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 INTRODUCTIONtc \l1 "INTRODUCTION
The Boeuf-Tensas Basin, Southeast Arkansas Feasibility Study aims to alleviate critical agricultural water supply shortages, reduce flood damage, and provide environmental restoration.  This planning aid report outlines fish and wildlife resources, potential detrimental impacts of the project, planning objectives, and potential conservation measures.  This report has been prepared in cooperation with the Arkansas Game and Fish Commission (AGFC) in accordance with the Fish and Wildlife Coordination Act (FWCA) (48 Stat. 401, as amended; 16 U.S.C. 661 et seq.) and the Endangered Species Act (87 Stat. 884, as amended; U.S.C. 1531 et seq.).  However, this report does not constitute the final report of the Department of the Interior, as required by Section 2 (b) of the FWCA.

The Boeuf-Tensas Basin, Southeast Arkansas Feasibility Study (BTBSAFS) is being jointly conducted by the Vicksburg District of the Army Corps of Engineers, Arkansas Soil and Water Conservation Commission, and Boeuf-Tensas Regional Irrigation Water Distribution District.  Additionally, the Natural Resources Conservation Service (NRCS) has assisted in identifying present and future cropping patterns, projecting future water needs, and designing on-farm features of the project.

PURPOSE, SCOPE, AND AUTHORITYtc \l1 "PURPOSE, SCOPE, AND AUTHORITY
The primary purposes of the BTBSAFS are environmental restoration, agricultural water supply, and flood damage reduction.  The aquifers in the project area have been severely depleted and are projected to run out by 2015 if present usage levels persist.  This project will provide a solution for depleting groundwater resources in southeastern Arkansas.  Additionally, several urban areas within the basin have experienced frequent flooding, which this project will attempt to alleviate. 

In 1988, the Senate Committee on Environment and Public Works adopted a resolution authorizing continued study of the Boeuf-Tensas Basin, Southeast Arkansas.  The Corps of Engineers was directed to identify solutions to the dwindling groundwater supply in Lincoln, Drew, Desha, Ashley, and Chicot Counties, Arkansas.

PRIOR STUDIES AND REPORTStc \l1 "PRIOR STUDIES AND REPORTS
Several reports have been prepared on water and related land resources in southeast Arkansas.  The findings of the most pertinent reports are summarized.

Five reports have been prepared by the Corps of Engineers (1980, 1983, 1985, 1991, 2000).  Three of these reports have examined flood control problems, fish and wildlife resources within the basin, and recreational needs.  The fourth report, in 1991, was a final reconnaissance report addressing irrigation concerns, flood control needs, fish and wildlife resources, and opportunities this project would provide.  This report designated a selected plan.  Finally, a Project Study Plan was prepared in 2000 that identified project participants and their roles.

The Service has written four FWCA reports regarding this irrigation project.  The first (Harney 1986) described significant fish and wildlife resources in the project area, evaluated alternative plans, and recommended conservation measures, which were incorporated in the Canal 43 - Silver Lake Flood Control Project.  The second Service report (Inmon 1988) provided recommendations for the Canal 19 Substudy, while the third report (Inmon 1989) characterized fish and wildlife resources within the Boeuf-Tensas Basin and evaluated alternative plans for the project.  Finally, a planning aid letter (Inmon 1990) described potential impacts and conservation measures associated with the BTBSAFS.

STUDY AREAtc \l1 "STUDY AREA
The project area encompasses nearly 1.2 million acres and lies in the Boeuf-Tensas basin in southeast Arkansas in Lincoln, Desha, Drew, Ashley, and Chicot Counties (Figure 1).  The majority of the project area lies in the Mississippi alluvial plain between the Mississippi River and the western portion of the Bayou Bartholomew escarpment.  Macon Ridge, which rises 10 to 40 feet above the adjacent plain, is the only major natural relief in the area.  Environmentally significant lands in the project area include Overflow National Wildlife Refuge, Oakwood National Wildlife Refuge, various wildlife management areas, and privately owned hunting lands.

Historically, this region consisted primarily of bottomland hardwoods, meandering streams, and oxbow lakes.  However, the majority of the bottomlands have been drained and cleared for agriculture.  Agriculture is the dominant land use in the project area, comprising 84 percent of the project area (Table 1).  Major crops include rice and soybean, although cotton, corn, sorghum, and wheat also are grown.  Bottomland hardwood forests and forested brakes are scattered throughout the project area but are concentrated primarily along Bayou Bartholomew.  Overflow National Wildlife Refuge (NWR) and Cutoff Creek Wildlife Management Area (WMA) contain the remaining large tracts of bottomland hardwoods.  The primary urban centers include Eudora, Enterprise, Portland, Parkdale, Dermott, Arkansas City, McGehee, Dumas, Grady, and Lake Village.

