States for the 2006-2025 and 2066-2070 timeframes, and 
to account for variation between models and uncertainty, we downloaded projections under 
Representative Concentration Pathway (RCP) scenarios 4.5 and 8.5 and averaged outputs from 5 
models. Each dataset came in the form of a NetCDF file, which consists of “stacked” raster 
datasets (Figures 2A1 and 2A2). Each approximately 4.6km x 4.6km grid cell of the dataset 
contains the daily “tasmax”, or maximum air temperature in degrees Celsius 2 meters above the 
surface of the Earth for one day (Figure 1). We used the raster package in RStudio to import the 
data as a raster brick, or a stack of the 61 rasters, with each raster representing one day between 
April 1st and May 31st (Figure 2; Hijmans 2017; RStudio Team 2015). To calculate the total 
number of cells in a raster with tasmax values above 38˚C between April 1st and May 31st, we 
reclassified each raster, assigning all cells with tasmax values 38˚C or below a value of 0, and all 
remaining cells (i.e. cells with tasmax values above 38˚C) a value of 1. The result was a stack of 
61 reclassified rasters, each containing cells with values of 0 or 1 indicating whether the tasmax 
was above 38˚C at that location. We refer to the reclassified value of each cell as a “cell day”. 
Since each individual raster represents a single day, the maximum cell day value for any given 
cell is 1. We summed the rasters together to get the total number of cell days above 38˚C 
between April 1 and May 31 (Figure 2A3). The final combined raster is the sum of all 61 
individual rasters and therefore, the maximum cell day value for any given cell in the resulting 
raster is 61, which would mean that every day between April 1st and May 31st has a tasmax 
above 38˚C at that cell location. We then plotted the final combined raster to get a map that 
indicates the number of cell days for each cell between April 1st and May 31st that had a tasmax 
of 38˚C degrees or above for a single model. 

We then averaged the number of cell days above 38˚C at each cell across 5 models to capture the 
range of projections and plotted the average combined raster (Figure 2A4). We followed this 
process for the year 2012 and 2069. From these data, we were able to calculate the change in the 
spatial extent of temperatures above 38˚C spatially by calculating the change in the percent of 
land area occupied by cells with cell day values of at least one, and tabularly by calculating the 
change in the percent of total number of cell days with tasmax values above 38˚C. 

We calculated the number of cells with at least one cell day above 38˚C by summarizing the 
raster table and summing the number of cells with tasmax values greater than one. The result was 
a binary dataset with either cells with no days with tasmax values above 38˚C or cells with one 
or more days with tasmax values above 38˚C. By dividing the number of cells with cell day 
values greater than one by the total number of cells in the raster, we calculated the change in the 
spatial extent of cell days with tasmax values above 38˚C. Using Figure 2A4 as an example, 
there are 6 cells with at least one cell day above 38˚C and thus the spatial extent of temperatures 
above 38˚C is 67% (6÷9 total cells). 
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To calculate the change in the percentage of total cell days with values above 38˚C, we first 
calculated the total number of cell days for each final combined raster by multiplying the total 
number of cells in the raster by 61, or the total number of days between April 1st and May 31st. 
Since the final combined rasters represent averaged days above 38˚C across 5 models, we 
rounded the day values to the nearest whole number to avoid having fractions of days (Figure 5). 
Next, we used the raster table to calculate the number of cell days with tasmax values above 
38˚C. Raster tables generally consist of a “value” column and a “count” column. The “value” in 
the tasmax rasters used in this analysis represents the number of days above 38˚C and the count 
is the number of cells in the dataset with that number of days above 38˚C. We multiplied each 
value by the corresponding count and summed the products to get total number of cell days 
above 38˚C. Using Figure 2A4 as an example, there are 3 cells with no days above 38˚C, 1 cell 
with 1 day above 38˚C, 4 cells with 2 cell days above 38˚C, and 1 cell with 3 days above 38˚C. 
Multiplying each value with its count (0x3, 1x1, 2x4, and 3x1) and summing gives 12 total 
number of cell days above 38˚C. The total number of cell days in the example is 27 (9 total cells 
in each raster multiplied by 3 days), and thus the percent of cell days with tasmax values of 38˚C 
is 44% (12÷27). 
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Figure 2A1. A raster dataset is composed of a 
spatially referenced grid with each grid cell 
containing data. For this analysis, the data in 
each cell represents the daily maximum air 
temperature 2 meters above the surface of the 
earth. 

Figure 2A2. A raster brick consists of stacked 
individual raster datasets. For this analysis, 
each raster represents a single day between 
April 1st and May 31st. 
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Figure 2A3. Reclassifying the raster dataset and Figure 2A4. Averaging combined model outputs 
assigning a value of "0" to all cells with tasmax to get the average number of cell days above 
value of 38˚C or lower and a value of "1" to all 38˚C. 
cells that have a tasmax value of above 38˚C. 
This resulting value is referred to in this analysis 
as a “cell day”. Summing through the days of a 
raster brick provides the total number of cell 
days above 38˚C. 

Worldwide 

We evaluated projections from downscaled General Circulation Models produced by the 
Coordinated Regional Climate Downscaling Experiment under Representative Concentration 
Pathways RCP scenarios 4.5 and 8.5 from the Earth System Grid Federation to visually 
determine if the spatial extent and number of days above the lethal threshold (42˚C) is projected 
to increase (CORDEX 2018; Cinquini 2014). Where possible, we used bias-adjusted outputs 
averaged across at least one iteration of each model available to account for variation across 
models and scenarios. To capture the warmest period for each population, we focused on the July 
and August timeframe in the northern hemisphere and January and February for Australia and 
Central America and April and May for Southeast Asia in the southern hemisphere. For Australia 
and Central America, we were able to average the results over three models; however, 
downscaled data was only available for scenario RCP 8.5. For the populations in Southeast Asia, 
we averaged over three models, but only one model output was available for RCP 4.5. We 
obtained five downscaled and bias-corrected datasets for both RCP 4.5 and 8.5 scenarios for 
Europe. We also obtained global climate projections from General Circulation Models developed 
under the Climate Model Intercomparison Project 5 (CMIP5) so we could evaluate projections 
for all populations more consistently (Taylor 2012). We note that because a population is in the 
“No Known Risk” risk category does not necessarily mean it has no risk overall (it could be at 
risk due to one of the influences we were unable to evaluate); rather, it is at no known risk for the 
two influences that were evaluated. 

We acknowledge the World Climate Research Programme’s Working Group on Coupled Modelling, which is 
responsible for CMIP, and we thank the climate modeling groups (Met Office Hadley Centre, Max Planck Institute 
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for Meteorology, Norwegian climate Centre, Centre National de Recherches Meteorologiques / Centre Europeen de 
Recherche et Formation Avancees en Calcul Scientifique, European EC-EARTH Consortium, Institut Pierre-Simon 
Laplace, Canadian Centre for Climate Modelling and Analysis, Centro Euro-Mediterraneo per I Cambiamenti 
Climatici, Atmosphere and Ocean Research Institute (The University of Tokyo), National Institute for Environmental 
Studies, and Japan Agency for Marine-Earth Science and Technology, National Center for Atmospheric Research) 
for producing and making available their model output. For CMIP the U.S. Department of Energy’s Program for 
Climate Model Diagnosis and Intercomparison provides coordinating support and led development of software 
infrastructure in partnership with the Global Organization for Earth System Science Portals. 
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Appendix 3. Additional Results 

[1] Percent change in area and average number of days above 38°C and 42°C 

Table 3A1. Projected 2012 (May and April) baseline total number of 4.6km x 4.6km grid cells 
and average number of cells with at least one day above 38˚C and 42˚C under RCP 4.5 and 8.5. 

Population 
Unit 

Total 
Number of 

4.6km2 

Raster Cells 

Average Number of Cells w/at Least 1 Day 
>38˚C Under 
RCP 4.5 
(Apr-May 
2012) 

>38˚C Under 
RCP 8.5 
(Apr-May 
2012) 

>42˚C Under 
RCP 4.5 
(Apr-May 
2012) 

>42˚C Under 
RCP 8.5 
(Apr-May 
2012) 

Eastern 
Northcentral 134,563 3,845 0 67 0 
Northeast 23,445 0 0 0 0 
South 147,796 32,573 35,446 100 2,777 

West 161,501 29,085 24,983 10,452 7,403 

Table 3A2. Percent change in the area and average cell days above 38° C for each conservation 
unit under RCP 4.5 and 8.5 from April and May of 2012 to 2069. 

Population Unit 
% Change in 
Area RCP 4.5 

% Change in 
Area RCP 8.5 

% Change in Cell 
Days RCP 4.5 

% Change in Cell 
Days RCP 8.5 

Eastern 
Northcentral -99 1,008,000 -99 1,008,800 
Northeast 28,400 16,900 28,400 16,900 
South 94 200 331 438 

Western -23 109 38 114 

Table 3A3. Percent change in the area and average cell days above 42° C for each conservation 
unit under RCP 4.5 and 8.5 from April and May of 2012 to April and May of 2069. 

Population Unit 
% Change in 
Area RCP 4.5 

% Change in 
Area RCP 8.5 

% Change in Cell 
Days RCP 4.5 

% Change in Cell 
Days RCP 8.5 

Eastern 
Northcentral -99 30,000 -99 30,000 
Northeast 0 0 0 0 
South 6,630 1,637 8,147 3,575 

Western -11 148 11 182 
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[2] Projected area and average number of days >38˚C and 42°C under RCP 8.5 

Figure 3A1. The spatial extent and average number of days >38˚C (top) and 42°C (bottom) in 
April and May 2012 (left) and 2069 (right) under RCP 8.5. 
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[3] pE over time under current and future state conditions 

Table 3A4. pE values for the western and eastern North American populations. pE predictions 
under current state conditions represent the 50% confidence interval. 

10 Year 20 Year 30 Year 40 Year 50 Year 60 Year 
Western Pop 

Current - 25% 0.60 0.80 0.90 0.95 0.97 0.99 
Current - 75% 0.68 0.85 0.93 0.97 0.98 0.99 

Future - Worst case 0.71 0.88 0.95 0.97 0.99 0.99 
Future - Best case 0.66 0.84 0.92 0.96 0.98 0.99 

Eastern Pop 
Current - 25% 0.02 0.09 0.18 0.29 0.39 0.48 
Current - 75% 0.08 0.22 0.36 0.49 0.60 0.69 

Future - Worst case 0.09 0.29 0.46 0.58 0.67 0.75 
Future - Best case 0.04 0.13 0.24 0.35 0.46 0.56 

p(both pops persist) 
Current - 25% 0.39 0.18 0.08 0.04 0.02 0.01 
Current - 75% 0.29 0.12 0.04 0.02 0.01 0.00 

Future - Worst case 0.27 0.08 0.03 0.01 0.00 0.00 
Future - Best case 0.33 0.14 0.06 0.02 0.01 0.00 
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Supplemental Materials 1a for the Monarch (Danaus plexippus plexippus) Species Status 
Assessment Report, Revised July 2020 

U.S. Fish and Wildlife Service: Sarah Warner, Nancy Golden, Dave Warburton, Lisa Williams 

The Risk of Insecticides to the Monarch Butterfly 

The risk of insecticide impacts to monarchs is primarily influenced by the extent to which 
monarchs are exposed to insecticides throughout their range. This assessment presents an 
overview of: (1) the use of insecticides within monarch habitat, (2) pathways of monarch 
exposure to insecticides, (3) toxicity of insecticides to monarchs, and (4) a summary evaluation 
of insecticide risk. Factors influencing insecticide exposure and the uncertainties inherent in 
these factors are also presented to guide future research/monitoring and monarch conservation 
strategies. 

Insecticides in Monarch Habitat 

The monarch butterfly is widely distributed across the United States, occurring in a variety of 
urban and rural habitat types that include milkweed plants and other flowering forbs. Monarch 
habitat includes gardens and yards, urban parks, farmlands and other agricultural production 
areas, rights of way, and protected natural areas. Though pesticide use is most often associated 
with agricultural production, any habitat where monarchs are found may be subject to insecticide 
use or exposure. Insecticides can be used for insect pest control anywhere there is a pest outbreak 
or for general pest prevention. Homeowners may treat yards and gardens to protect plants from 
pests or purchase plants from nurseries that sell insecticide-treated plants (often from the 
neonicotinoid class of pesticides) as ornamentals. Natural areas, such as forests and parks, may 
be treated to control for insects that defoliate, bore into wood, or otherwise damage trees. 
Outbreaks of pests such as gypsy moths, Mormon crickets, or grasshoppers may trigger 
insecticide treatments over larger areas to control populations. Use of insecticides in vector 
control, especially pyrethroids and organophosphates, may be significant in areas of the country 
where mosquitoes pose a public health threat or reach nuisance levels. 

Expenditures on insecticides in 2012 topped $5 billion in the United States, with 60 million 
pounds being used for agriculture (57%), home and garden (23%), and in the 
industrial/commercial/governmental sector (20%; EPA 2017). Chemical classes of the most 
commonly used insecticides during the time of the report (2008 - 2012) were organophosphates 
and carbamates, and pyrethroids (EPA 2017). In addition, neonicotinoid insecticides (a class of 
insecticides first registered in the 1990s) accounted for 80% of global seed treatment sales by 
2008 (Jeschke et al. 2011). Treated seeds are used for nearly all of the corn and soybean crop 
acreage in the U.S. (Douglas and Tooker 2015), and neonicotinoid-treated plants are commonly 
sold as ornamentals for yards and gardens. 

Given this extent of insecticide use over the wide distribution of monarch habitat across a variety 
of land use sectors, there is significant potential for monarchs to be exposed to insecticides in the 
United States. 



  

  
 
   

   

 

 
 

 

 

Monarch Insecticide Exposure Pathways 

Insecticide exposure pathways to both adults and larvae of the monarch include: (1) dietary 
exposure (ingestion of an insecticide on or within plant tissue that the monarch is feeding upon), 
and/or (2) contact exposure (direct contact with airborne insecticides that land on the monarch or 
are deposited on plants that the monarch comes in contact with). Figure 1 illustrates these 
potential insecticide exposure pathways to each life stage of the monarch. While the monarch 
may be exposed to insecticides throughout all life stages, this evaluation is limited to larval and 
adult stages, as these are considered to be the most significant from a biological perspective, and 
the most likely in actual environmental settings. Further, there are insufficient data to evaluate 
exposure and effects to the other life stages beyond a conceptual analysis. Due to overlapping 
generations of monarchs through the spring-fall months, both larvae and adults may be exposed 
to insecticides in any given geographic location the species may occur outside of its 
overwintering areas. 



  

 

 

 

  
 

 
 

   
 

    
 

 
  

   

larvae (caterpillars) feed 
exclusively on milkweed plants; 
they may be exposed via dietary 
pathways to insecticides within 
plant tissues or adsorbed to 
plant surfaces. l arvae may also 
be dermally exposed to 
airborne insecticides or 
insecticide residue on plants. 

Potential effects: survival and 
growth 

Larva 
9-18 days 

Eggs may be exposed to airborne 
insecticides; emerging larvae also 

initiallyfeed on their egg shell. The J 
potential chemical transfer and 
effects to developing or emerging 
larvae is unknown. 

Egg 
2-5 days 

Immature monarch images from USFWS and development times 
calculated from Zalucki ( 1982) based on temperatures ranging 

from 22°-32°C. Adultlife span based on Herman and Tatar (2001). 

l 

Chrysalis 
6-14 days 

Adult 
2-5 weeks 

(summer) 

6-9 months 
(winter) 

The chrysalis (pupa) may 
be exposed to airborne 
insecticides. The potential 
chemical transfer and 
effects to the developing 
adults is unknown. 

Adults (spring-fall) may be 
exposed to insecticides via 
dietary ( nectar) or dermal 
(airborne) pathways. 
Overwintering adults (winter) 
may also be exposed to 
insecticides via dietary 
pathways or insecticides in 
water/dew. 

Potential effects: survival and 
reproduction 

Figure 1. Insecticide exposure pathways to monarch life stages. 

Figure produced by Kelly Nail and Dave Warburton, USFWS. 

