


















































































































































































































































































































































A Review of the Statistical Methods Used in the FWS Biological Opinion and
. An Analysis of the 2000 - 2005 DNF Data

A. Dale Magoun, Ph.D.
Applied Research and Analysis, Inc.

Introduction. In their Biological Opinion, the U.S. Fish and Wildlife Service (FWS) took
exception to the conclusions about pondberry colonies in the Delta National Forest (DNF) as
they related to a proposed flood control project. The FWS exceptions focused on the lack of
randomization of the pondberry colonies, the study design, the transformations used and the
retrospective power interpretations as presented in the report. This report revisits the 2000
survey report as it relates to the concerns and recommendations of the FWS, and focuses on the
2000 study design, retrospective versus prospective power, the inclusion of the 2005 data for
additional analyses, FWS's issues pertaining to localized hydrology and colony health, and a
review of the statistical methods used by the FWS to support their findings in the Biological
Opinion.

Study Design. Observational studies arise in all facets of scientific research. Unlike their
counterpart, observational stusies focus on assessing the effects of intervention strategies with
data collected by a sampling plan that may violate some ofthe underlying concepts of.
randomization. An optimum study is a scientific study, which fixes or controls the experimental
conditions and employs randomization techniques to assign subjects to those conditions. Studies
that employ this type of control are considered to be "cause and effect" experiments. This ability
to control and to randomize permits the researcher to extrapolate of the findings of such a study
to a larger population. However, situations do exist where neither randomization nor physical
control of the experimental conditions can be fully achieved. Experiments with restrictions such

e • as these rely on quasi-experimental designs in order to study the effects of the experimental
conditions and are called observational studies. One major advantage of an observational study is
practicality in real-world settings. However, when making inferences about the fmdings of such
a study, caution must be taken and other alternative explanations that could also affect the
outcomes of the experiment must be considered. Inferences from a scientific study may imply
"cause and effect," however, inferences from an observational study becomes more of"an
association" rather than a "cause and effect." Observational studies arise in all areas science
including, but not limited to, clinical studies, psychological studies, and enviroumental studies.

The DNF 2000 survey is a prime example of an observational study in that the pondberry
colonies were not randomly selected, but were selected from known pondberry colonies within
the questioned flood frequency zones. The COE in their Biological Assessment used profile data
as evidence of an association, or for the absence thereof, between reduced flooding and
pondberry colony characteristics that assessed colony health and other related characteristics.
Pondberry colony health was assessed using the attributes of the number of stems per colony, the
number of clumps per colony, the number of females per colony and the number of fruit bearing
plants per colony. It is important to keep focused in our minds that the true experimental
condition, that is, the installation ofthe pumping station to lessen backwater conditions has not
been implemented; and that any study purporting to assess the effects of this unknown
experimental condition is truly observational and must rely on field data collected using the best
available scientific principles. This study was not designed as a population study within the
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DNF, but was designed only to consider the potential effects of altering the flood frequencies by
the proposed project on the pondberry colonies within the affected areas. The colonies were not
randomly selected. Hence, the study does not represent a scientific study, but an observational
study to evaluate the association ofpondberry colonies with flood frequency and to investigate
the effects that reduced flooding may have on pondberry colonies.

The 2000 survey data represented pondberry colonies in four flood frequency zones: 0 to
2 years, 2 to 5 years, 5 to 10 years, and greater than 10 years. The quasi-experimental design for
this field study stratified 49 colonies within one of four flood zones and the hypotheses of
interest were evaluated using a one-way analysis of variance (ANOVA). Biological studies
involving count data are always highly variable, as count data follows the Poisson distribution.
Theoretically, this implies that the variance will be linearly related to the mean. Thus, the larger
the counts the larger the variance. Data such as these must be transformed in order to meet the
assumptions of the ANOVA and to assess the hypotheses of interest. In the original treatment of
these data, the square root transformation was used to stabilize the variances among the
experimental groups. Another such transformation that will stabilize the variance is the common
logarithm transformation, 10glO(Y + 1). This transformation was recommended by the FWS and
is widely used in the literature, as is the square root transformation.