The hydrology of the Boeuf-Tensas basin has been altered significantly due to flood control projects, draining wetlands for agriculture, artificial flooding, and other habitat alterations, including moist soil units and greentree reservoirs. Aside from Bayou Bartholomew, all of the major streams in the project area have been channelized and their floodplains cleared (Table 2).  Bayou Bartholomew has not been channelized and retains its natural sinuosity.  Although much of its floodplain has been cleared, forests remain in some of the bottomlands.  Of the tributary streams, none have been channelized, except Kirsch Canal, which is a man made ditch.
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Figure 1. Beouf-Tensas Basin, Southeast Arkansas Feasibility Study Area.
From: U. S. Army, Corps of Engineers (1991)
TABLE 1

Approximate Land Use for the Boeuf-Tensas Basin, Southeast Arkansas 

Feasibility Study Area
	Land Use
	
	Percent

	Agriculture
	
	84

	Urban
	
	  1

	Water
	
	  4

	Forest 
	
	  8

	Grassland
	
	   3   

	
	Total
	100


Source: U.S. Army, Corps of Engineers (1991)
Many oxbow lakes occur adjacent to Bayou Bartholomew and the lower reach of Bayou Macon.  Several of the major lakes along Bayou Bartholomew include Grampus, Wilson, Enterprise, and Wallace Lakes.  These lakes range in size from 150 to 300 acres and are managed by AGFC.  Lake Chicot is the largest oxbow lake along Bayou Macon, at approximately 6,700 acres, and is managed by AGFC.  Many reservoirs and catfish rearing ponds occur in the study area.  Most of these reservoirs and ponds occur in the Bayou Bartholomew and Canal 19 watersheds.  The majority are used for irrigation, although several are owned by duck hunting clubs.  The club owned reservoirs vary from 600 to 1,200 acres and are used for hunting, fishing, and irrigation.

The alluvial aquifer in southeastern Arkansas is being rapidly depleted due to pumping for agricultural irrigation.  If groundwater pumping continues at the current rate, it is expected that the aquifer will continue to decline at a rate of one foot per year and will run out by 2015.  Currently, approximately 95 percent of the irrigation water in the project area is taken from the groundwater, and 68 percent of the cropland is irrigated (Corps 1991).

In addition to aquifer depletion, groundwater resources in the area have become contaminated with saltwater.  High salt concentrations render the aquifer nearly useless for agricultural irrigation, however, at low levels the water is still suitable for catfish farming.  Salt concentrations can severely alter the landscape if groundwater continues to be pumped.

FISH AND WILDLIFE RESOURCEStc \l1 "FISH AND WILDLIFE RESOURCES
The Boeuf-Tensas basin contains significant fish and wildlife resources.  Migratory waterfowl use the basin extensively during the winter months for feeding and resting.  Wetlands provide habitat for many species of fish and wildlife, both migratory and non-migratory, especially in the large tracts at Overflow NWR and Cutoff Creek WMA.  Bayou Bartholomew contains more than twice the diversity of fish of typical Mississippi alluvial plains streams in Arkansas (B. Layher, Layher BioLogics, pers. comm.). 

TABLE 2

Significant Streams in the Boeuf-Tensas Basin, Southeast 

Arkansas Feasibility Study Area1
	Major Streams
	Tributary Streams

	Mississippi River
	Cypress Bayou

	Arkansas River2
	Deep Bayou

	Bayou Bartholomew
	Cousart Bayou

	Boeuf River
	Choctaw Bayou

	Bayou Macon
	Kirsch Canal

	Big Bayou
	Cutoff Creek

	Black Pond Slough
	Overflow Creek

	Canal 13
	Fleschmans Bayou

	Canal 18
	Caney Bayou

	Canal 19
	Rush Bayou

	Canal 43
	Jacks Bayou

	Canal 81
	Oakwood Bayou

	Clay-Amos-Cypress Bayou Canal
	Crooked Bayou


Source: U.S. Fish and Wildlife Service (Inmon 1990) and U.S. Army, Corps of Engineers ( 1991)

1This list is based on preliminary information and is not an exhaustive list of significant streams.

2Although the Arkansas River is not within the project area, it is included because it could be used as the primary source of water for the project.
Fishery Resourcestc \l2 "Fishery Resources
Significant fishery resources within the BTBSAFS area include streams, bayous, oxbow lakes, and reservoirs.  Due to channelization, removal of riparian vegetation, and landleveling, species diversity in most of the area’s streams has decreased.  These activities cause water velocities and erosion rates to increase and increase water temperatures, rendering much of these streams inhabitable for many native fish species.  However, Bayou Bartholomew is one of the few remaining major unchannelized streams in the Arkansas portion of the Mississippi alluvial plain and much of its watershed has been restored to bottomland hardwood forest.  This stream contains more than 100 species of fish, approximately twice the diversity of typical alluvial plain streams (B. Layher, Layher BioLogics, pers. comm.).

The fisheries in the Arkansas River and Chicot, Grampus, Wilson, Enterprise, and Wallace Lakes are managed by the AGFC and are considered to be excellent.  Largemouth bass, crappie, bluegill, catfish, striped bass, buffalo, carp, and gar are the principal game species in these waters. Other streams and lakes in the project area have moderate fisheries (Inmon 1990).

The freshwater mussel community in the project area remains relatively unknown.  Channelization, erosion, and sedimentation can impact native mussels severely.  However, there are often pockets of suitable habitat where freshwater mussels are abundant.  Of the study area streams, Bayou Bartholomew likely has the best mussel populations, although it has not been extensively surveyed.  Potential threatened and endangered mussels that could be found in Bayou Bartholomew include the endangered pink mucket (Lampsilis abrupta), the threatened Arkansas fatmucket (Lampsilis powelli), and the proposed endangered scaleshell (Leptodea leptodon).  These species are found in the Ouachita River watershed, including Bayou Bartholomew.  In Louisiana, the Boeuf River contains several highly productive mussel beds, and it is reasonable to expect similar beds to occur in Arkansas (B. Posey, AGFC, pers. comm.).