Insecticides can move through the environment and expose monarchs by the following routes: 

1) Direct Spray:  Monarchs that inhabit the same area as insect pests are susceptible to 
insecticide exposure (through either dietary or contact pathways) via direct spray of 
insecticides. One significant scenario for this occurrence is in areas subject to mosquito 
control with pyrethroid and organophosphate insecticides (used as mosquito adulticides). 

2) Pesticide Drift: Monarchs may be exposed to pesticides via dietary or contact pathways 
in any area adjacent to a treatment location where the pesticide leaves the site of 
application (“drifts”) via droplets, vapor, or dust. Whether a pesticide will drift, and how 
far from the treatment area that drift occurs, are influenced by numerous factors including 
method of application, height of spraying equipment, wind speed, weather conditions, 
nozzle size, terrain, and the use of best management practices by applicators to control 
for these factors and limit drift occurrences. 

3) Systemic: Monarchs may be exposed via dietary pathways to insecticides that become 



 
 

  

 
  

 
  

 
 

  
 

   
 

 
  

  
  

 
 

  
 

    
 

  

 

  
  

 

 
 

 

    
 

 

 
 

incorporated into plant tissues (e.g., leaves, pollen, nectar). Although numerous 
insecticides may be systemic to some degree, neonicotinoids in particular are known for 
this characteristic, and are expressed throughout the plant including nectar and pollen of 
treated crops and plants (Goulson 2013). 

The degree to which an insecticide persists and moves through the environment can influence its 
availability, and thus exposure to monarchs. Pesticides can differ widely in these characteristics, 
even within the same class of chemicals; those which persist longer or are more mobile can result 
in greater exposure to monarchs. 

For example, chemical characteristics of many neonicotinoids include high water solubility and 
relatively long persistence in the environment. These characteristics contribute to the propensity 
of neonicotinoid insecticides to transport long distances beyond use areas. Neonicotinoids have 
been found in well-water (Starner and Goh 2012, Huseth and Groves 2014), and can also drift 
off-site when incorporated into pollen (Bonmatin et al. 2015), suggesting far-reaching effects and 
potential landscape-scale mobility. When used as seed treatments, over 90% of the active 
ingredient can enter the soil and remain available (reported half-lives range from 200 to over 
1000 days, Goulsen 2013).  During seed sowing, less than 2% is lost in dust-off; more can be lost 
and deposited in the field margin areas if talcum powder or graphite is added to the seeds 
(Krupke et al. 2012). 

For a monarch to be exposed to an insecticide through its diet, residues must be deposited on or 
incorporated within the dietary item associated with the relevant life stage, specifically milkweed 
leaves for larvae and nectar from flowers for adults. How the plant metabolizes or stores 
insecticides in its tissues and how it is expressed in leaves or nectar can influence exposure 
potential and the degree of risk to monarchs and needs to be studied. While insecticide residues 
have been documented in both of these media, few studies exist to help estimate concentrations 
(i.e., the magnitude of exposure) in the variety of areas where monarchs may be exposed, 
including agricultural and adjacent lands, residential areas, and parks or other presumed natural 
areas. 

Exposure to pesticides in pollen and nectar 

While monarchs are not expected to feed on pollen, reports of its widespread contamination in 
crop areas illustrates the ability of flowering plants to serve as sources of exposure, at least in 
areas in and around crops. Presence in pollen is likely indicative of presence in nectar and with 
further investigation into the relative accumulation of residues, concentrations measured in 
pollen may be used to estimate concentrations in nectar. There is some evidence that residues in 
nectar may be lower than those in pollen, though factors such as application method, application 
timing, and environmental conditions are likely to affect concentrations available to monarchs 
from this source. There are few North American studies measuring concentrations occurring in 
plants following exposure based on typical or labeled application methods, and a lack of field 
sampling from active crops and non-crop areas. 

Investigations of contaminants in honeybee colonies illustrate that insecticides used in crops are 
available to pollinating insects. In a large-scale study of colonies in 23 states and one Canadian 
province, representing several agricultural cropping systems, concentrations of 98 different 
pesticides were detected in collected bee pollen (Mullin et al. 2010). Bee pollen, which 



 
  

 
 

   
 

 

 
 

 

 
 

 
 

  
   

 

    
 
 

 
  

  
  

   
  

 
 

  
 

  
  

  
  

 

 
 

aggregates pollen collected from different individuals and flowers, contained an average of 7 
pesticides per sample. Chlorpyrifos was the most frequently detected insecticide in 44% of 
samples. 

Residues of insecticides were regularly detected in pollen and nectar following two studies of 
experimental pesticide applications in field conditions, though concentrations varied. Average 
concentrations of neonicotinoids in pollen from pumpkins following various methods of 
application ranged up to 80.2 ng/g imidacloprid (plus an additional 19.1 ng/g metabolites), 88.3 
(10.3) ng/g dinotefuran, and 95.2 (26.8) ng/g thiamethoxam (Dively and Kamel 2012). 
Concentrations were lower in the second year of the study, presumably due to extreme 
environmental conditions resulting in heat and moisture stress. Neonicotinoid metabolites 
accounted for 15 - 27% of total residues across years. Residues in nectar were consistently 74 -
88% lower than pollen residues, and residues in leaves were generally higher, though only 
correlated with values in pollen and nectar for imidacloprid. At-planting applications resulted in 
the lowest concentrations, and those applications occurring closer to flowering resulted in higher 
residues. In another study, concentrations of imidacloprid or thiamethoxam in nectar and pollen 
of squash treated via soil application or drip irrigation (a subset of the application methods tested 
in the above study) resulted in similar concentrations in pollen (5-35 ng/g) and nectar (5-20 ng/g) 
regardless of application method, insecticide, or study year (Stoner and Eitzer 2012). Average 
concentrations were 14 ng/g imidacloprid and 12 ng/g thiamethoxam in pollen, and 10 ng/g 
imidacloprid and 11 ng/g thiamethoxam in nectar. Residues were similar across two study years 
despite rainfall totals in the second year about half of those in the first. Data for metabolites were 
not presented. 

In a study simulating greenhouse application, residues of imidacloprid and its metabolites 
(hydroxy and olefin), were measured in Mexican milkweed (Asclepias curassavica) flowers 
following soil applications at labeled rates for greenhouse use (Krischik et al. 2015). Whole 
flowers contained a mean of 6,030 ng/g midacloprid and 980 ng/g metabolites 21-51 days post-
application. A second soil application 7 months after the first resulted in mean concentrations of 
21,670 ng/g imidacloprid and 6,440 ng/g metabolites in whole flowers. The authors speculated 
that the higher residues from this application may be due to concentration in flowers during a 
time of slower vegetative growth. Metabolites accounted for 14% and 23% of total residues for 
each year, respectively, similar to the percentages measured in nectar and pollen described 
above. The authors acknowledge that residues in pollen and nectar may be different than residues 
in whole flowers and that the correlation needs to be scientifically determined.  

Exposure to insecticides in milkweed leaves 

Larval monarchs can be exposed to insecticides by ingesting residues that are expressed in the 
leaf tissue of milkweeds. Insecticides have been detected in milkweed leaves near agricultural 
fields in at three two studies. Variation in frequency of detection and concentration levels across 
years or seasons was common to both studies. While the two studies below measure 
concentrations in common milkweed, it is worthwhile to note that in the toxicity studies 
reviewed below, monarchs are exposed using four different species of milkweed plants. At 
present, it is not known whether the pharmacokinetics (i.e., how the plant metabolizes, stores, 
and expresses systemic insecticides in its tissues) is comparable across milkweed species and 
how this may affect the exposure and bioavailability to monarchs using these plants.    



 
  

 

  
    

   
   

 

   
 

 

 
 

   
   

 

 
 

 

    
 

 

 
  

  
 

    
 

   
    

  
   

   
  

 
  

    
  

 

 

Clothianidin was measured in common milkweed (Asclepias syriaca) leaves that were adjacent 
to fields (mean distance of 1.47 m) at eight sites in South Dakota shortly after maize planting in 
2014 using an ELISA method1 (Pecenka and Lundgren 2015). Mean clothianidin concentration 
per plant was reported as 0.58 ppb overall and 1.14 ppb in plants with detectable residues, with a 
maximum 4.02 ppb in one plant. Clothianidin was detected in about half of the samples, with 
twice the proportion having detectable residues in July (65%) compared to June (37%). 
Monitoring of plants during sampling revealed that monarchs were actively using these sites, 
with an average of 1.3 eggs and 0.6 larvae per plant in June, and 1.4 eggs and 0.3 larvae in July. 

Olaya-Arenas and Kaplan (2019) analyzed pesticides in soil and leaves of common milkweed 
(Asclepias syriaca) within 100 m of crop fields in northwest Indiana to determine if areas 
adjacent to fields provide greater exposure to monarchs. Three neonicotinoids were detected in 
leaves with variation in percent detection and concentrations by year. Clothianidin was detected 
in 15-25% of samples in June, but rarely detected in July or August. Concentrations varied 
between 2015 (0.71 ng/g mean, 56.5 ng/g maximum) and 2016 (0.48 ng/g mean, 28.5 ng/g max). 
Thiamethoxam was detected in just 2% of samples in 2015 (0.19 ng/g mean, 94.8 ng/g max), yet 
found in 75-99% in 2016 (1.87 ng/g mean, 151.3 ng/g max). Imidacloprid was only detected in 
0.2% of samples in 2015 (up to 3.7 ng/g) and was not detected in 2016. The pyrethroid 
deltamethrin was detected in 98.9% of samples in 2016 (37.0 ng/g mean, 1,352.9 ng/g max). 
Distance from the edge of a crop field or the amount of crop was generally a poor predictor of 
pesticide detection, with only thiamethoxam demonstrating this relationship. Clothianidin was 
the only insecticide detected in soil, with concentrations consistent throughout the summer and 
correlated with those in milkweed leaves. In general, higher concentrations of insecticides were 
found earlier in the season with year to year variation.  

Halsch et al. 2020 investigated insecticide exposure to milkweed plants across three land-use 
sectors that included agriculture, wildlife refuges, urban parks and gardens in northern 
California. The field study determined what pesticides are available to monarch during a one-
time sampling event in late June - when monarch larvae are likely to be present. In this field 
study, 227 leaf samples of narrowleaf milkweed (Asclepias fascicularis,161 samples), common 
milkweed (A. speciosa, 50), woolly pod milkweed (A. eriocarpa, 4) and tropical milkweed (A. 
curassavica, 12) were collected from 19 sites across the Central Valley. The sites were located in 
conventional farms, an organic farm, a milkweed restoration site, a roadside location adjacent to 
an agriculture field, five in wildlife refuges, four in urban areas, and two from retail nurseries. In 
addition to the milkweed samples that were collected in the field, milkweed plants were 
purchased from home and garden stores and leaves were analyzed for pesticides. A total of 64 
pesticides were detected across samples: 25 insecticides, 27 fungicides, 11 herbicides, and 1 
adjuvant. A greater number of pesticides were detected in plants sampled from agricultural and 
retail locations compared to samples from refuge and urban sites. Chlorantraniliprole (registered 
for use in urban areas) was detected in 91% of the samples and methoxyfenozide (registered for 

1 In reviewing the methods as described in this paper and correspondence with one of the authors who 
stated that he did not think that leaf disks were weighed, it is not clear whether the reported 
concentrations in ppb are on a ng/g basis in the leaves or a ug/L basis in the leaf extracts, so these 
concentrations should be considered to be less certain than those from other publications cited in this 
document. 



 

    
    

   
  

    
   

    
 

 

 
 

   
 

 
 

 
 

   
   

  
  

 
 

 
 

  
 

 

 
 

 
 

 

 
 

use on a variety of crops) was measured in 96% of samples. The authors compared the 
concentrations detected in milkweed leaves to honeybee and monarch toxicity levels. Sixteen 
percent (36 out of 227) of the milkweed leaves sampled had concentrations over an LD50 value 
for honeybee toxicity with exceedances from 7 of the 19 sampled sites. Three other pesticides 
(cyantraniliprole, fipronil, and methoxyfenozide) exceeded a honeybee LD50 and these were 
sampled from retail and urban sites. In 25% of the samples, chlorantraniliprole concentrations 
exceed a tested LD50 for monarchs. Clothianidin was detected above a monarch LD50 from one 
agriculture site. Authors indicate that for the vast majority of the pesticides detected in the 
milkweed leaves it is unknown what the biological effects are on monarch caterpillars. 

Effects of Insecticides to Monarchs 

Insecticides are pesticides with chemical properties that are designed to kill insects. Their main 
uses are to control insect pests in agricultural production, natural habitats, lawns and gardens, 
and in and around households and buildings. The U.S. Environmental Protection Agency 
(USEPA), under the authority of the Federal Insecticide, Fungicide, and Rodenticide Act 
(FIFRA), regulates and registers pesticides for use in the United States. To evaluate the 
environmental risk of proposed pesticide use as part of the registration process, the USEPA 
requires laboratory studies of toxicity to select non-target species. The non-native honeybee 
(Apis mellifera) is currently the primary invertebrate surrogate used in testing to evaluate risks to 
non-target terrestrial insects. If negative effects to non-target species are anticipated from the 
proposed use of a pesticide, the USEPA may choose to not approve the pesticide for registration, 
or to require restrictions on pesticide labels to help minimize anticipated impacts. However, 
under FIFRA risk management, a degree of non-target risk may be deemed acceptable if the risks 
are outweighed by the potential benefits of use of a pesticide. Therefore, risk to non-target 
species, including monarchs, cannot be ruled out simply because a pesticide has undergone the 
registration process and is used according to the label. 

Most insecticides considered herein are non-specific and broad-spectrum in nature. That is, 
insects exposed to insecticides are broadly susceptible to mortality and sublethal effects.  
Furthermore, the larvae of many insects in the Order Lepidoptera are considered major pest 
species, especially in agricultural and forested areas, and insecticides are tested specifically on 
this taxon to ensure that they will effectively kill individuals at labeled application rates. 
Therefore, it is reasonable to presume that monarchs exposed to insecticides within areas of use 
are likely to be killed or otherwise affected following an application. Monarchs exposed in areas 
outside insecticide use where drift occurs may also be affected depending on the concentration of 
the pesticide to which they are exposed. 

Scientific data documenting insecticide effects to lepidopterans are largely limited to: (1) 
laboratory dosing studies on larvae to investigate the toxicity of an insecticide with various 
endpoints measured, (2) modeling studies predicting the extent of insecticide threat to 
individuals or populations, and (3) field-based studies that investigate insecticide concentrations 
in plant tissues (as described above) and/or attempt to measure effects to populations in treated 
and untreated areas. All three types of studies have their limitations. For example, standardized 
methods of laboratory toxicity testing have not yet been adopted for lepidopteran species, 
resulting in inconsistencies in exposure regimes (e.g., duration, contact vs ingestion, life stage) 
and reporting of toxicity values (e.g., units of measurement). Lack of accepted testing protocols 



 
 

 
  

  

 
   

 
 

  

 
 

   

 
 

 
 

 
 

 
  

  
 

 
 

 

  
  

 
 

 
  

 
 

 
 

confound the ability to make comparisons across studies and species. Given such variability, this 
section presents a brief summary of select information from published literature on the effects 
and toxicity of three widely-used classes of insecticides to monarchs or other lepidopteran 
species: organophosphates, pyrethroids, and neonicotinoids. Conclusions are noted where 
possible. Other classes of insecticides and other types of pesticides can be similarly investigated. 