The analysis of the 20QO survey data using the square root transformation could-not reject
the null hypothesis of no differences in the mean biological attributes between the flood zone
strata. That is, the study inferred "one can conclude with a good degree of confidence that flood
frequency does not affect these characteristics, and if these characteristics are a good measure of
the health of the pondberry colonies, then the installation of the pumping station in the Yazoo
Backwater Area should not have any serious impacts on pondberry colonies." The analysis of
the attribute number of stems per colony was based on 43 colonies only. The FWS questioned
this as their records indicated that there should have been 49 colonies. A search of our records
cannot find any reason for the discrepancy, and hence, the new analyses are based on all 49
colonies. Using the recommended FWS transformation, as well as our original square root
transformation, still does not refute the conclusions of the 2000 data report. Table 1 below
shows the sununary of the F-tests for both transformations.

urvey ata my

Characteristics
Square Root Transformation Common LOi Transformation

F-Ratio P-Value F-Ratio P-Value
Number of Clumps 0.9645 0.4178 0.9016 0.4478
Number of Stems 1.3078 0.2835 1.4279 0.2471

Number of Dead Stems 1.7072 0.1790 2.7015 0.0567
Number of Females 0.7749 0.5142 0.8464 0.4758

Number Plants Bearing Fruit 0.6182 0.6068 0.6303 0.5993
Stem Height' 1.2016 0.3200 1.2016 0.3200

Average Stem Diameter' 0.6785 0.5698 0.6785 0.5698

Table 1
Sununary ofF-Test

2000 S DOl

1. No transformation need for this biological characteristic
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Another approach to the assessment of treatment effects is the use of nonparametric
procedures. Nonparametric procedures make no assumptions about distributions or variances;
and hence, can be used on the raw data. The Wilcoxon Rank Sum test is a nonparametric
equivalent to the one-way ANOVA, which makes use of the ranks of the data to assess shifts in
the underlying distributions. It is important to note, that if the original analyses were
performed using the Wilcoxon Rank Sums test, that the conclusions would not have changed.
The Chi-Square (X2

) test statistics and their associated p-values by attribute were number of
clumps( X2= 2.4143, p-value = 0.4910, number of stems (X2= 3.5678, p-value =0.3121),
number of dead stems (X2 = 6.7413, p-value = 0.0806), number of females (X2 = 2.6551, p-value
= 0.4479), number ofplants bearing fruit (X2 = 2.0210, p-value = 0.5681), stem height (X2=
3.9815, p-value = 0.2635), and average stem diameter (X2 = 2.2481, p-value = 0.5225),
respectively. Table 2 summarizes the Wilcoxon test for both the 2000 and the 2005 survey data.

Table 2
Wilcoxon Sum Rank Test

Characteristics
2000 Survey 2005 Survey

-.0-
-

Chi-Square P-Value Chi-Square P-Value
Number of Clumps __ 2.4143 0.4910 5.9789 _- 0.1126
Number of Stems 3.5678 0.3121 7.2091 0.0655

Number of Dead Stems 6.7413 0.0806 NA NA
Number of Females 2.6551 0.4479 10.6451 0.0138

Number of Fruit Bearing Plants 2.0210 0.5681 10.7712 0.0130
Stem Height' 3.9815 0.2635 3.9815 0.1172

Average Stem Diameter' 2.2481 0.5225 0.3439 0.9516

NA: Not Analyzed

The 2005 survey data exhibited mixed effects. Although the data indicated that reducing
flood frequencies did not significantly chan¥e the number clumps per colony ( X2 = 5.9789, p­
value = 0.1126), stem height per colony (X = 3.9815, p-value = 0.1172), and average stem
diameter per colony (X2 = 0.3439, p-value = 0.9516); significant differences were noted for the
number offemales (X2 = 10.6451, p-value = 0.0138) and number ofplants bearing fruit (X2 =
10.7712, p-value = 0.0130), both characteristics declined with decreased flood frequencies. The
remaining characteristic, number of stems (X2 = 7.2091, p-value = 0.0655), indicted borderline
significance and likewise exhibited lower mean values with decreased flood frequencies.

Power Calculations. The power calculations reported in the 2000 report were retrospective
power calculations. Calculating retrospective power at the actual sample size and estimated
effect size is somewhat non-informative and according to some authors, somewhat controversial
[Hoenig and Heisey, 200 I]. Retrospective power doesn't give any additional information to the
significance test, but rather shows the test in a different perspective. I believe, however, that
many studies fail due to an insufficient sample size needed to detect a meaningful effect size, and
that retrospective power studies provides a basis to better design future studies. As such, the
2000 survey data was used to estimate the power for a sample of size 49 to detect various effect-
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sizes. With the-sample size of 49, the effect sizewas changed to reflect the case where the sum
of squares of the hypothesis would be doubled, tripled, or quadrupled. With these parameters the
power of being able to detect this new effect size at the given alpha level and sample size was
computed along with the Least Significant Number (LSN) and the power of detecting the effect
size when N = LSN. Table 3 below displays the results of this analysis for the 2000 survey data.