Wildlife Resourcestc \l2 "Wildlife Resources
Significant wildlife resources include the few large bottomland hardwood tracts in Overflow NWR and Cutoff Creek WMA, small bottomland hardwood areas, numerous forested swamps and brakes, riparian areas, and flooded agricultural land.  The forested wetlands provide habitat for various species of wildlife including white-tailed deer, eastern wild turkey, fox and gray squirrel, cottontail and swamp rabbit, mink, beaver, raccoon, opossum, raptors, waterfowl, songbirds, reptiles, and amphibians.  Additionally, migratory waterfowl use the flooded agricultural lands for resting and feeding.  Forested wetlands are among the most productive habitats and have been lost at an alarming rate.  It is unlikely that many more wetlands will be converted to agriculture, as most of the conversion that is economically feasible has already occurred.  However, there is the potential for irrigation reservoirs associated with this project to be sited in wetlands, which would further reduce the available habitat in the area.  Small pockets of habitat are extremely valuable as corridors and refuges for many species of wildlife, and they filter agricultural runoff and reduce levels of sediments and contaminants entering waterways.  These small wetlands should not be converted to agriculture or open water.

Endangered Speciestc \l2 "Endangered Species
Endangered species in the project area include interior least tern (Sterna antillarum athalassos), which could be affected by the diversion of water, as they nest on sandbars along the Arkansas River.  The endangered bald eagle (Haliaeetus leucocephalus), red-cockaded woodpecker (Picoides borealis), and geocarpon (Geocarpon minimum), a small plant, occur in the project area but are less likely to be impacted, provided there is no land clearing in sites where they occur.  Additionally, the paddlefish (Polyodon spathula), a species of concern, is found in the Arkansas River and may be affected by reduced water levels in the river.

Bayou Bartholomew has not been extensively surveyed for freshwater mussels.  The endangered pink mucket (Lampsilis abrupta) occurs in Bayou Bartholomew in Louisiana, and may be present in the Arkansas portion of the stream.  The threatened Arkansas fatmucket (Lampsilis powelli), and the proposed endangered scaleshell (Leptodea leptodon) occur in the Ouachita River drainage and could be found in this stream.  Surveys are necessary to determine the presence of freshwater mussel beds and endangered species in this river, as well as in the Boeuf River.  If endangered mussels are present, they could be affected by channelization, increased turbidity, and the introduction of zebra mussels to the system.

DESCRIPTION OF PROPOSED PROJECTtc \l1 "DESCRIPTION OF PROPOSED PROJECT
Agricultural water supply, flooding concerns, and environmental problems are the major issues that will be addressed by the BTBSAFS.  The project objective is to provide a plan to protect and conserve groundwater resources, reduce flood damage, and restore environmental resources in the project area.  As this project is still in the scoping phase, studies that will address problems and opportunities in the area are currently being formulated and developed.  Although the Reconnaissance Report (Corps 1991) identified a selected plan, we would like to see a reevaluation of alternatives.  The following are descriptions of the potential project features based on data and information obtained to date.

Water Conservation Alternativestc \l2 "Water Conservation Alternatives
Integral to any effective irrigation project is the implementation of on-farm conservation measures that would more efficiently use available water.  Measures include improved water delivery techniques, additional on-farm water storage systems, and tailwater recovery systems.  Without any further project work, these measures are projected to increase efficiency by 14.1 percent (Corps 1991).

Enrolling cropland in the Wetlands Reserve Program (WRP) and Conservation Reserve Program (CRP) would simultaneously reduce flood damage and the demand for irrigation water, as well as restore wetlands and riparian areas.  The restoration of these areas would meet the three stated project purposes of groundwater conservation, flood damage reduction, and environmental restoration.

Structural Alternativestc \l2 "Structural Alternatives
To provide more water to the project area, three potential sources have been identified: reservoirs west of Bayou Bartholomew, the Mississippi River, and the Arkansas River.  The high costs of constructing reservoirs and importing water from the Mississippi River has caused the importation of water from the Arkansas River to be the most viable alternative of those identified.  Several pump stations, siphons, dams, and weirs will be constructed to allow water to pass into new and existing channels and streams to deliver water into the project area.  One of these siphons will direct water into Canals 43 and 81, which flow into Lake Chicot.  Currently, overflow water is diverted from these canals into the Mississippi River to improve water quality in Lake Chicot, and it is unclear whether this would still occur if the project was implemented, or if new channels would divert the water further into the project area.  Approximately 136 miles of new or enlarged channels will be constructed in association with the primary delivery system.  Additionally, a secondary delivery system has been designed that would consist of 75 lateral channels and 8 sublateral channels that would deliver water within one mile of each farm.  This system would contain 19.7 miles of new channels and 626.7 miles of existing open channels.  Channels will be enlarged to increase capacity to allow for the additional water supply flow.  Approximately 4.5 million cubic yards of excavation would be necessary to enlarge these channels.  Numerous relifts and approximately 246 miles of pipelines would deliver water from channels to the on-farm delivery systems.  Nearly 280,000 acres of cropland would be landleveled to allow uniform application of water.  About 985 tailwater recovery systems would be installed on appropriate farms, and 670 on-farm irrigation reservoirs would be constructed.

Although the above plan was selected during the reconnaissance phase of the project, several other structural alternatives will be evaluated during the feasibility phase.  These include additional import points along the Arkansas River, an import point on the Mississippi River, upland reservoirs west of Bayou Bartholomew, and various unspecified flood control alternatives.