Organophosphates and Pyrethroids 

Information on direct toxicity of organophosphate and pyrethroid insecticides to lepidopteran 
species is available from efficacy studies on target pest species (particularly Pieris brassicae and 
related species, reviewed in Braak et al. 2018). In this assessment, we generally focus on 
toxicological effects to non-target species, with data available within the families Nymphalidae, 
Lycaenidae, Papilionidae, Hesperiidae, and Pieridae (Salvato 2001, Hoang et al. 2011, Eliazar 
and Emmel 1991, Hoang and Rand 2015, Bargar 2012a, Davis et al. 1991).  Most studies 
measured the acute toxicity of insecticides to various lepidopteran species and report median 
lethal dose values (LD50s) for dietary or contact exposure pathways. Methods varied across 
studies in relation to length of exposure, life stage, chemical form (active ingredient vs 
formulated product), and exposure regime. In general, while toxicity was exhibited across all 
species and chemicals, no consistent patterns emerged either within or across studies that 
demonstrated sensitivity was related to species (or species group), life stage, or size of adults, 
though inconsistency in testing regimes may limit the ability to detect patterns that exist.  Of the 
organophosphates tested (dichlorvos, malathion, naled, and dimethoate) species tended to exhibit 
the greatest sensitivity to naled and the least to malathion, though these results were not always 
consistent across species and methods.  For pyrethroids, toxicity values were reported for two 
insecticides, permethrin and resmethrin. However, resmethrin testing was performed in 
formulation with piperonyl butoxide, a synergist that is combined with pesticides to enhance 
toxicity and comparisons cannot be made between relative toxicity of these two insecticides.  
Based on the available data from these insecticide studies, there is no evidence to imply that a 
particular species or family of lepidopterans is expected to exhibit more or less sensitivity to a 
particular organophosphate or pyrethroid than others, including targeted pest species. 

Only two studies looked specifically at effects to monarchs within these classes of 
insecticides. Both studies found that monarchs exposed to pyrethroids at concentrations 
expected following field applications could experience mortality. Oberhauser et al. (2006) 
found that larvae that consumed milkweed leaves treated with permethrin in dilutions of field 
operable solutions (dilutions 0.5 and 0.1%) had significantly reduced rates of survival.  Of the 
60 larvae exposed to the two treatments, 37 died (33 as larvae and 4 as pupae) and larval stage 
development time was significantly delayed. Survival rates were lower for first instar larvae 
compared to later instar larvae. In the same study, effects to female oviposition choice, the 
number of eggs laid, and survival 1, 8, and 15 days after the initial spray event. Females were 
placed in enclosures that contained milkweeds exposed across three treatment groups: (1) 
milkweed plants sprayed with operational solutions of permethrin, (2) milkweed sprayed with 
operational solutions of permethrin, treated with oil solution, and untreated, and (3) milkweed 
plants that were untreated. Overall female survival was low for the two permethrin treatments 
(8-16 %) compared to 92% survival for the untreated treatment; with the lowest survival rate 1 
day after the initial spray event. In addition, the studies found that ovipositing females did not 
discriminate amongst treatment groups, but fewer eggs were laid on permethrin treated plants 



   

   
 

 
  

 
 

 
  

  
 
 

 

   
 

 
 

  

  

 
 

  
 

 
 

  
  

 

  
 

  
 

 
 

 
 
 

1 day after initial spray date compared to treated plants 8 and 15 days later. 

Oberhauser et al. (2009) exposed adult and larval monarchs to ultra-low volume (ULV) 
applications of resmethrin (as the formulated product Scourge, which contains resmethrin plus 
the synergist piperonyl butoxide) to evaluate the effects of mosquito control on monarchs. 
Three experiments examined impacts to survival in adults and larvae subject to direct spray at 
varying locations upwind and downwind, and in larvae consuming previously exposed 
milkweed. Monarch mortality varied with conditions of experimental design, but significant 
increases over controls were found at distances up to 120 m downwind from the application 
site over the three experiments. Milkweed plants sprayed one day prior to monarch exposure 
resulted in significant mortality to larvae as compared to controls. In one of three experiments, 
adult mass was negatively affected by exposure to resmethrin. One experiment exposed house 
fly (Musca domestica) and milkweed bug (Oncopeltus fasciatus) larvae to resmethrin under 
conditions that caused monarch mortality and found no effects to survival of either species. 

Neonicotinoids 

There are few published studies examining the toxicity of neonicotinoids to monarchs 
(described herein). A summation of toxicity values of neonicotinoids across taxa (insects, birds, 
fish, molluscs, mammals, annelids) found insects to be the most sensitive taxa when exposed 
via contact or the dietary/ingestion pathway with LD50s ranging from 0.82 to 88 ng per insect 
(Goulson 2013). The variation in LD50 values is attributed to size of the insect, with the most 
sensitive insect being the brown planthopper (Nilaparvata lugens; a native species) weighing 1 
mg, and the least sensitive insect being the Colorado potato beetle (Leptinotarsa decemlineata; 
a crop pest and non-native species) weighing 130 mg. 

Three studies looked specifically at neonicotinoid effects to monarchs. While reduced survival 
was detected in most treatments, results of each study were influenced by differences in 
pesticide tested, life stage, exposure regime, and experimental methods. Pecenka and Lundgren 
(2015) attempted to mimic a pulsed exposure in the field by feeding swamp milkweed leaves 
dosed with clothianidin to larvae for 36 hours during the first stadium, and then observing 
effects up to the third instar.  Each larva was fed a single 1 cm milkweed disk with an aqueous 
solution of clothianidin on agarose gel on the leaf. Once that disk was consumed, the larvae 
were then fed clean milkweed leaves until the end of the experiment in the third instar. 
Increasing mortality was observed with increasing dose, measured in µg/L (ng/g) clothianidin 
in the 10 µL of solution applied to each leaf disk: the LC10, LC20, LC50, and LC90 
concentrations were found to be 7.72, 9.89, 15.63, and 30.70 ng/g, respectively.  Significant 
effects to development time, body length, and weight for newly eclosed second instars were 
observed at doses as low as 0.5 ng/g. This study reveals effects to monarchs at seemingly low 
environmental concentrations of clothianidin; however, concentrations as reported (ug/L of 
solution per leaf disk) are not easily extrapolated to typical concentration units for a dietary 
testing exposure scenario (gram per leaf or ng/g ww of leaf). Therefore, it is difficult to make a 
direct comparison to concentrations expected to be found on milkweed leaves in the 
environment. 

Krischik et al. (2015) investigated imidacloprid rates for greenhouse/nursery use. The authors 
suggest that this particular use of the insecticide can result in higher concentrations of residues 
found in flowering plants compared to imidacloprid used as a seed treatment; therefore, it was 



  
  

 
 

  
   

 

 
 

 
 

  
 

 
 

 

 

  
   

   
     

 
  

  

 
   

     
    

   
  

  
 

  
 

  
   

selected for the study. Multiple experiments were conducted using Mexican milkweed (Asclepias 
curassavica) plants with imidacloprid applied to the soil to investigate dietary exposure 
pathways from whole flowers or plant tissues to insects. Mexican milkweed flowers grown in 
soils treated with imidacloprid at labeled rates reduced survival in 3 of 4 lady beetle species, in 
some cases as soon as two/three days after treatment. Adult monarch and painted lady butterflies 
either free-ranging or force-fed imidacloprid in solution showed no effects to survival, fecundity, 
or egg hatch at either labeled rates or twice labeled rates. However, larval survival of both 
species was reduced by day 7, with few monarchs surviving past this point. Authors 
hypothesized that adult butterflies may not metabolize the insecticide, instead excreting it 
unchanged. 

James (2019) examined the effects of nectar dosed with imidacloprid on monarch longevity and 
egg production. For the 28 day study, adult monarchs (11 males, 11 females) were consistently 
fed a sugar-water solution containing 23.5 ng/g imidacloprid, a concentration within the range 
detected in nectar of crop plants. Mortality occurred in dosed monarchs and individuals exhibited 
behavioral effects by day 12 (uncoordinated flapping of wings and uncontrolled vibrating of 
body and wings). Sample sizes throughout the study were low: At 12 days post eclosion, 4 males 
and 4 females remained in the dosed group with 4 males and 4 females in the control. At 22 days 
post eclosion, 2 individuals remained in the dosed group with 3 males and 5 females in the 
control. No effects were detected in mass, forewing length, oocyte development, and growth. 
This study tested one scenario in which adult monarchs feed on the nectar of crop plants treated 
with imidacloprid under certain conditions. It is uncertain the degree and frequency to which 
monarchs nectar on crop plants, the full range of concentrations likely to be present in treated 
plants, and if the imidacloprid concentration tested is representative of  what could be expressed 
in the nectar of native flowering plants. 

To determine the residue level in the milkweed tissue that leads to an adverse effect to monarchs, 
Barger et al. (2020) conducted three experiments that estimated the dietary exposure level of 
clothianidin associated with adverse effects in monarch butterflies. Results showed transfer of 
clothianidin from soil to milkweed plant (swamp milkweed- Asclepias incarnata), to larvae and 
to adult – this is the first study to show life-stage transfer from soil to adult. In the experiments, 
swamp milkweed plants were dosed (via soil treatments) with five concentrations, each 
experiment increasing dose levels, and larvae were exposed via dietary exposure from the time 
they hatched from eggs until pupation. Endpoints measured included larval survival and growth, 
pupation success, and adult mass. Experiment 1 consisted of concentrations that included the 
label rate for application of a clothianidin product, while Experiments 2 and 3 included only 
concentrations greater than the label application rate. In Experiment 1, clothianidin was 
measured in the milkweed leaves and detected in the larvae only at the two dose levels greater 
than the label rate, with concentrations in leaves measured at 11 ng/g (SD = 3.6) and 54 ng/g (SD 
= 27) in the two dose groups and in larvae at 6.0 ng/g (SD 3.3) and 13 ng/g (SD 3.4). Two of the 
three surviving adult butterflies from the highest dose group had detectable concentrations of 
clothianidin (3.1 and 5.2 ng/g). At the label application rate, concentrations in leaves, larvae, and 
adults were all below the detection limit and no significant effects to larval growth and survival, 
adult mass, pupal were observed. For Experiments 2 and 3, dose levels were all greater than label 
application rates for several clothianidin products. The greater dose levels resulted in detectable 
concentrations in leaves and larvae from all treatments. Experiment 3 was conducted to eliminate 
the possible effect of aphids that infested plants during Experiment 2; therefore, only the results 



   
  

   
 

   
  

    
  

  
 

  
   

 
 

   

   
    

 

    
 

 

 

 
 

 

 
  

  

  
  

 

 

 
 

    

for Experiment 3 are reported herein; however, the elevated exposure in both experiments led to 
adverse effects on survival and growth. Clothianidin was detected in the milkweed leaves at 
measurable concentrations ranging from 54 (SD = 42) to 1,545 ng/g (SD = 481), and larval 
consumption of the contaminated leaves negatively affected larval growth and adult survival. 
Larval growth was affected at 1,154 ng/g leaf and no larvae in this highest dose level reached the 
pupal stage. Larval mortality ranged from 50% in the lowest dose level (54 ng/g leaf) to 100% in 
the highest dose level, and 33-50% of the monarch butterflies died at the pupal stage in both of 
the lowest dose levels tested. Four adult monarchs successfully eclosed, three in the control and 
one in the lowest dose level. Due to the results of the three consecutive experiments, the authors 
suggest that clothianidin concentrations expected from applications that follow the label  in wild 
milkweed plants are generally not high enough to adversely affect monarch butterflies and that 
monarchs may be relatively insensitive to clothianidin at label application rates. 

Krishnan et al. 2020 conducted contact (cuticular) and dietary toxicity tests on monarch butterfly 
larvae at each life-stage for five insecticides that are registered for use as foliar applications on 
maize and soybean: a pyrethroid (beta‐cyfluthrin), an anthranilic diamide (chlorantraniliprole), 
an organophosphate (chlorpyrifos), and two neonicotinoids (imidacloprid and thiamethoxam). 
For the dietary assays, larvae were reared on insecticide-treated tropical milkweed (Asclepias 
curassavica) leaves for 48 or 24 hours. Contact and dietary LD50s differed among larval stages 
with first instars being the most sensitive followed by third and fifth instars. The LD50 
concentrations for beta‐cyfluthrin and chlorantraniliprole ranged from 9.2 to 480 ng/g larva and 
12.0 to 190 ng/g larva. respectively, and were the most toxic insecticides across all instars. 
Chlorpyrifos was the least toxic to first instars (LD50 of 79,000 ng/g larva). For the 
neonicotinoids, clothianidin was more toxic to larvae than both imidacloprid and thiamethoxam. 

Risk Evaluation 

Ecological risk assessment to evaluate potential insecticide effects to monarchs can be assessed 
by (1) comparing laboratory-derived toxicity values to environmental concentrations of 
insecticides (based on either predictive modeling or post-application sampling), and/or (2) 
studying effects to individuals exposed to insecticide applications in the field. Effects (lethal and 
sublethal) are then characterized and a determination is made as to the extent of risk. Additional 
(unknown) risk in the field can be caused from indirect effects of insecticides, such as 
susceptibility to disease or predation, and the potential for additive or even synergistic effects 
from exposure to multiple pesticides in the field. The lack of standardized toxicity testing 
andlimited monarch-specific data limit a definitive risk assessment for monarchs. Accordingly, 
available assessments generally center on other lepidopteran species, from which risk to 
monarchs can be extrapolated. 

Organophosphates and pyrethroids 

Though organophosphate and pyrethroid insecticides are used in all facets of pest control, there 
has been particular interest in performing risk assessments based on exposure scenarios from 
mosquito control applications, as lepidopterans can be exposed within the site of application (i.e., 
they occur in areas where mosquitoes are treated). In particular, the need for mosquito control in 
southern Florida has led to concerns regarding the effects on native lepidopterans. The few 
studies described below indicate that mosquito adulticide applications may pose risk to 



 
 

    

  

 
  

  
 

 

 
   

   
 

 
 

  
    

  
   

     
    

 
 

 
   

 

 

 
 

  

 
  

  
  

   

lepidopteran species, but results differed across studies, pesticide type, and species. Mosquito 
adulticide treatment differs from other treatments in that application rates tend to be lower than 
other uses, and pesticide is applied in a ULV spray designed to maximum time before deposition 
so as to encounter airborne mosquitoes. For these reasons, factors such as application rate and 
environmental transport should be considered when relating the risk assessments and field 
studies of mosquito adulticides described below to other uses of these insecticides (e.g., 
cropland, natural areas, and residential settings). 

In an assessment of the risk of naled, deposition was measured 50 minutes following a single 
pre-dawn ULV spray for mosquito control (applied as Trumpet EC at a rate of 70 g a.i./ha; 
Bargar 2012b). These results were combined with morphometric data for 22 species within 5 
families to estimate deposition onto butterflies roosting in the application area during a pre-dawn 
spray. Using lepidopteran toxicity values from the literature (described above), a 67-80% chance 
of exceeding the mortality estimate for the butterflies was predicted following such a spray. 
Assuming equivalent sensitivity, the greatest risk was estimated for butterflies within the 
Lycaenidae family, and the lowest risk for those within the Hesperiidae family; relative risk to 
butterflies within Papilionidae, Nymphalidae, and Pieridae families was considered to be 
intermediate. 

Another risk assessment examined potential effects to native Florida caterpillars from the 
mosquito control pesticides permethrin, naled, and dichlorvos (Hoang and Rand 2015). Exposure 
data for this analysis were taken from a report generated from a field monitoring program in Big 
Pine Key, Florida in 2007-08, though measured values on leaves were not presented directly in 
Hoang and Rand (2015). The joint probability analysis in the risk assessment revealed that 
permethrin concentrations on host plants had a 42% chance of exceeding the lowest observed 
adverse effects dose (LOAED) for native Florida caterpillars and a 0.02% chance of exceeding 
acute LD50 values. Probabilities of exceedance for diclorovos were 11% and 2.2% for its 
LOAED and LD50, respectively, and the probability of exceedance was 11% for the LD50 for 
naled. The authors indicated that these values may underestimate actual risk in the field as they 
are based solely on 24-hour dietary exposure and do not consider the influence of direct topical 
exposure from drift or chronic exposure from insecticide persistence on leaves. 