Table 3
Retrospective and Prospective Power Calculations

Note: Common Log Transformation and Significance Level: 0.05

Characteristic Sigma N Effect Power LSN Power when
(RMSE) Size N=LSN

0.28 49 0.06390 0.22005 1 154 0.64260

Clumps
0.09037 0.41487 79 0.64251
0.11068 0.59103 54 0.64203
0.12780 0.72992 42 0.64774

0.72 49 0.21430 0.35712 1 92 0.64157

Stems - 0.50504 0.98535 50 0.63650-- 0.61855 0.99932 15 0.64006
0.71424 0.99998 15 0.67133

0.53 49 0.11950 0.21547' 158 0.64373

Females 0.16900 0.40575 81 0.64357
0.20698 0.57954 55 0.63994
0.23900 0.71839 43 0.64870

0.69 49 0.13630 0.17278 1 204 0.64218

Fruit
0.24435 0.49052 66 0.64003
0.29926 0.68080 46 0.64709
0.34556 0.81417 35 0.63810

7.2 49 1.95220 0.30032 1 110 0.64144

Stem Height
2.76083 0.56232 57 0.64092
3.38131 0.75670 40 0.64897
3.90440 0.87629 31 0.64738

0.17 49 0.03500 0.18478' 204 0.64144

Stem Diameter
0.04949 0.34279 66 0.64092
0.06062 0.49657 46 0.64897
0.07000 0.63034 35 0.64738

1. Retrospective Power

As can be seen from this table, the retrospective power ranges from a low of 0.17278 for stem
height to 0.35712 for number of stems. The LSN, the Least Significant Number, is the smallest
sample size needed to detect the given effect-size. Notice from Table 3, for the effect-size to
represent orders ofmagnitude changes the LSN are approaching the sample size selected for the
study, that is, the 49 colonies. Thus, when combining the 2000 and 2005 survey data, the sample
sizes of 49 for each year appears to provide enough replication for reasonable conclusions about
the hypotheses of interest.
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The retrospective power for these test, as -noted in the FWS Biological Opinion, are not as
high as the power calculations previously reported; however, now that the multiyear data surveys
have been completed, and the 2000 data set updated, new power calculations were warranted.

Repeated Measures Analysis. In 2005, the COE revisited the forty-nine (49) DNF pondberry
colonies and collected additional information about the health related attributes. Revisiting the
sites over time represents a longitudinal study and the data arising from such a study must be
analyzed using a repeated measures experimental design. In their Biological Opinion report, the
FWS recommended this approach as the appropriate method of analysis when combining the
multiyear data. The experimental units, the pondberry colonies, were sampled in 2000 and 2005.
The reuse ofthe same experimental unit over time forms the basis of the repeated measure and
the covariance structure that may exist should be accounted for. The repeated measures design
is characterized and displayed in Table 4.

Table 4
Repeated Measures Design

Flood Zone Colonies 2000 2005
oto 2 years - ~ 9 X X
2 to 5 years _- 23 X X
5 to 10 years 8 X X
> 10 years 9 X X

Analysis of such data must use the relaxed maximum likelihood method (REML) rather
than the traditional maximum likelihood method (ML). REML algorithms are available in most
statistical packages, and SAS 's PROC MIXED procedure, which is one of the algorithms of
choice for handling variance structures that arise from these complex designs, was used to
produce the analysis of variance results from this longitudinal observational study. Our analysis,
as with the analysis from the FWS report, used the common log transformation so that our
subsequent analyses would be consistent with that of the FWS. In 2005 there were three
colonies that exhibited no above ground pondberry characteristics. The FWS considered these as
extirpated and recorded zeros for the respective biological attributes. The COE feels that this
classification may not be appropriate, as there may be rhizomes from which the pondberry
colony may repopulate, however, my analysis followed the FWS lead and used zeros for these
missing data characteristics.

The repeated measures analysis did indicate that significant changes in the pondberry
characteristics OCCUlTed between the 2000 and 2005 sampling surveys; however, the data did not
support the FWS conclusion that the average pondberry colony size is greater on more frequently
flooded sites and that it declined significantly between 2000 and 2005 on less frequently flooded
sites. Sample year differences were present for the attributes ofnumber of clumps per colony (F
= 18.66, p-value < 0.0001), number of stems per colony (F = 6.69, p-value = 0.0130), number of
females plants per colony (F = 5.54, p-value = 0.0230), number offrnit per colony (F = 4.75, p­
value = 0.0346), average stem height per colony (F = 11.30, p-value = 0.0016), and the average
stem diameter per colony (F = 24.88, p-value < 0.0001), and in all cases the 2005 attribute
averages were significantly less than observed in 2000. However, since the interaction term
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between the maineffects of flood zone and sampling years (Zone*Year) was not significant, the
conclusions pertaining to sampling year differences are applicable regardless of which flood
zones the colonies are in, that is, regardless of the flood zone, the average pondberry
characteristics observed in 2005 were significantly less than observed in 2000. When
considering differences in pondberry characteristics within the four flood zones, the
corresponding F-values and their respective p-values were number of clumps (F = 1.21, p-value
0.3171), number of stems per colony (F = 2.35, p-value = 0.0847), number offemales (F = 1.12,
p-value = 0.3505), number of fruit (F = 1.33, p-value = 0.2774), average stem height (F = 2.10,
p-value = 0.1132), and average stem diameter (F = 0.53, p-value = 0.664'0). As is readily
observed, none of the F-tests are significant at the standard alpha level of 0.05; however, if this
significance level is relaxed to an alpha level of 0.10, then one could conclude that the number of
stems per colony appears to be decreasing as flood frequencies increases. Table 5 summarizes
the test statistics for the above conclusions. The individual analyses ofthese data are given in
Appendix L