Environmental Featurestc \l2 "Environmental Features
One of the stated project purposes is to restore various environmental features in the project area.  Measures will be designed into the proposed project for the creation and restoration of wetlands and fish and wildlife habitat.  Opportunities for environmental enhancement consist of restoring dwindling bottomland hardwood wetland areas, improving the productivity of area streams and oxbow lakes, and increasing wintering waterfowl habitat.  Marginal cropland can be enrolled in WRP and CRP.  Additionally, several features of the project can be designed with fish and wildlife habitat features.  For example, irrigation reservoirs with undulating or sloping bottoms provide habitat for shorebirds when levels are drawn down.  Mounds within reservoirs provide waterfowl nesting habitat, and flooding agricultural fields in the winter affords additional resting and feeding habitat.

FISH AND WILDLIFE RESOURCE CONCERNStc \l1 "FISH AND WILDLIFE RESOURCE CONCERNS
Bottomland hardwood wetlands historically dominated the project area.  Wetlands such as these provide food, shelter, and breeding habitat for numerous species of wildlife.  In addition, they trap sediments, filter contaminants, and recharge groundwater.  Unfortunately, about 90 percent of the wetlands in the project area have been cleared or filled, mostly for agricultural purposes (Inmon 1990).  The relatively recent scarcity of wetlands has resulted in the increased value of the remaining wetlands.  Even small wetland tracts are presently highly valuable as corridors and refuges for the declining numbers of wildlife in the area.  Fish and wildlife habitat in the project area must be conserved in order to protect resident and migratory wildlife species.

Agricultural Practicestc \l2 "Agricultural Practices
A primary goal of the BTBSAFS is to determine a feasible plan to provide irrigation water to the project area while maintaining the aquifer at its present level.  At present, 68 percent of cropland in the project area is irrigated.  It is possible that once surface irrigation water is available, this percentage will rise to nearly 100 percent.  The selected plan must be one that is sustainable long term and is not simply a temporary solution.  This project must not promote additional land clearing for agriculture.  Reducing the demand for water must be integrated into the project plan such that this project results in a reasonable, permanent solution.

Much of the farmland in the project area directly adjoins streams and canals, with little or no buffer between the stream and the cropland.  The lack of stream buffers and riparian areas has led to streambank erosion and channel siltation.  Silt is lethal to many freshwater species, particularly freshwater mussels (Box and Mossa 1999), and has become a chronic problem in the area.  This problem is exacerbated by poor soil conservation practices on cleared land, which has resulted in sheet erosion, elevated turbidity levels, and runoff of agricultural chemicals (Inmon 1990).  Elevated nutrient levels occur simultaneously with increased sediment transport.

Best Management Practices (BMPs) have been designed for agricultural practices that reduce sediment transport and deposition and can increase water quality in adjacent streams.  These BMPs include minimum tilling, buffer strips, and strip cropping, among others.  Riparian areas can be reforested through WRP or CRP.  Implementing BMPs throughout the project area could substantially reduce impacts to streams and other waterways.

Floodingtc \l2 "Flooding
Because of the low gradient within the project area, heavy rainfall can result in flooding that does not recede quickly.  Four areas within the project boundaries experience fairly regular flood events: the urban areas of McGehee, Dumas, and Gould, and an agricultural area along Bayou Bartholomew (Corps 1991).  These flood damage problems have resulted from locating agriculture or urban development within active floodplains in conjunction with wetland and riparian clearing and landleveling.  Cleared land allows overland flow to occur unobstructed, and landleveling removes natural breaks that would otherwise provide flood protection.  In other cases, the levees installed around landleveled fields fragment the floodplain, causing flood damage to be exacerbated in other areas.  These factors have caused flood damage to be more severe than it would be otherwise.

This project should include measures to remove structures from the two year floodplain.  At best, flood control projects have had mixed results and tend to foster overconfidence in the landowners that are “protected” by the project.  When floods occur after a flood control project has been put in place, damage is usually more severe because landowners in the floodplain had believed they were safe from floods.  Many flood control projects cannot provide the level of protection necessary to economically sustain agriculture or residential areas.  Due to the high cost of flood relief; the environmental cost of flood control projects; and the benefits of restoring riparian areas, wetlands, and woodlots, landowners in flood prone land should be encouraged through this project to reforest holdings in the two year floodplain.  If this high frequency floodplain is reforested, it would provide high quality fish spawning habitat.  Because this land typically is poor cropland, managing for timber and wildlife could prove more profitable.  The reforestation alternative reduces potential flood damage and irrigation water demand, and protects valuable fish spawning habitat.

Environmental Restorationtc \l2 "Environmental Restoration
As discussed above, the study area has been altered significantly due to land clearing, channelization of rivers, and wetland loss.  This project provides the opportunity to restore many resources in the area and remediate various problems.

Stream Habitattc \l3 "Stream Habitat
Streams in the area experience extremely low flows in the summer due to lack of rainfall, increased transpiration and evaporation, and excessive withdrawals for irrigation.  This results in reduced instream habitat quantity as well as reduced habitat quality, as discussed above.  Aquatic systems in the project area have been heavily impacted, and through this project, steps should be taken to reverse the continuing degradation.  Minimum flows can be developed to provide adequate habitat for aquatic species, riparian areas can be reforested, and wetlands can be restored.

Contaminantstc \l3 "Contaminants
The substrate in Bayou Bartholomew contains mercury in the lower reaches of the stream (Bayou Bartholomew Alliance 1996).  Bayou Bartholomew in Ashley County has a fish consumption advisory.  Work that resuspends sediment in that area could increase biologically available mercury levels.   Sodium concentrations in the groundwater have affected Bayou Bartholomew, the Boeuf River, and Big Bayou.  The higher concentrations in the rivers likely resulted from the use of groundwater with high sodium concentrations for irrigation, which then entered the streams as runoff.  This is likely the case in the Arkansas River, as well, which has been observed to have slightly increased salinity levels during high flows (Reed Green, USGS, unpublished data).