Two other field studies also examined native butterfly populations in areas with mosquito 
control. Population surveys in the rock pinelands of south Florida (Long Pine Key) and the 
Lower Florida Keys (Big Pine Key) were conducted in areas that receive year-round application 
of pesticides (pyrethroids and organophosphates) for mosquito control and those without such 
treatment (Salvato 2001). Adult densities of Florida leafwing (Anaea troglodyta floridalis, 
family Nymphalidae) were significantly lower in treated areas than in control areas. Population 
counts of Bartram's scrub-hairstreak (Strymon acis bartrami, family Lycaenidae) and Meske's 
skipper (Hesperia meskei, family Hesperiidae) did not appear to be reduced following pesticide 
application. In a second study, insecticide residue deposition and butterfly survival were 
monitored following a spray of naled during routine mosquito control in North Key Largo, 
Monroe County, Florida (Zhong et al. 2010). Sampling stations were set up within the spray 
zone, drift zone, and control areas (>25 miles away). Survival rates of 5th instar Miami blue 
butterfly caterpillars (Cyclargus thomasi bethunebakeri, family Lycaenidae) were 52-98% at 
sampling stations within the spray zone, and did not differ between drift and control zones. 
Naled was recorded in a remote drift zone 12 miles from the application area causing mortality to 



   
 

 

 

 
  

 
  

 

 
 

 
  

 
  

 
 

 
 

  

 
 

  
   

    
  

  
 

 
       

 
  

test mosquitoes in sampling stations, but not to butterfly larvae similarly exposed. Naled 
concentrations greater than 1000 ug/m2 were associated with dramatically reduced larvae 
survival rates, though larvae surviving to the pupal stage successfully emerged. Wind speed was 
associated with higher deposition and larval mortality. 

Neonicotinoids 

While no field studies exist to assess the population effects of neonicotinoids, modeling studies 
have attempted to relate monarch declines to this class of pesticides. Forister et al. (2016) 
investigated neonicotinoid use and butterfly declines at four sites in Northern California that 
have been monitored for four decades. The model indicated an association between declining 
butterfly numbers and increasing neonicotinoid use, suggesting that neonicotinoids could 
influence populations occurring close to application sites. Similarly, Thogmartin et al. (2017) 
analyzed multiple threats to monarchs including climate, habitat loss, disease, and insecticides in 
a time series analysis using partial least squares regression models. Glyphosate and 
neonicotinoid use in monarch breeding habitat were both correlated with the observed monarch 
population decline. Gilburn et al. (2015) modeled neonicotinoid usage on agricultural lands and 
population estimates for 17 species of butterflies in the UK from 1985 to 2012. A negative 
correlation was indicated for hectares of farmland that used neonicotinoid pesticides and 
butterfly population declines. The authors determined that more studies are needed to determine 
if there is a causative link between neonicotinoid usage and the decline of butterflies, or whether 
the negative correlation represents a proxy for other environmental factors associated with 
intensive agriculture practices. 

In an assessment broadly examining insecticides, DiBartolomeis et al. (2019) incorporated 
existing toxicity data (honeybee LD50 data for contact and oral toxicity), persistence (soil half-
life), and mass applied (estimated total pounds per acre used for foliar and seed treatments) to 
model pesticide loading (defined as acute insecticide toxicity loading, AITL) in agricultural land 
and surrounding areas. The model suggests that from 1992 to 2014, the AITL in the United 
States increased 4-fold based on contact toxicity and 48-fold based on oral toxicity. The authors 
attribute this change to an increase in pesticide loading from neonicotinoids beginning in 2004. 
Three neonicotinoids (imidacloprid, thiamethoxam, clothianidin) combined to contribute 91.8% 
of the total AITL for oral toxicity. As presented, the AITL is a measure of raw insecticide 
toxicity in the environment and does not take into account how non-target species such as 
monarchs may be exposed to these chemicals. As previously discussed, factors such as 
accumulation in exposure media (e.g., nectar, leaf, direct spray) and the location and timing of 
application can be highly influential in estimating effects to individuals and populations, and 
may differ across classes of insecticides. Environmental persistence, as measured by a 
chemical’s half life in soil, appears to be a significant driver in results, yet its relationship to 
pesticide availability to nontarget target species in unclear. As such, it is difficult to translate the 
conclusions of this assessment to potential effects to monarchs. 

In Krishnan et al. 2020, larval dose response curves generated from toxicity studies were used to 
model monarch mortality rates caused by insecticide drift exposure downwind from sprayed crop 
fields. Two scenarios were modeled: predicted spraying for (1) soybean aphid and (2) true 
armyworm - a pest of maize. The models took into account three application methods: aerial 
application, high ground boom, and low ground boom and predicted mortality rates (using both 



 
 

 
 

  
 

 
 

 
 

  
 

 
  

 
 

  
  

 

   

 
 

 
 

 

 

 

 
 

 
 

 
 

 

contact and dietary larval exposure data) between 0-60 meters from the edge of a sprayed field. 
Application rates based on the insecticide label were used in the models. Models for aerial 
applications using beta‐cyfluthrin and chlorantraniliprole for the soybean aphid management 
scenario predicted larval mortality between 100 and 32% at distances 0-60 meters downwind 
from the agriculture field based on cuticular toxicity data. Based on dietary toxicity data, 
predicted larval mortality was between 100 and 10% for modeled distances downwind from the 
agriculture field. Larval mortality for chlorpyrifos, imidacloprid, and thiamethoxam, (using 
cuticular toxicity data) was 99, 91, and 67%. For the same insecticides, larval mortality was 96, 
80, and 83% based on dietary toxicity data. Modeling for high ground boom applications 
produced similar predictions; however, lower mortality was predicted at distances 15, 30, and 60 
meters downwind compared to aerial applications in which greater larval mortality was observed 
at 0 meters downwind. Across the scenarios, the mortality rates were generally highest for the 
first instars and lowest for fifth instars. The lowest percentage of monarch mortality was 
modeled at 60 meters downwind from the crop edge.  

Summary and Conclusions 

Despite inconsistencies in testing regimes (e.g., chemical concentrations, application methods 
and exposure routes, and life stage and species tested), studies presented here and in other 
reviews (Mule et al. 2017; Braak et al. 2018) demonstrate that insecticides can have negative 
effects on lepidopteran species. The majority of the studies evaluated for the Monarch Species 
Status Assessment are laboratory toxicity tests designed to identify the insecticide concentration 
that causes mortality or adverse effects. More recent laboratory toxicity studies have attempted to 
evaluate the effects at relevant environmental concentrations. Field studies are also available that 
measure insecticide concentrations in milkweeds or monitor effects to lepidopterans within and 
outside of an application site. Finally, modeling studies weigh the risk of insecticides amongst 
other threats to monarch populations. Many of these studies concluded that insecticide use may 
potentially have negative effects to lepidopterans, including monarchs. While these studies 
provide pieces of information to evaluate the risk of insecticides to monarchs, enough data gaps 
remain for the many variables involved to prevent a comprehensive analysis of effects.  

As insecticides are generally likely to cause adverse effects to butterflies, exposure of monarchs 
(both adults and larvae) to these chemicals through diet and contact is the primary determinant of 
risk across a variety of land use sectors throughout the species’ range. Monarch exposure to 
insecticides is not readily predictable, but dependent on individual monarchs encountering 
pesticide residues on or near the individual plants they use. In addition, exposure is influenced by 
factors such as the extent and frequency of insecticide use, timing of application, application rate 
and method, proximity of monarchs to the application site, contact with residues in the air or on 
plant surfaces, availability of residues in dietary items associated with lifestage present (leaves or 
nectar), and pesticide persistence. 

The extent and manner of insecticide use itself is not regularly monitored or easily predicted in 
any given area. Insecticide use can vary both temporally and spatially, and is subject to regional 
or broad scale changes from disease and pest outbreaks, and emerging pest pressure. The toxicity 
of insecticides present on the landscape to lepidopterans may change based on the development 
and use of new insecticides, the regulation of older insecticides, the unknown effects of pesticide 



 

  
 

 

 
  

 
  

   

  

  
    

  

   

   
 

 
  

 
  

  
   

  
  

 
 

  
 

  
 

   
 

 
 

    

mixtures in the environment, and the advent of new technologies to prevent drift and reduce 
nontarget exposure. 

Despite the challenges to determine a quantifiable extent to which insecticides impact the 
monarch population, and to determine a specific cause and effect relationship of insecticide 
effects to monarchs in environmental settings across various land use sectors, the substantial 
body of information available allows for a qualitative evaluation of the risk of insecticides to 
monarchs. Based on insecticide chemical characteristics and use; and the exposure potential, 
laboratory toxicity tests, field studies, and models presented herein, insecticides are a threat to 
monarch populations. This is primarily due to insecticides being used in areas on the landscape 
where monarchs occur; the fact that insecticides are designed to kill insects (and in many cases 
specifically target lepidopteran species); insecticides are likely to cause both lethal and nonlethal 
effects to non-target lepidopterans that are exposed in areas of application (such as crops fields, 
city parks, natural areas, residential areas, and yards and gardens); and may cause both lethal and 
nonlethal effects to non-target insects that are exposed from drift by droplet, vapor, and dust in 
areas outside of application sites and from systemic incorporation into non-target plant tissues. 

Though many uncertainties (described throughout this assessment) regarding insecticide 
exposure and effects make it difficult to determine the degree or extent of risk to both individuals 
and at the population level, there are some factors that contribute to this uncertainty that are 
manageable and can be addressed through conservation actions, toxicity and exposure research 
and methodologies, and outreach/education programs. Manageable factors include: 

● General awareness of insecticide use (e.g., ornamental plants and other consumer 
products that may contain neonicotinoids), and public policy affecting insecticide 
registration and use. 

● Extent of development and adoption of best management practices for insecticide use, 
including Integrated Pest Management (e.g., establishing “acceptable levels” of pest 
pressure) and drift control measures. 

● Extent of agricultural land uses with monoculture systems that increase the potential for, 
and frequency of, insect pest outbreaks and the economic need for chemical control. 

● Societal expectations for widespread use of mosquito control insecticides. 
● Technological capability to develop chemical insect pest controls which are more 

selective for the pest species, short-lived in the environment, less mobile, etc. 
● Lack of standardized toxicity testing protocols to determine effects to the monarch and 

other non-target lepidopterans. 
● Lack of standardized methods for field studies to determine the extent of exposure to the 

monarch population and other non-target lepidopterans. 
● Field measurements of insecticide residues in select components of monarch habitat 

across a variety of land use sectors (i.e., quantified exposure). 
● Lack of studies that clearly relate laboratory trials and field studies to realistic field 

exposure and effects to monarch butterflies.  

Additional research and monitoring of aspects associated with these factors can provide the 
information necessary to reduce the uncertainties, and to determine which factors are the most 
important to manage risk. Most of these factors directly relate to insecticide exposure – 



 
 

   
 

    

 
   

 
 

 

 

   
  

 

  
 

  
 

 

 
  

 

 

  
 

managing exposure manages risk. There are several guides and references available to manage 
insecticide exposure as part of broader monarch conservation strategies, including: 

● Monarch Butterfly Conservation Report (see page 34) 
https://www.fws.gov/savethemonarch/pdfs/MonarchConferenceReport2016.pdf 

●  USFWS IPM for Lawns and Gardens 
https://www.fws.gov/pollinators/pdfs/FWS_IPM_Urban_Outreach_Final_April_26_2018 
_final_web_508.pdf 

● USFWS IPM for Farmlands 
https://www.fws.gov/pollinators/pdfs/FWS_IPM_Farmland_Outreach_Final_April_26_2 
018_web_508.pdf 
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Supplemental Materials 1b for the Monarch (Danaus plexippus plexippus) Species Status 
Assessment Report, Revised November 2019 

U.S. Fish and Wildlife Service: Sarah Warner, Nancy Golden, Dave Warburton 

The Risk of Exposure and Direct Toxicity of Herbicides to the Monarch Butterfly 

Herbicides are widely used throughout the range of the monarch, and can cause mortality and 
reduced vitality to milkweed host plants and nectar source plants. However, plants may survive 
exposure if the herbicide has no toxicity to the plant (e.g., it is selective only for certain plants) 
or if concentrations are not high enough to elicit an effect (e.g., exposure from drift). In these 
cases, monarch caterpillars may retain use of the host or forage plants, but may be directly 
exposed to herbicides through contact or diet. 

As with insecticides, the potential for direct effects of herbicides on monarchs can vary by active 
ingredient, product additives used (e.g. surfactants), exposure pathway, life history phase 
exposed, timing of application, and the amount of chemical exposed to the monarch. Herbicides 
work by interacting with the cellular structure or biochemical pathway of the target plant, and by 
causing tissue damage and plant mortality. Some herbicides are enzyme inhibitors acting on the 
enzymes that are important for plant growth and development. Although the mode of action for 
herbicides is to target specific pathways for plants, there are similarities between some plant 
enzymes that herbicides target and insect enzymes. For example, some herbicides target acetyl 
CoA carboxylase in plants, an enzyme important for plant growth but also for protein synthesis 
in insects (Lou et al. 2001, Goldring and Read 1993). Other herbicides can target glutamine 
synthetase, an enzyme critical for photorespiration in plants and ammonia detoxification and 
reassimilation in insects (Kutlesa and Caveney 2001). For the vast majority of herbicides, the 
mode of action and influence on lepidopteran biological systems remains unknown.  

We are unaware of published data testing the direct effects of herbicides to monarchs. This 
section provides an evaluation of the risks of herbicides to monarchs based on a brief summary 
of herbicide-lepidopteran toxicity studies; it does not include an exhaustive review of the 
available science. 

Herbicide concentrations in milkweed leaves 

As with insecticides, oral exposure of monarchs to herbicides is dependent on residues being 
present on or within dietary items. Olaya-Arenas and Kaplan (2019) detected herbicides in leaves 
of milkweed (A. syriaca) within 100 m of crop fields in northwest Indiana. Atrazine was the most 
frequently detected herbicide, in 80-87% of the samples and at the highest concentrations (2015: 
6.84 ng/g mean, 0.52 ng/g median, 238.7 ng/g maximum; 2016: 37.0 ng/g mean, 4.73 ng/g 
median, 1352.9 ng/g maximum), followed by s-metolachlor (in greater concentrations early in 
season) and acetochlor. 



 
 

  

 
 

 
 

 
 

  
  

  

 
  

 
 

 

    
  

  

 

 
 

  
  

 

   
 

 

  
  

 
  

 
  

  

Herbicide toxicity to lepidopterans 

Studies suggest that the active ingredients in some herbicide formulations have the potential to 
cause lethal and sublethal effects in lepidopterans under certain exposure scenarios. Schultz et al. 
(2016) tested the direct effects of graminicides fluazifop-p-butyl, sethoxydim, clethodim mixed 
with the adjuvant NuFilm on three Euphydryas species in the 2nd instar larval phase under two 
different scenarios. In the first experiment, E. colon larvae were directly exposed to the 
treatments at labeled rates for habitat types which could be treated for invasive plants, placed in 
individual rearing containers, and fed until entering diapause. Control groups received a NuFilm 
only treatment and a water only treatment. This experiment found that contact treatment with 
sethoxydim reduced survivorship of pre-diapause E. colon larvae by 20% compared to the water 
only control, while there was no observed effect to larval survival from fluazifop-p-butyl, 
clethodim, and the NuFilm treatments. In the second experiment, all three Euphydryas species 
were exposed to fluazifop-p-butyl mixed with NuFilm; hostplants were also treated, with larvae 
and host plants placed within a mesocosm study design. Survival, larval development time, and 
feeding behavior were observed. This experiment found no effects of fluazifop-p-butyl on larval 
survival or development time; however, feeding group size (number of gregarious larvae) was 
reduced by exposure to the herbicide. 

Stark et al. (2012) examined the individual effects of three formulated herbicide products 
containing triclopyr (Garlon 4 Ultra - a selective herbicide used to control woody plants and 
broad leaved plants), sethoxydim (Poast - a selective herbicide used to control grasses), and 
imazapyr (Stalker - a non-selective herbicide used to control grasses) directly applied to 1st instar 
Behr’s metalmark (Apodemia virgulti) and their food source (buckwheat) at labeled field rates. 
Larvae were then fed treated plants and allowed to develop into adults. Triclopyr, sethoxydim, 
and imazapyr products each reduced the number of pupae (and consequently the number of 
adults) produced compared to the control by 24%, 27%, and 36%, respectively. 