eoeate easures
(;haracteristic 8t:li:lice Num-DF Den-DF F-Value P-Value

Zone 3 45 1.21 -- 0.3171
Clumps Year 1 45 18.66 < 0.0001

Zone*Year 3 45 1.86 0.1491
Zone 3 45 2.35 0.0847

Stems Year 1 45 6.69 0.0130
Zone*Year 3 45 0.71 0.5529

Zone 3 45 1.12 0.3505
Females Year 1 45 5.54 0.0230

Zone*Year 3 45 1.63 0.1959
Zone 3 45 1.21 0.3186

Fruit Year 1 45 4.75 0.0346
Zone*Year 3 45 2.10 0.1132

Zone 3 45.2 2.10 0.1132
Stem Height Year 1 43.5 11.30 0.0016

Zone*Year 3 43.3 0.09 0.9647
Zone 3 42.7 0.53 0.6640

Stem Diameter Year 1 43 24.88 < 0.0001
Zone*Year 3 42.8 0.59 0.6319

Table 5
Analysis of Variance Results

R dM

Conclusion. With the addition of the new data collected in 2005 and the recommendation from
the FWS for using a repeated measures design, I find no evidence supporting the FWS claim that
increasing flood frequency promotes better or healthier pondberry colonies. The new analysis,
which includes the 2005 survey data, concludes as with the 2000 survey report that decreased
flooding does not appear to significantly impact the colonies surveyed in the DNF; however,
there was a significant change in the biological characteristics between the two sampling years,
2000 to 2005. These changes were observed across all four (4) flood zones strata and are not
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limited to only-the zones associated with less frequent flooding, as indicated in the Biological
Opinion of the FWS.

To provide more insight into the distribution of the colonies across zone, Discriminant
analysis was used to group the colonies into more biologically homogeneous groups, that is,
colonies were clustered based on their biological characteristic and not on a given flood zone
characteristic. Table 6 below displays the results of this analysis. The salient point of this
analysis is the distribution ofpondberry colonies over flood zones within the homogenous
biological groupings, that is, of the twelve colonies in homogeneous group 1 in 2000; four
colonies came from flood zone 1, six from flood zone 2 and two from flood zone 3. Of the
thirteen colonies in group 2, one came from zone 1, eight from zone 2, 1 from zone 3 and three
from zone 4. Of the eleven colonies in group 3, three were from zone 1, three from zone 2, four
from zone 3 and one form zone 4. Ofthe thirteen colonies in group 4, one came from zone I, six
from zone 2, one from zone 3, and five from zone 4. Similar distributions were can be observed
for the 2005 data set. The results displayed in this table implies that pondberry colonies with
similar biological characteristics exist across all flood zones, that is, healthy and vibrant
pondberry colonies as well as non-healthy and less vibrant colonies are not restricted to any
given flood zone, but can be found in all flood zones.

Table 6
Discriminant Analysis

Flood Predicted Grouping (2000) Total Predicted Groupint (2005)' Total
Zone 1 2 3 4 I 2 3 4

I 4 I 3 I 9 5 I 1 1 8
2 6 8 3 6 23 2 12 3 6 23
3 2 I 4 I 8 0 I 4 3 8
4 0 3 I 5 9 0 0 3 4 7

Totals 12 13 11 13 49 7 14 11 14 46
1. The three extirpated colomes were eliminated from the analysis due to missmg data values for
the average stem diameters and stem heights.

Although, the FWS Biological Opinion provided a wealth of circumstantial evidence to
indicate otherwise, their conclusions did not refute the conclusions of the 2000 DNF report. On
page 68 of the FWS Biological Opinion, they state, "Our ANOVA, however, also was
statistically insignificant." In summary, I feel, as previously reported, that the data does not
provide enough evidence to indicate that decreased flood frequency adversely impacts the
biological characteristics of the surveyed pondberry colonies within the Yazoo backwater area of
theDNF.
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Fish lind Wildlife Biological Opinion Summary Points. The U.S. Fish and Wildlife Service's
Biological Opinion reported on the effects of flooding on pondberry colonies in the Delta
National Forrest (DNF) and cited the following four points in their summary:

e Pondberry is not absolutely restricted to depressions, and any substantial association with
depressions has not been scientifically demonstrated in terms oflocal hydrology or other
characteristics.