Zebra musselstc \l3 "Zebra mussels
Zebra mussels (Dreissena polymorpha) have caused many problems in several river systems, and they have been introduced into the Arkansas River.  These non-native mussels are prolific and colonize new waterways rapidly.  They attach to any available stable surface, including native mussels.  When attached to native mussels, zebra mussels can cause suffocation or starvation, as they filter the water before it reaches the native mussel.  Native freshwater mussels in these waterways have been highly affected by human activities, and the addition of zebra mussels to the system would likely extirpate them from any areas they currently occupy.  There must be extensive analysis to determine if the introduction of this highly detrimental species to new systems would cause the further range reduction of native mussels, as well as the impacts to structures and equipment.  If the analysis indicates zebra mussel introduction would cause detrimental impacts, preventive measures must be taken before any Arkansas River diversion begins. 

Bird Habitattc \l3 "Bird Habitat
Migrating and wintering waterfowl rely heavily on wetlands for resting and feeding habitat.  The wetlands that currently exist in the project area provide habitat for waterfowl such as northern pintail (Anas acuta), blue- and green-winged teal (A. discors and A. crecca), gadwall (A. strepra), American wigeon (A. americana), canvasback (Aythya valisineria), ring-necked duck (Aythya collaris), snow goose (Chen caerulescens), and Canada goose (Branta canadensis).  In addition, these wetlands provide important breeding habitat for wood duck (Aix sponsa) and hooded merganser (Lophodytes cucullatus).  Unfortunately, this habitat has become fairly scarce within the project area, as much of the wetlands have been converted to agricultural use.  To partially compensate for the lack of wetland habitat, marsh habitat can be simulated by holding water on rice fields during the winter to provide feeding and resting areas.

Several measures can be taken as a part of this project that would improve habitat for migratory birds including waterfowl, shorebirds, and neotropical migrants.  Bottomland hardwood reforestation would increase breeding, feeding, and resting habitat for both migratory and resident waterfowl, as well as for the many other species of fish and wildlife that depend upon them.  Although greentree reservoirs (GTRs) have been constructed within the project area by several hunting clubs to increase waterfowl habitat, GTRs should not be constructed as a part of this project.  In the short term, GTRs appear beneficial to waterfowl.  However, over time the plant species composition changes to more water tolerant species that are a less optimal food source, waterfowl use decreases, and forest integrity is irreversibly damaged.  Additionally, the construction of GTRs removes the flood storage capacity from the floodplain and can add to flood damage in the vicinity.

The Mississippi Alluvial Valley Migratory Bird Initiative (Mueller et al. 1999) has identified areas within Arkansas upon which reforestation efforts should be focused, and five of these areas fall within the BTBSAFS area: Oakwood NWR, Overflow NWR, Cutoff Creek WMA, Dermott, and Ashbrook (Figure 2).  Reforesting these areas would reduce fragmentation, which has been considered a cause of decline in several migratory bird species, and would create areas that may serve as source populations of forest breeding birds.  Furthermore, reforesting and widening buffer areas along streams, channels, canals, and lakes would provide additional habitat for birds and would create or enhance corridors used by many species of wildlife moving between areas.

Irrigation reservoirs, if located in upland or prior converted cropland, can be beneficial to shorebirds, especially if the reservoir bottoms are undulating or sloping.  By constructing the reservoirs in this manner, habitat is available for birds and fish when water is drawn down, as small pools of water remain.  Flat-bottomed reservoirs leave no pools and dry up quickly.

POTENTIAL IMPACTStc \l1 "POTENTIAL IMPACTS
As a specific plan has not been selected, the potential project impacts cannot be quantified at this time.  However, because the Reconnaissance Report (Corps 1991) identified a preferred plan, possible impacts to the fish and wildlife and terrestrial and aquatic habitat in the project area can be qualitatively discussed in this section.

Implementation of this project would result in the creation of new channels, excavation and/ or restoration of existing channels, and the importation of water from the Arkansas River.  Potential impacts from these actions include:

1. Introduction of zebra mussels into study area streams.

2. Change in fish species composition due to new channels connecting watersheds.

3. Removal of riparian vegetation/wildlife corridors during channel work, potentially resulting in further streambank instability.

4. Removal of instream habitat for aquatic organisms, including fish and mussels, from channelization, clearing, and weirs.

5. Reduction in stage, frequency, and duration of overbank flooding.

6. Increased flows during the summer.

7. Increased mercury contamination.

8. Wetland losses from channel modification, landleveling, or location of irrigation reservoirs and tailwater recovery systems.

9. Decreased flows in the Arkansas River, its tributaries, and lakes, resulting in impacts to fish and wildlife populations and adjacent wetlands.

If the final project plans include diverting water from the Arkansas River to existing streams and canals, the non-native zebra mussel will likely be spread throughout streams in the project area.  Zebra mussels impact aquatic systems in several ways.  First, they colonize nearly every available stable surface, thereby reducing benthic habitat for native mussels and other species.  Additionally, they attach to native mussels and can quickly cause suffocation and starvation of these mussels, as they remove all food and oxygen from the water before it reaches the native mussel.  Furthermore, larval zebra mussels do not require hosts for transformation to the juvenile stage, and therefore are more prolific breeders than native mussels.  This life history trait allows them to colonize rapidly.  In some ecosystems, the sheer numbers of zebra mussels has caused the food web dynamics to shift from a system based on plankton and other pelagic food items, to a system based on benthic species, such as zebra mussels (Carpenter et al. 1985).  In that case, pelagic feeding fish populations drop, and benthic feeding fish populations increase.  The introduction of zebra mussels into systems that were heretofore refuges from this nonnative species should not be facilitated knowingly by the federal government.  Furthermore, Executive Order 13112 (Appendix A) on invasive species prevents federal agencies from implementing actions that will promote the introduction of invasive species without a public determination that the action’s benefits outweigh the costs.  Millions of dollars have been spent researching means of eradicating this highly invasive, detrimental species.  It would be inconsistent for the federal government to expend resources eradicating zebra mussels while at the same time facilitating their introduction into new ecosystems.