To investigate the most likely and worst case scenarios for herbicide exposure to lepidopterans, 
Russell and Schultz (2009) assessed the biological effects of two herbicides to the 3rd instar 
phase of the Puget blue (Icaricia icarioides blackmorei) and the cabbage white (Pieris rapae). 
The timing of the 3rd instar larval phase corresponds to when herbicides are most likely to be 
used in the field. Survival, development time, and growth were measured in the larvae after the 
exposure of two grass-specific herbicides and one surfactant (Preference) in mixtures: fluazifop-
p-butyl and surfactant, sethoxydim and surfactant, fluazifop-p-butyl and water, sethoxydim and 
water, a water control, and an untreated control. A backpack sprayer was used to administer the 
treatments to simulate ground application; maximum labeled spot spraying recommended rates 
were applied. To test most likely scenarios, larvae were placed on host plants (Lupinus 
albicaulis) and the herbicide mixtures for each treatment were directly sprayed on the plants. 
Larvae were exposed to the residues via contact and dietary exposure. To test for the worst case 
scenario, larvae and the host plants were separately sprayed with the herbicide mixtures and the 
larvae were then placed on the plant to simulate maximum direct contact and dietary exposure. 
The study found that survival was reduced for P. rapae (but not for I. i. blackmorei) when 
exposed to fluazifop-p-butyl plus surfactant (21% reduction) and sethoxydim plus surfactant 
(32% reduction) compared to the control. Development time to eclosion for I. i. blackmorei 
occurred earlier in all treatment groups compared to the controls, but this was not observed for P. 



   
  

 
  

 
 

 
 

 
 

   
 

  
 

 

 
  

 
 

 
 

   
 

 

 
  

  
  

 
  

   
   

 
 

  
 

  
 

 
 
 
  

rapae. Wing area was smaller for female P. rapae when exposed to fluazifop-p-butyl plus 
surfactant (10% reduction) and sethoxydim plus surfactant (14% reduction) compared to the 
controls. Males exhibited a 9% reduction in total wing area in the sethoxydim plus surfactant 
treatment. 

Kutlesa and Caveney (2001) found the herbicide glufosinate-ammonium (GLA), a non-selective 
post-emergence contact herbicide that competitively inhibits the enzyme glutamine synthetase, to 
cause lethality to Brazilian skippers (Calpodes ethlius) from dietary exposure from 
concentrations calculated to be similar to field application rates. 5th instar caterpillars were 
placed in petri dishes on moistened filter paper and fed leaf discs from the plant species Canna 
lily that were treated with acute doses of GLA to determine an LD50. Each caterpillar received 
one treated leaf disc and were observed until it was completely consumed (approximately 24 
hours) and then provisioned with untreated leaves until pupation or death. The LD50 for GLA 
was calculated to be slightly lower than expected residues on leaves after field application. For 
behavioral studies, caterpillars were fed leaves that had high and low concentrations of GLA and 
mass and general behaviors were recorded daily. A decline in normal activity was observed 2-3 
days after treatment with a daily dose of 5 mmol and the caterpillars stopped feeding altogether 
after 3-4 days. Multiple normal behaviors were observed to be altered and the caterpillars died 
after 6-7 days after exposure.   

Bohnenblust et al. (2013) did not detect toxic effects of dicamba via contact or dietary exposure 
to 2nd and 3rd instar larvae of the corn earworm (Helicoverpa zea) and the painted lady 
(Vanessa cardui). In contact exposure studies, larvae were placed in treatments and topically 
dosed with dimethylamine (DMA) and diglycolamine (DGA) formulation of dicamba within a 
range of the field application rate and placed in individual 50-mm petri dishes. Larvae were not 
provisioned during the toxicity studies and mortality was assessed at 4, 8, 12, 24, and 48-hour 
exposure durations. Percent mortality was equal across all treatments indicating that dose had 
little effect on survival for both species. To assess dietary exposure on the growth and 
development of H. zea and V. cardui larvae, soybean (Glycine max) and nodding plume thistle 
(Carduus nutans) were exposed to DMA formulation using a research grade automated sprayer 
at four rates that represent a range of 0.0001-0.1 of the current label rate of dicamba. After 
spraying, plants were isolated by treatment in a greenhouse. After three days, starved larvae (24 
hours with no food provisions) were placed on the treated plants (H. zea on soybean and V. 
Cardui on thistle) and monitored until pupation or death. No differences in H. zea larval survival 
were detected across treatments and there was no relationship detected between number of days 
to pupation and herbicide dose. In the tests using thistle and V. cardui larvae, reductions in larval 
and pupa mass were observed.  

LaBar and Schultz (2012) did not observe lethal or sublethal effects in a field study in which the 
habitat of the Puget blue was sprayed with sethoxydim and a non-ionic surfactant. During 
observational data collections, there was little to no observed impact on larval performance in the 
field or on oviposition for adults in the sprayed fields compared to non-treated fields. 



 
 

 

   
 

 
   

   
 

  

  
    
  

 
 

 
 

  

 
 

 
 

  
 

 
 
  

Summary: Risk of Herbicides to Monarchs 

In the herbicide toxicity studies summarized above, results suggest that various types of 
herbicides may result in direct effects to lepidopterans if exposed at recommended field 
application rates for the labeled land use/cover type. In several studies, the simulated application 
site was some type of conservation area where chemical control of invasive plants was 
presumed, resulting in maximum exposure of herbicide to lepidopteran. It is important to note 
that we found no studies evaluating the effects of herbicides to lepidopterans at concentrations 
representative of exposure due to drift from an application site to nearby habitat (i.e., exposure 
concentrations at less than a maximum labeled rate) for this risk assessment. 

For those herbicide-lepidopteran toxicity studies in which effects were observed, reductions in 
survival were generally between 20-40% of the exposed population. Effects were detected in a 
variety of herbicide types, including those that are non-selective, as well as those that are 
selective for monocots or dicots. However, results of these studies are mixed, and in a number of 
cases, no direct effects were found to lepidopterans from specific herbicides or particular 
exposure regimes. 

In summary, herbicides have been detected in milkweed plants growing in proximity to 
agricultural fields and larval monarchs can be exposed by ingesting residues that are expressed in 
plant tissues; however, the direct effects of most herbicides to monarchs are unknown and likely 
to be highly variable. The toxicological information presented above represents a small 
percentage of all herbicide products used, and does not account for the most widely used 
herbicides such as glyphosate, atrazine, metolachlor, and 2-4 D. For those herbicides in which 
direct effects were detected, we are unable to elucidate the extent or specific circumstances of 
their use within the monarch range. While we acknowledge the potential for toxic effects of 
herbicides to monarchs under certain exposure conditions, we consider the effects of insecticides 
to be the primary driver in monarch impacts due to pesticides (insecticides, herbicides, 
fungicides, rodenticides, etc.). 
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Section 1 

Pearl River Basin Federal Flood Risk Management Project, Hinds and Rankin Counties, Mississippi 

ALTERNATIVE A1: USACE NONSTRUCTURAL PLAN 

The nonstructural analysis was based on an inventory of residential and non-residential 
structures that was developed by USACE in 2023 using the National Structural Inventory 
version 2.0. An assessment of structures located in the 10 percent, 4 percent, 2 percent, and 
1% AEP floodplains was performed for the portions of the study are subject to flooding from 
the main stem of the Pearl River and backwater flooding on the tributaries (Figures 3-1a 
through 3-1d and Table 3-2). Elevation and floodproofing was considered to determine the 
effectiveness of a nonstructural alternative. For the analysis, residential structures were to 
be elevated to the 1% AEP/BFE plus one foot, up to 13 feet above the ground, and 
nonresidential structures were to be floodproofed up to 3 feet above the ground. All 
nonstructural components would be implemented on a voluntary basis in cooperation with 
the property owner. The assumption is that there would be 100 percent participation rate; 
however, for socially vulnerable areas the participation rate based on similar USACE 
projects, such as Huntington District Section 202 program is that approximately a 50 percent 
participation rate is typically realized. 

Figure I-1a. Structures inundated from a Cumulative 10% AEP Event separated by 
Headwater and Backwater Flooding 
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Pearl River Basin Federal Flood Risk Management Project, Hinds and Rankin Counties, Mississippi 

Figure I-1b. Structures Inundated from a Cumulative 4% AEP Event Separated by 
Headwater and Backwater Flooding 

Figure I-1c. Structures Inundated from a Cumulative 2% AEP Event Separated by 
Headwater and Backwater Flooding 
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Pearl River Basin Federal Flood Risk Management Project, Hinds and Rankin Counties, Mississippi 

Figure I-1d. Structures Inundated from a Cumulative 1% AEP Event Separated by 
Headwater and Backwater Flooding (Colored dots represent structures in the following AEP floodplains: 

green dots are 1% (100 year), orange dots are in the 2% (50 year), red dots are within the 4% (25 year) and 
yellow dots are within the 10% (10 year)). 

Table I-1. Noncumulative Nonstructural Benefits for Study Area for Elevating and 
Floodproofing, FY24 Price Level and Discount Rate 

(10%AEP) (4% AEP) (2% AEP) (1% AEP) 

Project First Cost 18,967,742 31,105,161 76,799,092 154,076,828 

Interest 
During Construction 64,430 105,659 260,874 523,374 

Total 
Investment Cost 19,032,173 31,210,821 77,059,967 154,600,203 

AA 
Investment Cost 704,969 1,156,077 2,854,372 5,726,534 

Benefits 
EAD Reduced 2,259,000 1,751,000 1,793,000 1,466,000 

Net Benefits 1,554,031 594,923 (1,061,372) (4,260,534) 
B/C Ratio 3.2 1.5 0.6 0.3 

Based on an incremental floodplain analysis, the 10 percent and 4 percent incremental AEP 
floodplains were both economically justified. Approximately 143 structures, 81 residential 
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Pearl River Basin Federal Flood Risk Management Project, Hinds and Rankin Counties, Mississippi 

and 62 nonresidential, are included in this cumulative 4 percent AEP floodplain. The 
cumulative results of the 4 percent AEP floodplain are displayed in Table I-2.This 
nonstructural plan is referred to as Alternative A1. 

Table I-2. Summary of Results for Alternative A1, the USACE modified Nonstructural Plan, 
FY24 Price Level and Discount Rate 

Project First Cost $50,072,903 

Interest During 
Construction $170,090 

Total Investment 
Cost $50,242,993 

AA Investment 
Cost $1,861,000 

Total AA Cost $1,861,000 
Benefits EAD 
Reduced $4,010,090 

Net Benefits $2,149,090 

B/C Ratio 2.2 

These structures have been identified to be preliminarily eligible for the nonstructural 
alternative. Due to feedback from public meetings in May and June 2023 requesting the 
option to have properties acquired, the option of nonstructural property acquisition (buyout) 
on a voluntary basis is included in the nonstructural implementation plan (Appendix K). In 
addition, 10 of the 600 structures are located within the FEMA Regulated Floodway and 
would only be eligible for demolition or relocation. Structures located within the FEMA 
Regulated Floodway, based on preliminary analysis, have relatively similar flood risk in 
comparison to structures located outside of the FEMA Regulated Floodway. 

Table I-3. Nonstructural Plan A1 Structure Type Eligibility 

Structure Type Public 

Private-
Non-
Profit 

Residential-
Non-Historic 

Residential-
Historic Nonresidential 

Property Acquisition & 
Structure Demolition x x x x x 
Property Acquisition & 
Structure Relocation x x x x x 
Structure Elevation x x x 
Structure Dry floodproofing x x 
Structure Wet floodproofing x x x 
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Pearl River Basin Federal Flood Risk Management Project, Hinds and Rankin Counties, Mississippi 

Retrofitting of Existing 
Buildings x x x 

NON-STRUCTURAL IMPLEMENTATION APPROACHES 

Property Acquisition and Structure Demolition 

Property acquisition and structure demolition consists of the acquiring the existing at-risk 
structure and, typically, the underlying land, and conversion of the land to open space 
through the demolition of the structure. The property must be deed-restricted in perpetuity to 
open space uses to restore and/or conserve the natural floodplain functions. 

Property Acquisition and Structure Relocation 

Property acquisition and structure relocation consists of the physical relocation of an existing 
structure to an area outside of a hazard-prone area and, typically, the acquisition of the 
underlying land. Relocation must conform to all applicable State and local regulations. The 
property must be deed-restricted in perpetuity to open space uses to restore and/or 
conserve the natural floodplain functions. 

Elevation 

Elevation is physically raising an existing structure to an elevation to the 1 percent AEP BFE 
based on year 2082 hydrology or higher if required by USACE or local ordinance. 
Foundations must be designed to properly address all loads and effects, be appropriately 
connected to the floor structure above, and utilities must be properly elevated. 

Dry Floodproofing 

Dry floodproofing is using techniques applied to keep non-residential structures dry by 
sealing the structure to keep floodwaters out. Dry flood proofing would be completed on 
eligible structures at or below 3 feet (0.9m) depth. 

Wet Floodproofing 

Techniques designed to permit floodwaters to enter a structure to prevent or provide 
resistance to damage from flooding. Wet Floodproofing of a structure interior is intended to 
counteract hydrostatic pressure on the walls, surface, and support systems of the structure 
by equalizing interior and exterior water levels during a flood. 

Retrofitting of Existing Buildings 

Modifications to the structural elements of a building to reduce or eliminate the risk of future 
flood damage and to protect inhabitants. The structural elements of a building that are 
essential to protect to prevent damage include foundations, load-bearing walls, beams, 
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Pearl River Basin Federal Flood Risk Management Project, Hinds and Rankin Counties, Mississippi 

columns, structural floors and roofs, and the connections between these elements. 
Retrofitting also includes modifications to the nonstructural elements of a building or facility 
to reduce or eliminate the risk of future damage and to protect inhabitants. Retrofits are 
primarily defined as modifications to the elements of a building to reduce or eliminate the risk 
of future damage. Structural retrofits are designed to protect elements such as foundations, 
load-bearing walls, beams, columns, building envelopes, windows, structural floors, roofs, 
and the connections between these elements. Nonstructural retrofitting involves the 
modification of a building or facility’s nonstructural elements and may include elevation of 
heating and ventilation systems to minimize or prevent flood damage. 
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Section 2 

Pearl River Basin Federal Flood Risk Management Project, Hinds and Rankin Counties, Mississippi 

ALTERNATIVE C: NFI CHANNEL 
IMPROVEMENT/WEIR/LEVEE PLAN PROJECT
DESCRIPTION 

Flood risk management benefits are realized by removing areas that constrict the floodplain 
by deepening the channel and floodplain. By doing this, conveyance of water downstream is 
improved through the project area.  The water surface elevation of the river would be 
lowered in some places by as much as 8 feet (2.4 m) within the project area. Normal river 
stages would be permanently elevated. Flood elevations would be reduced within the reach 
of excavation and upstream of the excavation. Alternative C (Figure I-2 and Table I-4) 
consists of the construction of channel improvements, demolition of the existing weir near 
the J. H. Fewell WTP site and construction of a new weir with a low-flow gate structure 
further downstream for water supply to be continued while simultaneously creating an area 
of surface water for recreational opportunities, Federal levee improvements (excavated 
material plan), and upgrading an existing non-Federal ring levee with slurry wall around the 
Savannah Street WWTP. 

Construction of the project would require relocations and/or improvements to various public 
and private utilities and infrastructure, (Table I-5), avoidance and minimization features 
required under the ESA, and the creation of new habitat mitigation areas to offset losses 
within the project’s construction footprint areas. 

There are 9 transmission lines within the project area. All efforts would be made to avoid, 
monitor, maintain clearance requirements, and protect these structures. If avoidance is not 
possible, then utility relocation or raising of lines/protection of structures would be 
necessary. It is estimated that 5 to 6 of these lines will require additional utility relocation 
costs. Coordination with the operating entity to determine specific requirements of each 
transmission line will be conducted during PED. 