.. Average colony size is greater on more frequently flooded sites and pondberry has
declined significantly between 2000 and 2005 on less frequently flooded sites. Statistical
relationships are confounded in certain instances due to the design of the pondberry
profile survey;

e Pondberry at some currently infrequently flooded sites were historically flooded more
frequently prior to the completion ofpast flood control projects, and pondberry has
declined substantially at other sites where local hydrology is supposed to exist.

. .. The vast majority of colonies/sites rated as excellent and good health in 2000 declined
substantially by 2005.

The report continues to state, "The available evidence evaluated in the following sections mostly
is secondary, however, and is subject to uncertainty from a variety of factors. Furthermore, the
substantial decline in the number ofpondberry between 2000 and 2005 in the absence-of
frequent flooding does not support the premise of the existence of an adequate local hydrology
from rainfall in depressions." The FWS analysis and using the data from Tables 4 and 5 (page
108), I find these conclusions to be contrary to the information from which they were derived.
The referenced tables are:

Table 4. Change in total number of pondberry plants in permanent plots, Delta National Forest,
and plant density (0.25 m2 quadrants) between 1993 and 2006, with estimated average annual
change in number of plants.

N
Total Plants Average annual

Plot
(Quadrants) 1993 1994 2006

change, 1993-
2006

1 84 lD4 83 37 -0.0861
2 36 70 64 62 -O.OlDl
3 72 121 75 151 -0.0185
4 78 67 52 145 0.0643
5 100 134 87 56 -0.7027
6 36 28 12 17 -0.0416
7 110 78 91 124 0.0386
8 25 33 23 37 0.0095
9 36 67 42 175 0.0800

Total 702 529 804

According to the report, these plots were sampled during 1993 and 1994 and then
revisited in 2006. The data represents the total number of pondberry plants in these permanent
plots. These data, counts of number of plants, as with the other biological characteristics that
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will be considered in this summary, obey the assumptions associated with the Poisson
distribution. The layout design of these plots and the underlying distribution of these data
represent a longitudinal study which is also best described by the repeated measures design as
discussed previously. The analysis of these data can be done in one of several ways­
transforming the data so that the assumption of homogeneity of variances can be satisfied or by
using generalized linear modeling procedures where the underlying distribution is set to be the
Poisson. For consistency purposes, the data will be transformed using the log transformation and
analyzed using the mixed procedure as before. Levene's test for homogeneity of variances was
performed on the log-transformed data and was found to be not significant (F = 1.690, p-value =

0.1911), thus indicating that the log transformation did in fact stabilize the variances between
three sampling periods. The analyses to assess mean differences among the three sampling years
did not show any significant changes in the means as measured by the attribute number of stems
(F = 1.9123, p-value = 0.1900). The only significant difference was among the plots, a
difference that was anticipated since the number of quadrants in each plot was different. Plots
were considered as a blocking variable, and hence, of no importance in this analysis. Table 5 of
theFWS report represents a dichotomization ofthe plots (Table 4) into two groups - No Ponding
Site and Ponding Site. The data from their study was as follows:

Table 5. Total number of pondberry plants by year and site from nine permanent plots at a study
site (Colby) in the Delta National Forest.

Observed Number of Plants
Year Site

Totals
No-Pond Pond

1993 273 429 702
1994 213 316 529
2006 234 570 803

Totals 507 1315 2035

Considering this as a two-way table, the Chi-Squared "Goodness of Fit" test can be used
to address the independence ofrows (sampling years) and columns (sites). The results of this
test yielded a test statistics of23.150 with a p-value of <0.0001; which suggests that the.rows
and columns are not independent. A correspondence analysis of these data indicates that in 1993
and 1994 those colonies with the most stems were associated with the no-ponding sites.
However, the opposite was true in 2006 (see Figure 1 below). In 2006 the colonies with the most
stems were associated with the ponding sites. The FWS report did not emphasize this
relationship; instead, the report rationalized that the 2006 increase was an isolated event and
proceeded to discuss the failure of the no-ponding 2006 quadrants to return to the 1993 levels.

Between 2000 and 2006, the COE stated that no over bank flooding events occurred in
the DNF. Thus, for the colonies to survive as is indicated in the FWS Table 5 data, then local
hydrology must be considered as a factor in this survival. Since the 2006 plots (X2= 59.56, p­
value < 0.0001) produced significantly more stems than in 1993 and 1994, this suggests that
local hydrology also plays an important role for survival.
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Figure 1. Correspondence Plot
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Statistical Methods used in the FWS Biological Opinion.