According to the plan outlined in the Reconnaissance Report (Corps 1991), water will be transferred between the Arkansas River, Boeuf River, Bayou Macon, and Bayou Bartholomew through new channels and diversion structures.  Canals and new channels are readily colonized by many species (Allan 1995).  Opening these watersheds to one another will change the distribution of fish, mussels, and other species, allowing species not found in a particular watershed to colonize new areas.  This exchange of species could have several severe impacts upon the aquatic species inhabiting these drainages.  First, the introduction of new species into previously unoccupied watersheds likely would result in competition for niches, which potentially would cause native species to be extirpated from various areas.  Additionally, genetic exchange could change drastically.  Populations that had been separated previously suddenly will be able to interbreed.  For example, Bayou Bartholomew and the Boeuf River both lie within the Ouachita River watershed.  The portions of both rivers within the project area presently are separated by hundreds of river miles and several formidable habitat obstacles.  However, once these reaches are connected through canals, channels, and pipelines, populations of various aquatic species will be able to interbreed.  Genetic variation between the populations will be lost, as will rare alleles.  Crossing of genetically dissimilar populations can give rise to poor fitness in the resulting generations (Waldman and McKinnan 1993), and this outbreeding depression could affect a significant number of species.  Bayou Bartholomew is a less degraded stream than the Boeuf River and represents an ecotone between the Ouachita Mountains and the alluvial plain (B. Layher, Bayou Bartholomew Alliance, pers. com.).  Species within that system probably have different local adaptations than those in the Boeuf River, which is highly degraded and channelized.  Individuals in these streams may be locally adapted for the conditions present.  The hybridization of the two populations may result in individuals that are ill suited for either habitat.  Additional scenarios include hybrid vigor, in which the offspring of individuals from the previously isolated populations are more genetically fit than either parent, due to masking of deleterious recessive alleles; or there may be little or no effect on the genetic diversity of all populations involved (E. Hallerman, Virginia Tech, pers. com.).  Information must be gathered on between-population differences in phenotypes, life history traits, and other factors in order to determine if outbreeding depression, hybrid vigor, or neither may occur.  If water is to be diverted between drainages, life history traits of selected representative species must first be examined to determine if detrimental effects may occur.

Removing streamside vegetation during channel work probably will result in further streambank instability and lost filtering capacity of runoff from adjacent fields.  The stream channels would lose shade and temperatures would increase, possibly to the detriment of species inhabiting the streams.  There would be a reduction in allochthonous material that, combined with reduced shading and increased nutrient runoff, could cause the aquatic community to shift as aquatic plant biomass increases (Allan 1995).  Energy flow in stream ecosystems is typically driven by leaf litter, woody debris, and other material that falls into the stream from riparian vegetation.  Aquatic macroinvertebrates then feed upon this organic material and form the base of the food web.  However, when high levels of sediments and nutrients enter an unshaded stream, plant and algal production occurs at much higher rate.  Because the streamside vegetation has been removed, input of detritus decreases, and those species that feed upon algae and plants are favored in this new, altered environment, rather than those that feed upon detrital matter.  Dissolved oxygen levels tend to decrease due to increased temperatures and algae levels.  Biodiversity decreases, as there are relatively few species that can survive these conditions.

Channelization causes many severe impacts to aquatic ecosystems.  Suspended sediment levels escalate from channel work and the ensuing increased water velocity, which results in elevated bedload.  The increased velocities in the streams, regardless of the associated sedimentation rates, may cause the habitat that remains to be unsuitable.  Streams with natural channel morphologies suffer less bank erosion and export fewer sediments (Allan 1995).  Habitat is lost in channelized streams, as the stream becomes physically uniform over the landscape.  In addition to habitat loss, channel maintenance continually disrupts the little habitat left.  Furthermore, the construction of weirs in existing streams reduces available habitat for benthic species, which often need relatively high dissolved oxygen levels.  Weirs are intended to pool water, which increases temperatures, reduces dissolved oxygen levels, and changes species communities. 

This project aims to control flooding of streams and rivers within the area.  The reduction in frequency, stage, and duration of overbank flow will further sever the streams from their floodplains.  Wetlands in the area have been shaped by seasonal flooding, which has been curtailed since channelization and drainage measures have been implemented.  Reducing floods will decrease the inflow of organic material into the streams from adjacent land.  In combination with the loss of streamside vegetation, very little detrital matter is likely to enter any of the project streams.  Instead, nutrient runoff from adjacent fields increases, which causes algal biomass to increase.  The stream that once relied on detrital matter as the base of the food web shifts to one that relies on algae and other plant material.  Other effects of reduction of flooded area include impacting fish spawning areas, as many fish use flooded habitat, and decreasing waterfowl feeding habitat.