USACE modeling of Alternative C considered a variety of upgrades to the NFI routing. 
These included calibration to the recent 2020 flood event, which had not occurred at the time 
of NFI modeling, incorporating more recent flow record data (1980s to 2022), updating all 
runs to unsteady state routing, inclusion of tributary coincident flow, and the inclusion of 
lateral structures to represent the levees (Figure I-3). Updated calibration has shown that the 
system response has changed since the 1979 event to be more efficient. as illustrated by 
the comparable events from 1983 and 2020. The two events had similar flows at Pearl River 
gage in Jackson, but the stage was reduced by approximately 2.9 ft for the 2020 event. 

Table I-5. Alternative C Project Key Features 
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Pearl River Basin Federal Flood Risk Management Project, Hinds and Rankin Counties, Mississippi 

Feature ALT C Units 

Quantity NFI 
(211 report) 

Quantity 
USACE 

NON-STRUCTURAL 

Non-structural plan acquisition structures 

STRUCTURAL 
Lake Surface Water Area 1700 2562.25 acres 

Clearing and Grubbing 2,600 2301.39 acres 
Channel Improvements Excavation 1400 1443.25 acres 

(mcy) 
Fill Area 870 858.14 acres 

(mcy) 
Stabilization or armoring for bridge abutments 10 7 bridges 
Hard Point in tributary channels to prevent incision/sediment into newly 
constructed lake 

850 Feet 
(crossing 
river) 

Newly Federalized Levee (inc. slurry wall 1.7 1.7 miles 

Slurry Wall Savanna Street WWTP 1.7 1.7 miles 

New Slurry wall for seepage of existing features n/a 1,460 ft miles 
Weir and new gate 1 1 each 

Pumps to address interior drainage Impacts 0 2 each 

Fish Passage 7000 7000 feet 
Canton Club Levee n/a n/a miles 

OPERATIONS AND MAINTENANCE 

Weir Unknown each 

Fish Passage each 

Terrestrial Habitat Mitigation events 

Riverine Habitat Mitigation events 

Lake each 
Pump Station each 
Levees each 

MITIGATION 
Sandbars (material from excavation) 31 NA acres 

Reforest top bank of fish passage ? ? acres 

Riverbank preservation 10 NA miles 

Removal of obsolete aquatic barriers 0 1 structure 

connect occupied and suitable unoccupied riverine habitat 0 NA acres 

Open historically lost riverine habitat 0 NA acres 
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Pearl River Basin Federal Flood Risk Management Project, Hinds and Rankin Counties, Mississippi 

Terrestrial Habitat Mitigation 5,000 24,760 acres 
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Figure I-2. Alternative C Key Features 
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Pearl River Basin Federal Flood Risk Management Project, Hinds and Rankin Counties, Mississippi 

Figure I-3. NFI versus USACE modeling Results for the 1% AEP (100-year) Without Project 
Routing Scenario 

Channel Improvements 

Channel improvements (Figure I-4) consist of excavating areas along the Pearl River to 
improve conveyance from RM 284 to 294.  The channel improvement footprint includes 
approximately 2,557 acres (1034.7 hectares (ha)) in which disturbance would occur. The 
excavation would be of various widths ranging from 400 to 2,000 feet (121.9-609.6 m) to be 
determined during the PED phase. Excavation depths would vary between 5-20 feet to meet 
the proposed bottom elevation of 248.0 NGVD. This total includes 1,692 acres (684.7 ha) in 
which excavation would occur to deepen the channel overbanks and 865 acres (350.0 ha) 
that would be used for placement of the excavated fill material. Approximately 20 million 
cubic yards (19.1 million m³) of material would be excavated from the floodplain and channel 
overbanks. The existing river channel would not be widened, instead excavation of the 
overbank areas would occur. 

The preliminary project layout also includes islands within the channel improvement 
excavation area that would be maintained and/or expanded upon from RM 289.5 to RM 
292.0. Further, sand bars would be constructed inside the floodplain and along the existing 
islands to compensate for the loss of sand bar habitat. 
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Pearl River Basin Federal Flood Risk Management Project, Hinds and Rankin Counties, Mississippi 

Figure I-4. Channel Improvements with a Relocated Weir 

OVERBANK MODIFICATIONS 

The existing overbank areas of the Pearl River channel would be lowered to increase 
conveyance of flood flows.  Existing levees would remain in place and would be maintained 
for flood control and to aid in haul access. The excavation limits near the existing levees 
would be determined during final design. 

The progression upstream would naturally allow for positive and continued dewatering of 
flooded areas ahead of moving into the next section. The three segments and their main 
areas of activity are further described in these stationed reaches listed below. 

1. Station 10+00 through 140+00. Specific items included in this reach are the I-20 
Interstate bridges (Sta. 95+00±) as well as the U.S. Highway 80 (Sta. 110+00), Old 
Brandon Road (Sta. 135+00±), and railroad bridges (Sta. 70+00±, Sta. 130+00±). 
Two high-pressure gas lines run through this reach and would have to be carefully 
monitored as excavation and grading activities progress. Multiple access points on 
both sides of the river would have to be maintained and monitored from a perspective 
of public safety and construction use. Projected quantities for earthwork are 
approximately 6 million cubic yards (yd³). 
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Pearl River Basin Federal Flood Risk Management Project, Hinds and Rankin Counties, Mississippi 

2. Station 140+00 through 290+00. This reach contains the eastward expansion of 
the east side levees and the construction of islands in the deepened overbank. 
Islands would be formed as part of the excavation activities. As with the previous 
reach segment, numerous access points would require management and 
maintenance for use and safety. A creosote slough area (Sta. 240+00±) would be 
avoided, when possible, to not disturb or cause any objectionable material to be 
exposed or mixed with other excavated material. In the event avoidance is not 
possible, the slough area may be excavated and hauled to a separate disposal site, 
and the remaining exposed surface capped prior to final grading. Projected 
excavation quantities are 6 million yd3. 

3. Station 290+00 through 400+00. As with the previous downstream reaches, there are 
bridges to work around (Highway 25 near Sta. 360+00), and gas lines and 
transmission lines that must be monitored during earthmoving operations. Depending 
on the final design, Mayes Lake (Sta. 310+00±) may need tie-in work to maintain its 
current level. A determination about the tie-in work would be made during the PED 
phase. An existing abandoned railroad embankment of the Gulf, Mobile & 
Northern/Gulf Mobile and Ohio (GM&N/GM&O) Railroad Bridge could also be 
affected and was removed in H&H modeling. Some island forming work would be 
required in this reach. The existing weir at the water works bend near Station 290+00 
would remain undisturbed until completion of the new weir at the downstream 
terminus as to maintain water supply for the treatment plant. Projected excavation 
quantities in this reach are approximately 8 million cubic yards. 

Hardpoints at Base of Tributaries 

Multiple tributary inflow points exist within this reach and Alternative C would add a 
hardpoint, via a riprap chute to prevent backward erosion at each tributary inflow where the 
excavation of overbanks decreased the tributary channel bottom elevation at or near the 
confluence of those tributaries with the Pearl River. 

Maintenance and Reinforcement of Bridge Abutments of Bridges (if required) 

Stabilization or armoring, such as riprap, slope paving, slide repairs, etc., is required to 
ensure structural of integrity of various bridge structures due to changed conditions with this 
alternative. This work will be carried out prior to clearing and any major channel work. 
Following its own analysis, the Mississippi Department of Transportation (MDOT) has 
informed the Rankin-Hinds Flood Control District (the Flood Control District), MDOT agrees 
to collaborate with the Flood Control District in “the advancement of this project and to 
ensure countermeasures are included, if determined necessary during the future design 
process.” (Letter to G. Rhoads, dated February 26, 2024) To this end, the Flood Control 
District developed a range of cost estimates for potential structural and hydraulic 
countermeasures that could be recommended if countermeasures are determined 
necessary. The array of countermeasure features analyzed will mitigate potential impacts to 
MDOT bridges that will be identified during the PED phase. The estimated cost for these 
features is based upon known costs for the construction of hydraulic and structural 
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Pearl River Basin Federal Flood Risk Management Project, Hinds and Rankin Counties, Mississippi 

countermeasures on another MDOT project at downstream hydraulic crossings of the Pearl 
River. When additional information becomes available during PED, adjustments to the 
design can and will be made to reduce potential impacts. Any proposed countermeasure 
design and implementation will be conducted with MDOT’s concurrence, review, and 
approval. 

Rough estimations of the level of effort required to mitigate for bridge impacts include 
improvements for approximately 36 bents, 12 piers, abutment scour, as well as funding to 
conduct monitoring surveys. A pile is a concrete post that is driven into the ground to act as 
a leg or support for a bridge. A bent is a combination of the cap and the pile. Together, with 
other bents, act as supports for the entire bridge. 

There are a total of 2 active railroad bridges within the project area.  All efforts would be 
made to avoid, monitor, and protect these structures. Additional modeling is required to 
validate these assumptions during PED. If avoidance is not possible, then coordination with 
the operating entity to determine specific requirements of each railway bridge will be 
conducted during PED. All alterations of railroad bridges would be in accordance with 
Section 3 of the 1946 Flood Control Act (22 USC 701p). 

Description of work is consistent for both Alternative C and CTO. The difference is that the 
extent of improvements for the selected structures would be expected to be larger for the 
Alternative C. 

Excavated Material Plan 

Federal levees exist within much of this reach and Alternative C would use the existing 
levees, upgraded with excess excavation placed behind them. Excavated fill would be 
placed in designated disposal areas on the protected side of existing levees. These areas 
would be graded to be at the same elevation or lower than existing levees and grassed to 
establish long-term erosion control. Additional riprap or other armoring would be placed as 
required during the final grading operations. 

The excavated material disposal fill areas placed on the protected side of levees would 
impact approximately 465.6 acres (188.4 ha) (Figure I-5). Clearing of wooded areas to the 
east of the proposed new banks (small areas on the west side) would be cleared and 
grubbed ahead of receiving excavated material from the channel overbank excavation. The 
excavated material would be used to create a substantial new land mass within the Jackson 
MSA. The new land mass created behind the levees would range from 200 to over 1,000 
feet (121.9-304.8 m) in width. The newly created riverfront area would allow for expanded 
riverfront access, natural areas, and commercial development, along with recreational 
opportunities. 

If any structures are to be built on top of any portion of the maintenance berm designed or 
used a seepage control, the berms would be overbuilt and utilities or any other structure or 
penetrations would be limited to within the overbuilt section. Penetrations trough the berm 
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Pearl River Basin Federal Flood Risk Management Project, Hinds and Rankin Counties, Mississippi 

could become seepage exit points, and this is specified to limit fracture through the main 
berm. 

Where water would be permanently ponded against the riverside slope, these areas would 
require a 40-foot-wide semi-compacted impervious riverside maintenance berm to limit 
seepage through the levee. The typical details include a detail of the berm assumed to 
extend the entire length of any levee section where water is pooled. The berm would have a 
crown elevation 3 feet above normal pool, a 1V on 40H top slope and a 1V on 3H toe slope. 
No removal of the riverside blanket near the existing levees is anticipated. 

Figure I-5. Plan View of Proposed Channel Improvements Excavated Material Plan, and 
Weir with Gate 

Structure Demolition 

The existing weir located at RM 291 near the J. H. Fewell WTP site would be demolished 
and replaced with a new weir further downstream near RM 284.3 at the south end of the 
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channel improvements area. In the area surrounding the J. H. Fewell WTP, Plan C calls for 
the demolition of the J.H. Fewell Weir located at RM 291, which is currently set to 
approximately elevation 250 feet. Dredging would be conducted to elevation 248 feet. It is 
undetermined if the water intake structures and access way of the J. H. Fewell WTP would 
need further modification. Demolition may also be required at all or part of the 
abandoned GM&N/GM&O Railroad Bridge since it was removed in H&H modeling. Figure I-
6 shows the excavation extent provided in the black polygon with the WTP, weir and intake 
structures. The length of area (including the island) directly along the railroad bridge is 
approximately 3,600 feet. 
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Pearl River Basin Federal Flood Risk Management Project, Hinds and Rankin Counties, Mississippi 

Figure I-6. Proposed Excavation Extent for Demolition of the J.H. Fewell Weir 
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Pearl River Basin Federal Flood Risk Management Project, Hinds and Rankin Counties, Mississippi 

Construction of New Weir and Gate with Fish Ladder 

The demolished weir would be replaced with a new weir constructed downstream near RM 
284.3 at the south end of the channel improvements area. The purpose of the new weir 
would be to maintain the baseline low-water level for water supply at the J. H. Fewell WTP 
within the channel improvements area. The new weir would provide for a significantly larger 
body of water within the Pearl River channel to the north of the weir. Downstream low-water 
hydrologic flows (extreme drought condition minimum flows) within the Pearl River channel 
would be maintained by means of a 12 x 12-foot low-flow gate. The gate is also required for 
any future maintenance which requires drawdown of the lake. Portions of weir would be 
submerged during flood events thereby allowing excess water to pass downstream. Water 
would pass over the weir with inflow into the lake approximately equaling outflow at any 
given time (with the exception of the extreme drought, which has a minimum release and 
outflow could be greater than inflow. However, this is expected to rarely occur, as the Ross 
Barnett Reservoir also has a minimum release requirement that would pass through the 
system). As opposed to the existing weir, the replacement weir would be constructed to a 
higher elevation of 258 NGVD vs. the current of 250 NGVD, and a larger width of 1,500 feet 
along an approximately 1 mile (1.6 km) stretch on the southern end of the proposed channel 
improvements area. This weir would impound an area of approximately 2600 acres. Baffle 
blocks to help prevent floating solids from flowing over the weir are part of the conceptual 
designs. Further, additional excavation for the fish ladder would occur along the left 
descending bank of the relocated weir in the project area. The fish ladder has been 
conceptually designed to be approximately 7,300 feet (2,225.0 m) in length. The fish 
passage design will be coordinated with The Service and state agencies during the PED 
phase. 

The proposed weir meets USACE and State criteria to be defined as a dam based on the 
height of the structure and water storage. Additional costs were added to the NFI project 
cost to account for a redesign and constructing the weir to higher USACE and State criteria 
for a dam. Rough cost estimates were derived using some unit costs from the NFI. A more 
refined cost estimate would be done once the dam is redesigned to meet USACE and State 
criteria. 

The proposed weir does not provide any flood control benefits, and construction of the weir 
necessitates additional pumping needs at existing levees as well as seepage protection in 
the form of berms and slurry walls on existing levee features upstream of the weir. However, 
the weir provides a lake surface for future water supply concerns, as well as adding 
attractive locations for recreation and future economic development.  Public recreation 
facilities within the floodplain (i.e., boat ramps and landings, pedestrian access points, public 
and RV parks, natural areas, and trails) are not part of Alternative C; however, at a later 
time, those features may be added by other entities as a result of the weir’s new expanded 
year-round recreational water body. 
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Pearl River Basin Federal Flood Risk Management Project, Hinds and Rankin Counties, Mississippi 

Additional Pumping Needs at Existing Levees 

The existing levees contain drainage structures that allow water to drain from the interior of 
the leveed area when the Pearl River is low. When the Pearl River water level is high, the 
drainage structures are closed, and pump stations are used to pump water out of the leveed 
area. The original design (original levee construction) of these features called for the 
drainage structure to handle a 1 percent AEP interior drainage flow and the pumps were 
originally designed for a smaller event. Later additional pump capacity was added without 
additional study (see: 2007 Report for details). The proposed new weir would maintain a 
minimum pool at elevation 258.0 ft. Due to the new pool elevation, the drainage structures 
would have at least 9 ft of water covering the structures at all times and would no longer be 
able to operate and prevent the new reservoir from flooding the interior leveed areas. 
Additional pumping capacity would be installed to mitigate for the loss of capacity of the 
drainage structures. In addition, some of the proposed fill areas in the NFI plan would fill in 
part of the sump that is presently used to store water for pumping. The NFI did not perform 
an interior flooding analysis to determine mitigation features for the loss of the use of the 
drainage structures. This analysis would need to be completed if Alternative C is selected for 
construction. Additionally, the Operation and Maintenance (O&M) of the additional pumping 
would need to be substantially updated from the existing O&M plan for the pumping ability 
and constant operations prior to construction. Costs for this effort are estimated to range 
from $100 million to $200 million depending on the size of the pump stations needed. Cost 
estimates (adjusted for inflation) were based off recent experience with pump cost 
estimation from studies or actual construction, such as the proposed pump station for the 
Raritan Bay and Sandy Hook Bay Hurricane Sandy Limited Reevaluation Report, dated 
September 2016, and pump station construction in the Trinity River Corridor were also used 
to verify cost ranges. 