The following sections considered some of the more relevant points of the Biological
Opinion and discusses the merit of each of the findings in the order of their presentation.

Table 4. Change in total number of pondberry plants in permanent plots.

FWS Biological Opinion - (Pages 36-37) "When these permanent plots were resampled in
2006, four of the eight colonies with a net loss in 1994 had not recovered to their 1993 level
(Table 4). A one-year decline of the number of plants in a colony was not, however, associated
with or an accurate predictor of a continued future decline. By 2006, the loss of plants in four
colonies was compensated by the increase in other colonies. The number of stems for all colonies
in 2006 was greater than in 1993, with an increase of 15 percent (Table 4). The changes from
1993 to 2006 changes, however, altered colony and potential population structure due to site
effects."

Comment: Table 4 summarized the Wilcoxon's Rank Sum test from quadrant data
measurements within a test plot. Without the actual data, verification of the Z scores and
their corresponding p-values cannot be checked; however, in order to simultaneous make
inferences pertaining to changes between 1993 and 2006, the significance level at the plot
level should be downsized to ensure an overall confidence level, say 95%. Since these
are independent plots, then the plot comparison alpha should be 0.0056. At this level the
overall confidence level would be at least 0.95. With this level of significance, only plots
I, 4 and 5 are significant; the remaining 6 plots produce nonsignificant z tests. Hence, 3
of the 9 plots show a significant decrease in the number of stems and 6 of the 9 plots do
not support this finding. If one treats these data as a randomized complete block design
and using the common log transformation, the F statistic for comparing among the three
years is 1.8857 with an associated p-value of 0.1839, which indicates no significant
differences in total plants among the three sampling years. The only significant
differences observed with these data are among plots, which would be expected since the
number of quadrants varies among plots.
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Table 5. Total number of pondberry plants by year and site from nine permanent plots at a
study site ill. DNF. Ho: change ill. number of plants independent of site.

FWS Biological Opinion - (Page 37) "The total number ofplants declined in the ~onded and
non-ponded colonies from 1993 to 1994, but independently of these site factors (X = 0.24, P =
0.62). By 2006, the number in the ponded sites had increased greater than the number in 1993,
but plants in the adjacent non-ponded areas had not recovered from the 1993 losses (Table 5).
Pondberry in or on the edge of two vernal pools increased at a greater proportionate rate than
pondberry in the non-ponded adjacent stands (Table 5, Xl=16.04, p = 0.00001). Even so,
individual colonies within each site responded differently. The net increase in plants from three
of the five ponded colonies exceeded the losses from the two declining colonies. In the non­
ponded area, the number of plants by 2006 in two of the four colonies surpassed the number
available in 1993, but the net increase was insufficient to compensate for the decline in the
remaining two colonies (Figure 3)."

Comment. Treating the data of the Table 5 as a 2 by 3 contingency table of the number
ofpondberry plants by site and year, the Chi-square "Goodness of Fit" test does indicate
that the number ofplants observed during the three sampling periods (1993,1994 and
2006) are not independent ofthe sites in which they are located (Xl = 23.150, p-value <
0.0001). The data indicated that there were more pondberry in the 2006-ponding sites
that what would have been expected if the rows and columns of the table were
independent. This was not the case of the non-ponding sites. In the non-ponding sites,
under the assumption of independence of rows and columns, there were more plants
observed than what would have been expected in 1993 and 1994 and fewer plants than
what would have been expected in 206. The FWS Biological Opinion documented
further stated on page 62 that there was no evidence to conclude that pondberry is
maintained in depressional ponds; however, it appears that their data contradicts this
statement. It appears that without ponding the number of plants did not return to their
1993 level, but with ponding they far exceeded their 1993 levels.

Table 9. Strands surveyed (acres) on Delta National Forest for pondberry, above and
below the L-year floodplain, and expected acres surveyed. Ho: Acres surveyed are.
proportionate to the total forest available above and below J-year floodplain.

FWS Biological Opinion - (Page 48) "According to the Corps (Appendix 14, pg. 14-16), about
60 percent of the DNF is below the l-year flood frequency, where about 24.4 percent of the
stands have been comprehensively surveyed by U.S. Forest Service staff and about 12.6 percent
of the known colonies are located. However, based on acres surveyed, the l-year floodplain has
been surveyed proportionately less than areas above the I-year flood frequency (Table 9)."