Wetland losses associated with this project are likely to be significant.  Overbank flow reduction and channelization likely will alter the hydrology of nearby wetlands.  Furthermore, additional wetland losses will occur if on-farm features, such as irrigation reservoirs, canals, and tailwater recovery systems, are located in wetlands.  As previously stated, approximately 90 percent of the wetlands in the project area have been lost.  Consequently, the remaining wetlands have become considerably more valuable to the species dependant upon them.  Wetland impacts from this project must be avoided, and care must be taken to construct new channels in non-wetland areas.

Landleveling tends to alter the landscape permanently and is unregulated.  Approximately 280,000 acres are planned to be landleveled in association with this project to increase irrigation efficiency and improve surface drainage.  If farmed wetlands are leveled, they lose their wetland functions and values.  Farmed wetlands provide important habitat for migratory waterfowl and shorebirds.  When these wetlands are filled by landleveling, wetland functions and values are lost entirely.  Additionally, when levees or berms are constructed around leveled fields, these fields are cut off hydrologically from the watershed.  Fragmented watersheds are less able to provide wetland functions that are dependent upon connectivity to groundwater, rivers, and other wetlands.  Landleveling also disrupts groundwater recharge by altering the composition of the soil horizons.  When applied to landleveled fields, water does not percolate into the soil.  Any landleveling of farmed wetlands that occurs in association with this project should be mitigated.

The Arkansas River has been targeted as the water source for this project.  Currently, this river is the water source for the Plum Bayou Irrigation Project and Point Remove Irrigation District, and plans for the Grand Prairie Area Demonstration Project and Bayou Meto Basin General Reevaluation Project include possibly diverting water from the Arkansas River, as well.  If this stream supplies water to the entire critical groundwater region in eastern Arkansas, there will be severe effects.  Water levels will be reduced, thereby reducing the amount of available habitat in pools and changing the remaining habitat.  The paddlefish, a species of concern, inhabits this river, and the endangered interior least tern nests on sandbars.  Water diversions should be designed to not adversely impact these species. The remaining habitat could be affected by reduced velocity and bedload, which will likely increase siltation.  Additionally, tributaries and oxbow lakes could be affected by reduced flows in the Arkansas River.  Impacts to this stream should be examined cumulatively, relative to all of the irrigation projects that will affect the river.

DISCUSSIONtc \l1 "DISCUSSION
There has been an identified need to relieve irrigation pressures on groundwater resources, and it has been widely assumed that the solution will be to obtain off site irrigation water.  However, this solution could lead to more cropland in the area being irrigated, which will then cause an additional water shortage in the future.  The demand for water in the Arkansas portion of the Mississippi alluvial plain has become so high that streams in the area nearly run dry in the summer months.  All water that can be removed is removed.  When more water is available, it follows that this will continue until 100 percent of the cropland in the basin is irrigated, as is the case in Plum Bayou, an irrigation project that was completed in 1995.  The obvious solution to the water shortage is to reduce the demand for water by enrolling cropland in WRP and CRP and/or converting more cropland to dry-land farming.  Additionally, approximately 14 percent of the water needs in the area are projected to be met by improving the efficiency of current water delivery systems.  Water conservation and on-farm storage should be integral parts of the solution to the water shortages in the basin.

Preliminary plans indicate that Bayou Bartholomew will be affected by the implementation of a water delivery system.  As previously stated, Bayou Bartholomew is one of the few unchannelized streams in the Arkansas portion of the Mississippi alluvial plain.  As a result, the fish fauna inhabiting the bayou represent twice the diversity of other alluvial plain streams.  The freshwater mussel fauna have not been investigated in the Arkansas segment, but they could be considerable.  Mussel surveys should be conducted in the bayou to locate endangered species and productive mussel beds.  Additionally, there are several opportunities for restoration of Bayou Bartholomew.  There have been reports of chemical barrels in the stream.  These should be identified and the extent of contamination investigated so as to improve water quality for fish, wildlife, and irrigation.

Life history and/or genetic data should be gathered on fish populations in the different river basins that will be connected by channels.  It is necessary to determine the type and magnitude of the effect that linking these basins will have on the faunal populations.  Life history traits of selected representative species should be examined before water is transferred between basins to determine potential effects.

On-farm features of this project will relieve much irrigation pressure on the groundwater in the region.  Irrigation reservoirs, if properly designed, can provide habitat for fish and wildlife with little environmental impact.  However, these reservoirs, tailwater recovery systems, and canals should not be located in wetlands.  Often, because farmers are not inclined to sacrifice profitable cropland on which to construct these features, initial plans include siting features in wetlands.  This should be discouraged, as wetlands have become extremely scarce in this region.  Wildlife presently have very little habitat, and the areas that remain should be conserved in order to lessen the impacts of this project on natural resources.  Those features that are sited in wetlands should not receive federal funding for construction or mitigation of impacts.  Reservoirs that are sited in cropland can aid the purposes of this project in several ways.  First, wetlands in the area are conserved and the habitat values in these areas remains intact.  Furthermore, irrigation reservoirs designed with habitat features such as sloping or undulating bottoms, islands, and submerged structures will increase available habitat.  Constructing irrigation reservoirs in cropland removes acres from production, which lessens the demand for water in the area.  Finally, these reservoirs provide supplemental water to the farms without impacting groundwater resources.

To improve habitat and water quality and provide additional terrestrial habitat in the area, vegetated buffer strips should be included on all stream reaches and channels.  These riparian areas filter nutrient and sediment runoff, improve water quality, mediate stream temperatures, reduce flood damage, and provide terrestrial habitat corridors. To preserve the aquatic habitat present, channel work should avoid impacting natural streams.  Old drainage ditches and canals should be the focus of water transport, rather than intact streams.  Furthermore, through this project it may be possible to restore several old, bypassed natural channels that were cutoff when ditches were created.