Newly Federalized Levee 

An existing non-Federal levee protects the Savanna Street WWTP near RM 282. As part of 
Alternative C, the levee would undergo maintenance and additional upgrades, so the levee 
meets the freeboard needed for certification for a 1 percent AEP flood event in advance of 
the main construction phases (Figure I-7). The levee section proposed for the new 
Federalized levee around the WWTP consists of a 10-foot crown width with 1V on 3H 
landside and riverside slopes. If needed, a slurry wall for seepage mitigation would be 
added. At this location, additional pumps would not be needed to provide protection behind 
levees since the existing pumps are already in progress of being replaced as part of the 
Section 219 Environmental Infrastructure Program as discussed in Section 1.5.2 of this 
report. 

Principal features of the work include mobilizing and demobilizing, clearing, and grubbing, 
removing, and stockpiling any existing crushed stone surface, semi-compacted levee 
embankment, traverses, adding new crushed stone surfacing, mowing, turfing, erosion 
control matting, preventing storm water pollution, and providing environmental 
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protection. Additional work could include trenching and the creation and backfill of a 
concrete slurry wall within the levee footprint. 

Figure I-7. Proposed Federalized Levee at WWTP 

BORROW PLAN 

A borrow plan has not been developed at this stage of the analysis. It is conceivable that 
there is enough borrow material from the material excavated from within the channel but it is 
unknown at this time if the material is suitable for constructing levees. Should the excavated 
material within the channel be determined to be unsuitable, borrow material would need to 
be obtained from another source for construction of any levees. There are potential borrow 
sources identified within close proximity of the project area (10-mile radius). Reference 
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Figure 3-8 for a potential source. Borrow opportunities would be further investigated during 
PED and a supplemental NEPA document would be prepared at that time. 

Figure 3-8 Potential Borrow Sources 

Property Relocations 

Alternate C includes removing the abandoned GM&N/GM&O Railroad Bridge and 
embankment, relocating or reconstructing property of others, bridge counter measures, 
utilities and lands or interests purchased for such relocations and conveyed to others. All 
alterations of railroad bridges would be in accordance with Section 3 of the 1946 Flood 
Control Act (22 USC 701p). Of the 2,750 acres needed for the implementation of Alternative 
C, the NFI owns the real estate for approximately 1,120 acres. 

Relocations also include the removal of existing historical unpermitted solid waste units in 
the floodplain, removal and capping of an existing potential HTRW site, and remediating as 
necessary at full NFI responsibility, including (Figure I-9): 

• An existing automotive salvage yard. 
• Mitigation features may be required for Gulf States Creosote Company Site. 
• Additional capping and bank stabilization features would be required for 

unpermitted LeFleur’s Landing Site (Jefferson Street Landfill). 
• Excavation and removal of approximately half of the closed and sealed Gallatin 

Street Landfill Site of proposed channel improvements. 
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Figure I-9. Known and Potential HTRW Sites within Project Area 

The Gulf States Creosote Company Site is located within the project area. The site, or 
portions thereof, may require avoidance, remediation, or some other mitigating features. The 
unpermitted LeFleur’s Landing Site is also located along the edge of the proposed channel 
improvement excavation area. It would require additional capping and bank stabilization 
features due to potential leaching of landfill waste and groundwater movement in the area. 
Remediation design and coordination with appropriate local, State, and Federal agencies 
would determine site actions to eliminate potential leaching of landfill waste to the 
groundwater and movement of groundwater into the proposed channel improvement. 
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Pearl River Basin Federal Flood Risk Management Project, Hinds and Rankin Counties, Mississippi 

Groundwater controls and a slurry wall may be appropriate remedial actions in this event. 
The proposed channel improvement excavation area would also bisect the unpermitted 
Gallatin Street Landfill Site; therefore, excavation and removal of approximately half of the 
landfill site would be required to construct the proposed channel improvement. This 
excavated material would then be incorporated into the current remaining landfill area to 
further elevate the area, cap the area, and provide bank stabilization. Final remedial designs 
would be coordinated with appropriate Federal and State agencies to determine necessary 
actions to prevent and/or eliminate potential leaching of landfill waste chemicals to the 
groundwater and movement of groundwater into the proposed channel improvement area 
prior to the initiation of excavation activities at this location. Again, groundwater controls and 
a slurry wall may be appropriate remedial actions. 

OPERATIONS AND MAINTENANCE (CHANNEL, WEIR, SEEPAGE BERMS, FISH 
PASSAGE, LEVEE UPDATES) 

Operations and Maintenance is ongoing for existing features within the Rankin-Hinds AOR, 
additional Operations and Maintenance will be implemented for each constructed feature to 
USACE Standards. Existing Levee and Pumping Plant manuals will be updated. New 
features, such as the new weir and lake will require development of new O&M manuals. 
The district commander is responsible for developing an OMRR&R manual for each project 
and separable element constructed under a separate project cooperation agreement (PCA), 
or functional portion of a project or separable element, reporting the status of the manual 
through the project management system as required by ER 5-7-1(FR). Normally, the 
Engineering Division will be assigned the overall responsibility for preparing a draft 
OMRR&R manual with appropriate inputs from other disciplines and, in consultation with the 
project sponsor, furnishing the draft manual to the project manager for coordination with the 
project sponsor, and preparing the final OMRR&R manual for approval. For a functional 
portion, the OMRR&R manual is an interim manual pending completion of the entire project 
or separable element.  The major subordinate commander is responsible for review and 
approval of the manual.  The project sponsor, normally through a permanent committee 
consisting of our headed by an official usually called the "superintendent" is responsible for 
carrying out the provisions of the OMRR&R manual.  The OMRR&R manual will include 
coverage of all OMRR&R subjects required by the PCA and existing regulations, in detail 
sufficient to ensure proper OMRR&R accomplishment by the project sponsor.  Project 
sponsors, subject to review and approval of the district commander, may prepare 
supplements to the manual. 
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Section 3 
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Pearl River Basin Federal Flood Risk Management Project, Hinds and Rankin Counties, Mississippi 

ALTERNATIVE COMBINATION THEREOF PLAN 
The USACE evaluated various combinations of the project features to determine a 
combination that would maximize the flood risk reduction benefits while reducing adverse 
impacts and costs.  Based on H&H modeling and agency coordination, the CTO Alternatives 
could  be comprised of the following features with or without a weir (Alternative D and 
Alternative E): 

• Alternative A1 Non-Structural Plan 
• Excavation of Main Channel 
• Federal levee improvements 
• New weir construction including a fish ladder. 
• Non-Federal levee improvements (Savannah Street WWTP) 
• Levees 
• Bridge modifications 
• Mitigation features 

CTO FEATURE SUMMARY 

The Alternative CTO would provide similar flood risk reduction as the NFI Alternative C with a 
smaller footprint. Table I-6 Provides a listing of the project features of the CTO alternative 
with and without a weir. Based on H&H modeling, the weir would be located in a different 
location from the weir identified in Alternative C. Figure I-10 shows the location of the 
proposed weir. 

Table I-6. CTO Alternative Project Features and Quantities 

Feature 

ALT CTO 
W/WEIR
(Alt D) 

Quantity 

ALT CTO 
WO/WEIR

(Alt E) 
Quantity 

Units 

NON-STRUCTURAL 

Non-structural plan 
60 
43 residential 
17 nonresidential 

60 
43 residential 
17 nonresidential structures 

STRUCTURAL 
Lake Surface Water Area 1706 0 acres 
Clearing and Grubbing * 1,501 1,501 acres 

Channel Improvements Excavation * 1016 (11.3-14.1) 1016 (11.3-14.1) acres (mcy) 
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Pearl River Basin Federal Flood Risk Management Project, Hinds and Rankin Counties, Mississippi 

Fill Area * 485 (14.7-18.4) 585 (14.7-18.4) acres (mcy) 

Stabilization or armoring for bridge abutments * 7 7 bridges 

Hard Point in tributary channels to prevent 
incision/sediment into newly constructed lake * 750 750 Feet (crossing 

river) 

Newly Federalized Levee (inc. slurry wall* 1.7 1.7 miles 
Slurry Wall Savanna Street WWTP* 1.7 1.7 miles 

New Slurry wall for seepage of existing features** Up to 1.3 0 miles 

Weir and new gate ** 1 0 each 

Pumps to address interior drainage Impacts ** 1 0 each 

Fish Passage ** 5,000-6,000 0 feet 

Canton Club Levee*** 1.4 1.4 miles 

OPERATIONS AND MAINTENANCE 
Weir 1 0 each 

Fish Passage ? 0 each 

Terrestrial Habitat Mitigation 11 11 events 

Riverine Habitat Mitigation ? 0 events 

Lake 1 0 each 

Pump Station 1 0 each 

Levees 2 2 each 

MITIGATION 
Sandbars (material from excavation) 31 0 acres 

Reforest top bank of fish passage ? 0 acres 

Riverbank preservation 10 10 miles 

Removal of obsolete aquatic barriers 1 0 structure 
Connect occupied and suitable unoccupied riverine 
habitat ? 0 acres 

Open historically lost riverine habitat ? 0 acres 

Terrestrial Habitat Mitigation 10,762 10,762 acres 

* Components of Alt C Excavation 
** Components of Alt C Weir 
***Feature from Alternative B 

Nonstructural Component 

The nonstructural analysis was conducted based on a residential and non-residential 
structure inventory developed by USACE in 2023 using the National Structural Inventory 
database of structures, version 2.0. An assessment of structures located in the 10 percent, 4 
percent, 2 percent, and 1 percent AEP floodplains in the Post Project Construction was 
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Pearl River Basin Federal Flood Risk Management Project, Hinds and Rankin Counties, Mississippi 

performed (reference Appendix N for more details). The NS features Elevation and 
floodproofing of structures were used to determine the effectiveness of a nonstructural 
alternative. For the analysis, residential structures would be elevated to the 1 percent AEP 
BFE based on year 2082 hydrology up to 13 feet above the ground and nonresidential 
structures to be floodproofed up to 3 feet above the ground. Participation in the nonstructural 
plan would on a voluntary basis by the property owner. 

As a result of feedback from the public meetings held in May and June 2023, the option to 
include property acquisition (buyout) on a voluntary basis is included in the nonstructural 
implementation plan (Appendix N). Full details regarding the Non-structural Implementation 
Plan are included in Appendix N. 

NFI Channel Improvement/Weir/Levee Plan Components 

The Alternative CTO provides similar flood risk reduction at the NFI Alternative C with a 
smaller footprint. Alternative CTO consists of the construction of channel improvements, a 
new weir with a low-flow gate structure downstream for future potential water supply while 
simultaneously creating a lake area for recreational opportunities (Figure I-10). Federal 
levee improvements (excavated material plan) and raising an existing non-Federal ring levee 
(the Savannah Street WWTP Levee). 

Modifications include constructing a weir upstream of the location identified for Alternative C, 
reducing excavation limits which reduces fill areas and thus reducing environmental impacts 
throughout the project footprint. The new weir would have a lower elevation than proposed 
for alternative C as well as a reduction in the overbank excavation limits. These changes 
could reduce environmental impacts especially to HTRW sites within the project footprint. 

The Alternative CTO seeks to realize flood risk management through a reduced scope of 
measures that provide similar levels of flood risk reduction as Alternative C. Flood risk 
management is realized through lowering of the channel overbanks within the project 
footprint, thereby improving conveyance of water through the project area and lowering the 
water surface elevation of the river in some places within the project area over 4 feet (1.2 
m). Water surface elevation reductions due to this excavation would provide reduction of 
flood elevations not only within the reach of excavation, but additional elevation reductions 
upstream for over 8 miles upstream of the excavation limits. 

Construction of the project would require relocations and/or improvements to various public 
and private utilities and infrastructure, mitigating potential HTRW and other hazardous waste 
sites within the floodplain, avoidance and minimization features required under the 
Endangered Species Act, and the creation of new habitat mitigation areas to offset losses 
within the project’s construction footprint areas. 

There are a total of 9 transmission lines within the project area.  All efforts would be made to 
avoid, monitor, maintain required clearance, and protect these structures. If avoidance is not 
possible, then utility relocation or raising of lines/protection of structures would be 
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necessary. It is estimated that 4 to 5 of these lines will require additional utility relocation 
costs. Coordination with the operating entity to determine specific requirements of each 
transmission line will be conducted during PED. 

Figure I-10. Select CTO Features – Excavation, Fill, and Weir 
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Figure I-11. USACE modeling Results for the 1% AEP (100-year) With and Without Project 
Routing Scenario 

Channel Improvements 

Channel improvements (Figure I-12) consist of excavating areas along the Pearl River to 
improve conveyance from RM 285 to 294., which included river reaches previously 
channelized during the existing levee construction. The channel improvement footprint 
includes excavation of up to 1,016 acres. Of the total 1,016 acres, approximately 853 acres 
are located above the proposed weir, and approximately 163 acres are located below the 
proposed weir.  The width of excavation would vary ranging from 500 to 2,600 feet (152-793 
m) including the river width.  The actual widths would be determined during the PED phase. 
The depth of excavation would vary between 0 -15 feet to meet the proposed bottom elevation 
of 250.0 feet NGVD. The quantity of material excavated from the floodplain and channel 
overbanks would range from 11.3 to 14.1 million cubic yards (8.6-10.7 million m³) of material. 
The existing river channel will not be widened, instead excavation of the overbank areas will 
occur. 

The preliminary project layout includes islands within the channel improvement excavation 
area that would be maintained and/or expanded upon from RM 288.0 to RM 292.0. Further, 
sand bars could be constructed inside the floodplain and along the existing islands to 
compensate for the loss of sand bar habitat. 
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Figure I-12. Channel Improvements with a Relocated Weir 

Overbank Modifications 

The existing overbank areas of the Pearl River channel would be lowered to increase 
conveyance of flood flows.  Existing levees would remain in place and would be maintained 
to increase this control and to aid in haul access. Excavation limits near the existing levees 
would be determined during final design. 

Station 10+00 through 140+00. Specific items included in this reach are the I-20 Interstate 
bridges (Sta. 95+00±) as well as the U.S. Highway 80 (Sta. 110+00), Old Brandon Road 
(Sta. 135+00±), and railroad bridges (Sta. 70+00±, Sta. 130+00±). Two high-pressure gas 
lines run through this reach and will would have to be carefully monitored as excavation and 
grading activities progress. Multiple access points on both sides of the river would have to 
be maintained and monitored from a perspective of public safety and construction use. 

Station 140+00 through 290+00. This reach contains excavating the overbank areas around 
high points such that high points would appear as islands. As with the previous reach 
segment, numerous access points would require management and maintenance for use and 
safety. A creosote slough area (Sta. 240+00±) will be avoided during construction, to not 
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disturb or cause any objectionable material to be exposed or mixed with other excavated 
material. 

Station 290+00 through 400+00. As with the previous downstream reaches, there are 
bridges to work around (Highway 25 near Sta. 360+00), and gas lines and transmission lines 
that must be monitored during earthmoving operations. Depending on the final design, 
Mayes Lake (Sta. 310+00±) may need tie-in work to maintain its current level. A 
determination about the tie-in work would be made during the PED phase. An existing 
abandoned railroad embankment of the Gulf, Mobile & Northern/Gulf Mobile and Ohio 
(GM&N/GM&O) Railroad Bridge could also be affected and was removed in H&H modeling. 
Some excavation would be required in this reach such that high points would appear as 
islands. The existing weir at the water works bend near Station 290+00 would remain 
undisturbed. 

Excavated Material Plan (Fill material) 

Alternative CTO would upgrade the existing federal levees by placing excavated material on 
the protected side of the levees.  Excavated fill material would also be placed in designated 
disposal areas in other locations within the flood plain. The disposal fill areas would impact 
approximately 485 acres (151 ha) (Figure I-10). 

