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SECTION 1
BACKGROUND

The U.S. Environmental Protection Agency (EPA) is currently in the process of revising its aquatic
lifecriteriafor selenium. The selenium criteriawere last published in 1987, and since then, additional
data have become available on the effects of selenium onaquatic organisms. Included among the new
data is a series of three studies on the effect of selenium on bluegills (Lepomis macrochirus) in
outdoor experimental streams at the Monticello Ecological Research Station (MERS) in Monticello,
Minnesota. Results from the first of the three studies were published in 1992*, and they are not
discussed here.

In this report, data from the second and third MERS selenium studies (Study |1 and Study I11) are
evaluated by The Cadmus Group, Inc., using avariety of statistical methods. EPA intendsto consider
the results from the statistical analyses presented in this report inits forthcoming manuscript on the
second and third MERS studies. Section 2 of this report provides a brief summary of the
experimental design and proceduresused in Studies |l and 111. Additional detail on the experimental
methodology will be provided by EPA in its forthcoming manuscript. Section 3 presents the
statistical analysis of the effects of selenium on bluegill spawning and progeny. Section 4 presents
the statistical analysis of the effects of selenium on bluegill spawning and progeny. Finally, details
on the calculations, statistical output, graphical summaries, raw data, and the statistical programs
used are provided in Appendices A through F.

! SeeHermanutz, R.O., K.N. Allen, T.H. Rousch, and S. Hedtke. 1992. Effects of elevated selenium
concentrations on bluegills (Lepomis macrochirus) in outdoor experimental streams. Environ. Toxical.
Chem. 11:217-224.
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SECTION 2
EXPERIMENTAL DESIGN AND PROCEDURES

This section presents a brief summary of the experimental design and procedures used in Studies 1
and 11 for evaluating the effect of selenium on bluegills in outdoor streams at the Monticello
Experimental Research Station. EPA intends to provide additional detail on the study design and
experimental procedures in a forthcoming manuscript on Studies Il and Ill. As discussed in
Section 1, the results of a prior study (Study 1) are not analyzed in this report.

Using data obtained from EPA, The Cadmus Group, Inc., (Cadmus) calculated many descriptive
statistics. Some data were corrected for transcription errors before the analysis. EPA provided the
description of the experimental methodology and guidance concerning some aspects of the statistical
analyses, such as the use of PROC MIXED as opposed to PROC GLM. During the course of data
evaluation, EPA and Cadmus considered such issues as the following: (1) methods for handling
missing observationsand datainconsistencies, (2) methodsfor handling repeated measuresover time,
(3) datatransformations, and (4) issuesregarding the calculations. The datasets used in our analyses
arelistedin Table 2-1. Table 2-2 provides adescription of the basic experimental layout of thefield
studies conducted at the Monticello experimental stream sites. Table 2-3 presents descriptive
statistics on the concentrations of selenium measured during each study.

The Monticello Ecological Research Station contains eight outdoor streamsthat were supplied with
Mississippi River water or a mixture of river water and well water. Six of the eight streams were
used in Study I, with nominal selenium concentrations of O pg/L, 10 pg/L, and 30 pg/L. All eight
streams were used in Studies Il and I11. For Study 11, dosing of the 10 pg/L selenium streams was
continued. Dosing of the 30 pg/L streams was discontinued, and these streams were used to
determine whether residual toxicity was caused by previous seleniumdosing. Theother four streams
(2 unused, 2 controlsin Study 1) were randomly assigned to the nominal concentrations of O pg/L
and 2.5ug/L. InStudy 111, seleniumwas not added to any stream. Study |11 addressesonly residual
effectsin recovering streams.

For both studies, adult bluegills were obtained from a south-central Minnesotafarm pond. Eighty-
fivefishin Study Il and 98 fish in Study |11 were randomly distributed without regard to sex in the
upper reaches (i.e., sampling Stations 0-2) in each stream. In each stream, a random sample of the
adults was transferred to the lower reach of the respective experimental stream (Station 6) for the
reproduction portion of the studies; 26 per stream were transferred in Study 11 and 22 to 50 per
streamin Study 111. Eachfishwasweighed at the time of transfer, and two to four fishwererandomly
selected from each stream for measurement of selenium in selected tissues. After transfer, each
Station 6 pool was checked daily for the presence of bluegill nests. All observed nestswere sampled
three times a week for the presence of embryos and larvae. If, after five passes of the sampling
device, no embryos or larvae were present, the nest was considered inactive. In Study 111, the
sampling device was passed over the nest until an adequate sample was collected or the investigator
determined the nest to be inactive. The numbers of live and dead embryos and larvae were recorded
(hereinafter referred to as “Field Nest Data’).