Comment. The author ofthe Biological Opinion was merely pointing out that more
acres in the above l-yr floodplain area was surveyed than in the below I-year floodplain
area. Stratification of survey areas places more emphasis on the area that will be most
affected by the proposed project.
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Table 10. Actual and expected values for acres of sands in DNF surveyed for pondberry
and number of pondberry colonies/sites, in wetlands (FEAT) and non-wetlands.

FWS Biological Opinion - (Page 48) "More wetland acres were surveyed than non-wetland,
reflecting the general trend that there exists more wetland overall in DNF (Table 10). The actual
wetland acreage surveyed, however, is less than what would be expected by an independent or
proportionate survey. Likewise, the actual wetlands that were not comprehensively surveyed are
less that what would be expected. The differences are not substantial. The acres of non­
wetlands surveyed (6,497) were about 12.0 percent greater than expected (5,796 acres), and the
surveyed wetlands (13,016) were 5.4 percent less than expected (13,757). Unsurveyed non­
wetlands (11,747 acres) were about 5.9 percent less."

Comment. Calculations appear to be correct. The implications of these findings are
unclear and may not be relevant to the study. According to the footnotes of the table,
jurisdictional wetlands are those located on or below the elevation of the 5 percent
duration backwater flood occurring once every two years on the average. If this is to
include the colonies located in flood frequencies of less than 3 years, then the study
would have at most l:HItes (flood frequency < 3.0). Also, as with the comment on Table
9, it appears to me thatmore emphasis would be placed on the non-wetland sites as this is
the area where one might expect the most impact of the project.

Tables 22-26. Comparison of pondberry colony health rating for 49 profiled (GSRC) sites, in
Delta National Forest, 2000 and 2005.

FWS Biological Opinion - (Pages 63-64) "The greatest change in colony health ratings
between 2000 and 2005 was in the excellent category (Table 22). In 2000, about 40 percent of
the colonies were rated excellent, which was reduced to 13 percent in 2005. This shift from
excellent to good health ratings increased the number and proportion of colonies in the good
category. There was no association between colony health classification rank and the rank
change in number of pondberry from 2000 to 2005 ...."

Comment. There is nothing wrong with the statistical procedure from which the FWS
founded their conclusions (logit analysis). However, it is paramount to note that the
technicians used in 2005 to rate health were not the same as in 2000. Since this is an
arbitrary rating technician differences are confounded with yearly differences. Thus, one
cannot conclude with any degree of confidence about the changes from one health
category to another. Additionally, I could not duplicate some of the entries given in
Tables 23, 24 and 25. According to our tabulations, Table 23 is as follows:
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Table 2:3 -' FWS tabulations in ()

Health Score Changes in Number of Plants Total
Increase (+) % Decrease(-) % Colonies

Excellent - 4 3 16.6 15 (16) 83.4 18
Good-3 5 (7) 23.8 16 (18) 76.2 21
Fair - 2 0 0.0 2 100.0 2
Poor-l 0 0.0 0 0.0 0
Total 8 (10) 12.2 33 (36) 87.8 41

Table 24 - FWS tabulations in ()

Health Score Chance in Number of Plants Total
> 10% +/- 10% < 10% Colonies

Excellent - 4 3 4 15 22
Good-3 5 4 (5) 16 (15) 25
Fair- 2 0 0 2 2
Poor-1 Jl- 0 0 0
Total 8 8 (9) 33 (36) 46

-

Table 25 - FWS tabulations in ( )

Health Score Number ofJ lants by year Percent Change
2000 2005

Excellent - 4 10,485 4,769 (5,296) -54.5 (-49.5)
Good-3 1,107 1,649 (1,349) 48.9 (21.9)

. Fair-2 156 240 (130) 53.4 (-16.7)
Poor 01 0 177 (0) 100.0 (0.0)

Tables 27 - 38. Repeated Measures

FWS Biological Opinion - (Pages 64-65) The FWS used a repeated measures experiment to
evaluated relationships between the performance of the pondberry colonies and flood
frequencies. In their analysis, the data were transformed using the common log transformation
prior to doing any computations that make up the body of an analysis of variance table. Doing
this should stabilize the within group variances, which is one of the most important assumptions
of this parametric statistical procedure. The FWS used the MIXED procedure from the
Statistical Analysis System (SAS) after establishing the rudimentary assumptions of
homogeneity of variances and normality after invoking the common log transformation. Their
analysis (reported on pages 64 and 65) is as follow: "Results revealed that the average colony
size (number of pondberry) was affected by both flood frequency (P=0.0847) and year
(P=0.0130). The mean number ofplants per colony declined between 2000 and 2005
(P=0.0130). Colonies also were significantly different depending on flood frequency. Colonies
on the 0-2 year floodplain were larger than colonies on the 11+ year floodplain (P = 0.095), but
not significantly different from those on the 305 and 6-10 year floodplain. Colonies on the 3-5
year floodplain were greater than those on the less frequently flooded 6-10 (P=0.083) and 11"
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year floodplain,(P=0.029). In 2005, the mean colony size differed significantly by flood
frequency (P=0.0444). Between years, colonies on the II+ year floodplain in 2005 were
significantly less than colonies in 2000."