Many of the streams and rivers in the study area run dry during the summer months, when water extraction rates are high due to low rainfall.  This project could allow for minimum flows to be set on these streams to increase the available habitat during the summer months.  Studies should also be conducted to ensure that the cumulative impact of the irrigation projects in Arkansas does not harm the species inhabiting this river.  Furthermore, the extent of saltwater contamination in the Arkansas River should be investigated to determine the potential effects of its diversion into the study area.

Numerous species of shorebirds and waterfowl migrate from Arctic breeding grounds to Central and South American wintering grounds.  The Boeuf-Tensas Basin falls within this major migration corridor.  To migrate successfully, these birds require highly productive feeding areas along the route for foraging and resting to replenish fat reserves.  During the fall and winter, flooded rice fields and fallow fields provide habitat for these migrating birds.  These habitat features can be built into the project design for environmental enhancement.

RECOMMENDATIONStc \l1 "RECOMMENDATIONS
To incorporate fish and wildlife concerns, the Service offers the following recommendations:

1. Investigate nonstructural alternatives to alleviate irrigation pressure on groundwater, such as reducing demand by enrolling cropland in WRP and CRP.

2. Investigate reliability of Arkansas River to provide water for all projects.

3. To reduce flood damage, remove structures from and reforest the two year floodplain.

4. Increase the number, width, and length of riparian and other corridors within the area.

5. Improve efficiency of current water delivery systems.

6. Investigate the impacts of zebra mussel introductions into project area streams, and explore methods to prevent its translocation.

7. Collect data on life histories and/or genetics of faunal populations in the river basins that are to be connected by channels to determine the effects of linking these systems on aquatic species.

8. Investigate and remediate contaminant problems in study area streams, including discarded chemical barrels and mercury.

9. Conduct mussel surveys on Bayou Bartholomew to identify mussel beds and endangered species locations.

10. Restore Bayou Bartholomew by reforesting riparian areas.

11. Prevent the channelization and/or degradation of Bayou Bartholomew and other study area streams.

12. Restore natural channels, their riparian areas, hydrologic flows, water quality, and fisheries in the project area.

13. Reduce salinity levels in study area streams.

14. Prevent additional clearing of land for agriculture.

15. Locate on-farm features, such as irrigation reservoirs, tailwater recovery systems, and canals on upland or prior converted cropland to avoid wetland losses.

16. Include habitat features in the design of irrigation reservoirs, such as sloped or undulating bottoms, islands, and submerged structures.

17. Avoid channel work in natural streams, and reforest riparian areas along all study area reaches to improve water and habitat quality for fish and wildlife.

18. Avoid clearing habitat for endangered species such as the bald eagle, red-cockaded woodpecker, and geocarpon, and coordinate with the Service to ensure these species are not affected.

19. Determine minimum flows for all streams within the project area, including the Arkansas River, to protect aquatic fauna.

20. Implement Best Management Practices (BMPs) on all agricultural land in the area as part of the project design.

21. Protect and increase the amount of forested and herbaceous wetlands in the project area, especially in Bird Conservation Areas identified by the Mississippi Alluvial Valley Migratory Bird Initiative.

22. Increase wintering waterfowl habitat in the area by flooding rice fields and allowing feeding on fallow fields.

23. Determine the extent of saltwater contamination in the Arkansas River and the potential effects of its diversion into the Boeuf-Tensas basin.

24. Minimize the planned acres to be landleveled.  Any landleveling that occurs in farmed wetlands should be mitigated.

25. Prevent further depletion of groundwater resources.

FISH AND WILDLIFE COORDINATION ACT ACTIVITIES FOR

THE FEASIBILITY PHASEtc \l1 "FISH AND WILDLIFE COORDINATION ACT ACTIVITIES FORTHE FEASIBILITY PHASE
During the feasibility phase of the study, the Service will be involved in the terrestrial and aquatic Habitat Evaluation Procedures (HEP) studies.  The Service will be responsible for preparing a Fish and Wildlife Coordination Act (FWCA) report as required by Section 2(b) of the Act.  The report will evaluate alternative plans in detail and recommend measures to conserve fish and wildlife resources.  In addition, we will prepare a waterfowl impact analysis for the proposed study area.  The Service will participate in interdisciplinary planning team meetings and coordinate with AGFC and other state agencies to incorporate their concerns into the report.  We will also attend public meetings pertaining to the BTBSAFS.

To fulfill Service obligations under FWCA and to fully evaluate each alternative developed, the following information should be developed and supplied to us during the feasibility phase:

1. The total amount of all types of wetlands in the project area.

2. Specific descriptions of project features such as pumps, weirs, and dams, as well as waterways to be used and projected modifications that may be made to them.  This information should include clearing, channel modifications, and all other work.

3. Average annual seasonal acres flooded by crop and land use during November through March, and projected flooded acres once the project is implemented.

4. The estimated amount and location of riparian habitat that would be removed during any channel work.

5. The results of all fish, wildlife, contaminants, and habitat studies, including HEP studies.

6. The Service will need transfer funding to cover all FWCA activities.

SUMMARY OF FINDINGS AND SERVICE POSITIONtc \l1 "SUMMARY OF FINDINGS AND SERVICE POSITION
Due to the preliminary nature of the BTBSAFS, the Service has not been able to analyze the full scope of the proposal.  Therefore, we have not developed a position on the project at this time.  The concerns, conservation methods, objectives, and recommendations identified in this report should be considered in future project planning.
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