Clearing and grubbing of approximately 1501 acres would occur prior to placement of the 
excavated fill material from the channel lowering. The excavated fill material would be used 
to create land areas ranging from 6.5 to 88 acres (2.6 – 21 hectares) within the Jackson 
MSA. The newly created areas could allow for expanded riverfront access, natural areas, 
and commercial development, along with recreational opportunities. The Jackson MSA has 
significant historical and cultural site presence, final site locations would be adjusted during 
PED following completion of cultural resource surveys. 

Fill material placed behind levees would be graded to the same elevation or lower than 
existing levees, compacted for suitably for future land development. However, if any 
structures are built on top of any portion of the maintenance berm designed or used as a 
seepage control, the berms would need to be overbuilt and utilities or any other structure or 
penetrations would be limited to within the overbuilt section. 

Where water would be permanently ponded against the riverside slope, these areas will 
require a 40-foot-wide semi-compacted impervious riverside maintenance berm to limit 
seepage through the levee. The berm assumed to extend the entire length of any levee 
section where water is pooled.  No removal of the riverside blanket near the existing levees 
is anticipated. A riverside blanket refers to a top layer of clay and/or silt soil with low 
permeability constructed on the riverside of a levee to reduce the movement of water 
underneath the levee. 

If any structures are to be built on top of any portion of the maintenance berm designed or 
used a seepage control, the berms would be overbuilt and utilities or any other structure or 

30 



         
      

 

  
 
 

 
 
 

   

  

  

   
 

  
 

   

  
 
 

  

     

 
  

  
 

  
  

 
  

 
 

  

  

  

  

 

  
  

Pearl River Basin Federal Flood Risk Management Project, Hinds and Rankin Counties, Mississippi 

penetrations would be limited to within the overbuilt section. Penetrations trough the berm 
could become seepage exit points, and this is specified to limit fracture through the main 
berm. 

Material Provided to NFI 

Up to 1,660,000 cy (1,269,000 3) of fill material (estimated as 100 acres (40.5 hectares) of 
fill 10 feet high) would be provided to the NFI for additional usage within the project footprint. 
This material would either hauled directly from the excavation site or moved to a staging 
area for removal by the NFI. Existing fill areas would be used as staging areas after clearing 
and grubbing but prior to fill activities. 

Hardpoints at Base of Tributaries 

Multiple tributary inflow points exist within this reach and Alternative CTO will add a hardpoint, 
via a rock chute to prevent backward erosion at each tributary inflow where the excavation of 
overbanks decreased the tributary channel bottom elevation at or near the confluence of those 
tributaries with the Pearl River. 

Reinforcement of Bridge Abutments or Replacement of Bridges (if required) 

If any stabilization or armoring, such as riprap, slope paving, slide repairs, etc., is required, it 
will be carried out prior to clearing and any major channel work. Following its own analysis, 
the Mississippi Department of Transportation (MDOT) has informed the Rankin-Hinds Flood 
Control District (the Flood Control District), that MDOT agrees to collaborate with the Flood 
Control District in “the advancement of this project and to ensure countermeasures are 
included, if determined necessary during the future design process.” (Letter to G. Rhoads, 
dated February 26, 2024) To this end, the Flood Control District developed a range of cost 
estimates for potential structural and hydraulic countermeasures that could be 
recommended if countermeasures are determined necessary. The array of countermeasure 
features analyzed will mitigate potential impacts to MDOT bridges that will be identified 
during the PED phase. The estimated cost for these features is based upon known costs for 
the construction of hydraulic and structural countermeasures on another MDOT project at 
downstream hydraulic crossings of the Pearl River. When additional information becomes 
available during PED, adjustments to the design can and will be made to reduce potential 
impacts. Any proposed countermeasure design and implementation will be conducted with 
MDOT’s concurrence, review, and approval. 

Rough estimations of the level of effort required to mitigate for bridge impacts include 
improvements for approximately 36 bents, 12 piers, abutment scour, as well as funding to 
conduct monitoring surveys. A pile is a concrete post that is driven into the ground to act as 
a leg or support for a bridge. A bent is a combination of the cap and the pile. Together, with 
other bents, act as supports for the entire bridge. 

There are a total of 2 active railroad bridges within the project area. All efforts would be made 
to avoid, monitor, and protect these structures. Additional modeling is required to validate 
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these assumptions during PED. If avoidance is not possible, then coordination with the 
operating entity to determine specific requirements of each railway bridge will be conducted 
during PED. All alterations of railroad bridges would be in accordance with Section 3 of the 
1946 Flood Control Act (22 USC 701p). 

Construction of New Weir and Gate with Fish Ladder 

Alternative CTO may include a new weir to be constructed near RM 286.5 at the southern 
end of the channel improvements area. It should be noted that the CTO alternative does not 
include any modifications to the existing J. H. Fewell weir. This new weir would provide for a 
larger body of water within the Pearl River channel to the north of the weir and fish ladder. 
Downstream low-water hydrologic flows (extreme drought condition minimum flows) within 
the Pearl River channel would be maintained by means of a 12 x 12-foot low-flow gate. Also 
note that the gate is required for any future maintenance which requires drawdown of the 
lake.  Portions of the weir would be submerged during normal flow allowing excess water to 
pass downstream. Water would pass over the weir with inflow into the lake approximately 
equaling outflow at any given time (with the exception of the extreme drought, which has a 
minimum release and outflow could be greater than inflow. However, this is expected to 
occur very rarely, as the Ross Barnett Reservoir also has a minimum release requirement 
that would pass through the system). As opposed to the existing weir, the new weir would be 
constructed to a higher elevation of approximately 256 feet. NAVD 88 with a length of up to 
1,700 feet with a fish ladder located on the southern end of the proposed channel 
improvements area. The weir would impound approximately 6 feet of water along the 
excavated overbanks (about 1350 ft) and up to 22 feet in the approximately 350 feet across 
the main channel. This would impound an area of approximately 1706 acres, of this area 
approximately 637 acres are upstream of the Fewell Water Treatment Plant Weir. 
Downstream erosion protection from flow over the weir are part of the conceptual designs. 

A fish ladder (Figure I-13) would be excavated around the relocated weir within the project 
area. The fish ladder is conceptually designed to be approximately between 5,000 - 6,000 
feet (1524-1829 m) in length. The fish ladder would be constructed at an approximate 0.004 
ft/ft slope and tie into the Conway Slough which connects to the Pearl River 0.8 miles 
downstream of the CN Railroad Bridge. The fish ladder design would be coordinated with 
US Fish and Wildlife, state agencies and Tribes during the PED phase. 
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Figure I-13. Proposed Weir (Black) and Fish Ladder (Blue) Exact Dam Design to be 
determined in PED. 

The proposed weir meets USACE and State criteria to be defined as a dam based on the 
height of the structure and water storage. As a result, the dam would be designed and 
constructed to meet USACE and State criteria for a dam. 

The construction of a weir without excavation of the overbanks has not been sufficiently 
investigated to ensure that inducements do not occur. Construction of the weir without 
channel conveyance improvement was not analyzed and would require additional study if 
selected. 

The proposed weir does not provide any flood control benefits, and construction of the weir 
necessitates additional pumping needs at existing levees as well as seepage protection in 
the form of berms and slurry walls on existing levee features upstream of the weir. However, 
the weir provides a lake surface for future water supply concerns, as well as adding 
attractive locations for recreation and future economic development. The proposed weir 
would result in an expanded, year-round recreational water body capable of supporting 
recreational facilities.  Potential recreation sites would be limited to areas disturbed by 
construction and design of these facilities would be coordinated during PED (Figure I-14). 
The potential recreational opportunities could include boat ramps, camping areas, fishing 
piers, trails, or wildlife viewing areas. 
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Implementation of this alternative would be subject to the non-Federal sponsor agreeing to 
comply with the applicable federal laws and policies prescribed in the model Partnership 
Agreement for Authorized Structural Flood Risk Management Projects. The Flood Control 
District, the non-Federal sponsor, anticipates recreation operations will be solely its 
responsibility. As such, recreation design and construction would be cost shared. 

Figure I-14. Potential Sites for Recreational Features 

Pumping Needs at Existing Levees 

The existing levees contain drainage structures that allow water to drain from the interior of 
the leveed area when the Pearl River is low. When the Pearl River water level is high, the 
drainage structures are closed, and pump stations are used to pump water out of the leveed 
area. The original design of these features called for the drainage structure to handle a 1 
percent AEP interior drainage flow and the pumps were originally designed for a smaller 
event. 
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Alternative CTO calls for the construction of a new weir with a minimum pool at elevation 
256.0 ft. As a result, the drainage for the Jackson Fairgrounds Levee would always impound 
at least multiple feet of water on the structure and would no longer be able to operate via 
gravity flow in order to prevent the new lake from flooding the interior leveed areas. 

The proposed new weir was placed upstream of the East Jackson Levee drainage structure, 
so the pool should not impact the operation of the drainage structure. Additional pumping 
capacity would be needed to mitigate for the loss of capacity of the gravity flow drainage at 
the Jackson Fairgrounds Levee. Additionally, the Operation and Maintenance of the 
additional pumps would need to be substantially updated from the existing O&M plan for the 
pumping capacity and constant operations. 

Savannah Street WWTP Levee 

This is an existing non-Federal levee that provides flood risk reduction to the Savanna Street 
WWTP near RM 282 (Jackson-East Jackson Flood Control Project NLDID: 14050000124). 
The levee would undergo maintenance and additional upgrades to meet the freeboard 
necessary to meet a 1 percent AEP flood event in advance of the main construction phases 
(Figure I-15). The new Federalized levee around the WWTP consists of a 10-foot crown 
width with 1V on 3H landside and riverside slopes.  If needed, a slurry wall for seepage 
mitigation would be added. Additional pumps would not be needed since the existing pumps 
are being replaced as part of the Section 219 Environmental Infrastructure Program 
discussed in Section 1.5.2 of this report. 

Principal features of the work include mobilizing and demobilizing, clearing and grubbing, 
removing and stockpiling any existing crushed stone surface, semi compacted levee 
embankment, traverses, adding new crushed stone surfacing, mowing, turfing, erosion 
control matting, preventing storm water pollution, and providing environmental 
protection. Additional work could include trenching and the creation and backfill of a 
concrete slurry wall within the levee footprint. 
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Figure I-15. Proposed Federalized Levee at Savannah WWTP 

Operations and Maintenance (Channel, Weir, Seepage Berms, Fish Passage, Levee 
updates) 

Operations and Maintenance is ongoing for existing features within the Rankin-Hinds AOR, 
additional Operations and Maintenance will be implemented for each constructed feature to 
USACE Standards. Existing Levee and Pumping Plant manuals will be updated. New 
features, such as the Canton Club Levee and the new weir and lake will require 
development of new O&M manuals. The district commander is responsible for developing an 
OMRR&R manual for each project and separable element constructed under a separate 
project cooperation agreement (PCA), or functional portion of a project or separable 
element, reporting the status of the manual through the project management system as 
required by ER 5-7-1(FR). Normally, the Engineering Division will be assigned the overall 
responsibility for preparing a draft OMRR&R manual with appropriate inputs from other 
disciplines and, in consultation with the project sponsor, furnishing the draft manual to the 
project manager for coordination with the project sponsor, and preparing the final OMRR&R 
manual for approval. For a functional portion, the OMRR&R manual is an interim manual 
pending completion of the entire project or separable element.  The major subordinate 
commander is responsible for review and approval of the manual.  The project sponsor, 
normally through a permanent committee consisting of our headed by an official usually 
called the "superintendent" is responsible for carrying out the provisions of the OMRR&R 
manual.  The OMRR&R manual will include coverage of all OMRR&R subjects required by 
the PCA and existing regulations, in detail sufficient to ensure proper OMRR&R 
accomplishment by the project sponsor.  Project sponsors, subject to review and approval of 
the district commander, may prepare supplements to the manual. 
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Levees Plan 

Canton Club Levee 
A levee segment of approximately 1.5 miles is proposed on the west bank of the Pearl River 
in northeast Jackson (Figure 3-16).  This levee would provide additional flood risk reduction 
for approximately 100 acres of high density developed neighborhoods.  This area is 
bounded on the north by the North Canton Club Circle and Beechcrest Drive on the South. 
It is estimated this would reduce flood risk for over 250 homes. 

Figure 3-16. Proposed Canton Club Levee (orange line) 

Principal features of the work include mobilizing and demobilizing equipment, clearing and 
grubbing, removing and stockpiling any existing crushed stone surface, semi compacted 
levee embankment, traverses, adding new crushed stone surfacing, mowing, turfing, erosion 
control matting, preventing storm water pollution, and providing environmental protection. 

If additional borrow is necessary, the borrow areas would be acquired by the NFI and 
furnished by the Government to the contractor (government furnished borrow). Some small 
areas could be more appropriate for the construction of a short floodwall, typically an I or T 
wall, could be more appropriate for some small areas due to space constraints, though 
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further analysis would be required. Constructing a less designed berm could be more 
appropriate where smaller loadings would occur. 

Construction of the project will require relocations and/or improvements to various public and 
private utilities and infrastructure, avoidance and minimization features required under the 
ESA, and the creation of new habitat mitigation areas to offset losses within the project’s 
construction footprint areas. 

Borrow Plan 

A borrow plan has not been developed at this stage of the analysis. It is conceivable that 
there is enough borrow material from the material excavated but it is unknown at this time if 
the material is suitable for constructing levees.  Should the excavated material be 
determined to be unsuitable, borrow material would need to be identified for construction of 
any levees.  There are potential borrow sources within close proximity of the project area 
(10-mile radius). Reference Figure 3-8 for potential source.  Borrow opportunities would be 
further investigated during PED and a supplemental NEPA document would be prepared at 
that time. 

Operations and Maintenance (Canton Club Levee) 

Operations and Maintenance will be implemented for each constructed feature to USACE 
Standards. The district commander is responsible for developing an OMRR&R manual for 
each project and separable element constructed under a separate project cooperation 
agreement (PCA), or functional portion of a project or separable element, reporting the 
status of the manual through the project management system as required by ER 5-7-1(FR). 
Normally, the Engineering Division will be assigned the overall responsibility for preparing a 
draft OMRR&R manual with appropriate inputs from other disciplines and, in consultation 
with the project sponsor, furnishing the draft manual to the project manager for coordination 
with the project sponsor, and preparing the final OMRR&R manual for approval. For a 
functional portion, the OMRR&R manual is an interim manual pending completion of the 
entire project or separable element.  The major subordinate commander is responsible for 
review and approval of the manual.  The project sponsor, normally through a permanent 
committee consisting of our headed by an official usually called the "superintendent" is 
responsible for carrying out the provisions of the OMRR&R manual.  The OMRR&R manual 
will include coverage of all OMRR&R subjects required by the PCA and existing regulations, 
in detail sufficient to ensure proper OMRR&R accomplishment by the project sponsor. 
Project sponsors, subject to review and approval of the district commander, may prepare 
supplements to the manual.  ￼ 

Mitigation Component 

Habitat Mitigation would be achieved by implementing Corps constructed mitigation projects 
and/or purchasing of mitigation bank credits. Further planning and analysis would be 
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completed during PED to determine which strategies, stand alone or combined, would fully 
compensate for habitat impacts. 

Mitigation features may be required for Gulf States Creosote Company Site.  The Creosote 
Slough is located within the project area. The site, or portions thereof, may require 
avoidance, remediation, or some other mitigating features. Groundwater controls and a 
slurry wall may be appropriate remedial actions in this event. Final remedial designs would 
be coordinated with appropriate Federal and State agencies to determine necessary actions 
to prevent and/or eliminate potential leaching of chemicals to the groundwater and 
movement of groundwater into the proposed channel improvement area prior to the initiation 
of excavation activities at this location. 

Coordination with appropriate local, State, and Federal agencies would determine site 
actions to eliminate potential leaching of landfill waste to the groundwater and movement of 
groundwater into the proposed channel improvement. 
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