Comment. The analysis performed by the FWS is appropriate. The layout of the design
in which colonies were visited on multiple occasions serves as the basis for the repeated
measures design and pointed out by the FWS, the data collected from these sites should
be correlated. Hence, a variance-covariance structure should be expected and accounted
for. The appropriate algorithm for this type of data is the relaxed maximum likelihood
method and is the basis for the MIXED procedure offered by the SAS system. This
procedure did show that differences were present between the sampling years of2000
and 2005 for the biological characteristics of number of clumps, number of stems,
number of female plants within the colony, and the number of fruit bearing plants within
the colony. In the FWS Biological Opinion report, the authors focused only on one of
these characteristics, number of stems, Their analysis and p-values are correctly
computed; however, they used a relaxed alpha level of 0.10 to formulate their inferences.
Relaxing alpha to 0.10 (in lieu of the standard 0.05) is at the discretion of the analyst and
establishes a larger rejection region for the hypotheses of interest. Alpha levels of 0.05 or
0.01 could have and~"been used in biological impact studies such as this. What is
import here is that the .interactionterm between floodplain and year is not significant.
The implication of this is that not only did the pondberry colonies decrease in the number
of plants between 2000 and 2005, the decrease occurred in each floodplain level.
Additionally, the authors chose to use the least significant difference (LSD) test to
delineate all possible pairwise differences. In doing so, the Bonferroni adjust should
have been made to the significance level and as with the analysis from Table 4 should
have been reduced so that the overall confidence level could remain at the 90 percent
level (alpha = 0.10). With the six comparisons the comparison level alpha should have
been set to 0.0167. This indicates that none of the reported pairwise comparisons for
number ofplants are significant. Additionally, the authors then decided to perform a one­
way analysis of variance of this characteristic for each year (Tables 32 and 37). These
analyses are redundant and should not have been done. Table 32 indicates a non­
significant F and hence the means present in Table 33 all for one homogeneous group.
Table 37 indicates that a difference in floodplain levels is present (F = 1.5529, p=0.045 I).
The mean separation for this set ofmeans indicates that level the number of plants
appears to be declining by the II+ year floodplain. This difference represents one
change from the conclusions ofthe repeated measures design and at the 0.10 level of
significance I change in 10 could have occurred at random. More importantly one
should not decompose the repeated measures design into the two one-way designs. The
main feature of the repeated measures is that it uses all 98 observations; whereas, the
individual one-way designs are only using 48 observations.

Table 30. Correlation coefficients and regression for number of pondberry colonies
during 2000 and 2005.

FWS Biological Opinion - Could not find where FWS interpreted the results of Table
30.
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Comment. While the correlation and regression coefficients presented in Table
30 indicate good relationships between the number of pondberry plants found in
2000 and 2005, a more beneficial use of these relationships would be an analysis
of covariance using the 2000 data as the covariate. The analysis using this
approach indicates that the slopes of the regression lines are homogeneous (F
=0.4327, p-value = 0.7370) and that the main effect of floodplain level is not
significant (F = 1.3922, p-value = 0.2588). This analysis supports the findings of
the previously discussed repeated measures design.

Tables 31 - 38. Summaries of Single Factor analysis of variance (2000 and 2005).

Comment. Analyses are correctly done using both the square root and common
log transformation on the raw data. This work, however, is redundant and should
not be interpreted along with the repeated measures analysis shown in Tables 27
and 28. See comments above.

Table 37. T-Test. -=

Comment. The t-tests given in Table 40 are also redundant as with the single­
factor analysis of variance given in the previous tables. It is simply comparing
sampling year 2000 to sampling year 2005, which is more appropriately done in
the repeated measures experiment. This table, however, is only used in the
context of displaying why transformations on biological data are needed.

Tables 41-64.

Comment. Tables 41-64 reference classification variables which are not
available at the time of this writing. The classification variables were non­
wetland sites during 1901-1931, percent duration interval, GSRC colonies that
only showed increase colony size from 2000 to 2005, DEM and FEAT
classifications, and etc. Although the analysis is straight forward, I could not
verify the accuracy of the results. Albeit, this analysis may provide a subjective
look into the past, the interpretations are just that - subjective. Without prior data
during the sampling windows reference in the FWS Biological Opinion, one can
only speculate as to the impacts of prior projects on the pondberry colonies in the
DNF.
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