- DRAFT FOR PEER REVIEW- 2 -DO NOT CITE OR QUOTE-



Table 2-1. Description of Datasetsin the MERS Selenium Studies?

each cup taken from randomly selected
nests, and number of larvae with
abnormalities each day in each cup

Date
Dataset | FileName | Received Description Comments Concer ning the Datasets
Study 11
Survival |s2surviv.sd2 | October 1997 |number of fish at the beginning and end of
Data the two-phase study (survival and growth,
reproduction) for each stream
Growth  |bgmay89.sd2 | October 1997 |[weight and gender for each fish onthe
Data bgag8889.sd2 transfer date; weight, length, K factor, and
gender for each fish at the end of study
Field fldabnrm.sd2 | October 1997, [ number of liveand dead embryosandlarvae |Data received in October 1997 were
Nest Data April 1998 [in each nest, age of the larvae, number of |replaced by the corrected version received
larvae in each subsample, and number of |inApril 1998; duplicate spawning activities
larvae with abnormalities in the subsample | in a given nest were treated as independent
events.
Egg Cup |cupdays.sd2 | October 1997 |number of live and dead embryosand larvae| Discovered some measurement errors; for
Data each day in each cup taken from randomly [example, total number of larvae are not
selected nests, and number of larvae with | consistent throughout five-day experiment;
abnormalities each day in each cup as a result, the calculated percent hatch
exceeds 100% for two cups; in this case, we
truncated the values to 100% only for the
arc-sine square-root transformation.
Study 11
Survival |s3surviv.sd2 | October 1997 |number of fish at the beginning and end of
Data the two-phase study (survival and growth,
reproduction) for each stream
Growth | bgmay90.sd2 | October 1997 |weight and gender for each fish onthe
Data bgf8990.sd2 transfer date; weight, length, and gender for
each fish at the end of study
Field s3nest.sd2 October 1997 |spawn number, number of larvae in each
Nest Data subsample, age of the larvae (mostly miss-
ing), and number of larvae with
abnormalities in the subsample
Egg Cup |s3eggcup.sd2 | October 1997 |initial number in each cup, number of live | Discovered some measurement errors; for
Data and dead embryos and larvae each day in |example, the initial number in each cup is

sometimes not consistent with the
calculated total number for that cup at Day
1; in this case, the calculated number was
used in the analysis; total number of larvae
is not consistent throughout the five-day
experiment; as a result, the calculated
percent hatch exceeds 100% for one cup,
and in this case, we truncated the value to
100% only for the arc-sine square-root
transformation.

a

presented in Appendix E.
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Table 2-2. Selenium Treatmentsfor the Three Studies

Addition of Selenium
Treatment Streams Total Period of Dosing Study
30 pg/L 4and6 03/ 11(/577 N dlayo/gzlss |
10 gl 3and8 03/ 11(/98772' dggw 89 L1l
2.5 ug/L 2and7 10/ 3(/2&)' ;aly/g)?/ 89 I
Studies of Bluegill
Stream Study 12 Study I Study |11
Beginning® 09/01/87 10/88 11/89
Transfer 05/16/88 05/89 05/90
End? 08/22/88 08/89 07/90
1 Unused Control Control
2 Unused 2.5 ug/L Recovering
3 10 pg/L 10 pg/L Recovering
4 30 pg/L Recovering Recovering
5 Control Control Control
6 30 pg/L Recovering Recovering
7 Control 2.5 pg/L Recovering
8 10 pg/L 10 pg/L Recovering
a Previously reported (see Footnote 1, page 1), data are not evaluated in this report.
b Adult bluegills placed in Stations 0-2 for survival and growth study.
Z Transfer of adult bluegills within each stream from Stations 0-2 to Station 6 for reproduction study.

Adult bluegills removed from Station 6.

Table 2-3. Measured Concentrations of Selenium in Water During Study 11

Intended Concentration 2.5 pg/L 10 pg/L
Stream Number 2 | 7 3 | 8
Sations 1 and 3 combined
Mean 2.48 2.67 8.87 9.65
Standard Deviation 0.28 0.45 1.46 181
Number of Measurements 29 30 27 30
Sations 5 and 7 combined
Mean 2.67 255 10.40 10.83
Standard Deviation 0.43 0.39 115 1.07
Number of Measurements 28 27 27 27
Mean exposure concentration? 253 2.63 9.34 10.02

a

Stations 1 and 3 (221 days) and Stations 5 and 7 (99 days).
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Samples of embryos were incubated in the laboratory to determine hatchability, larval survival, and
incidence of larval anomalies. Randomly selected embryoswerereared for severa daysin incubation
cups (hereinafter referred to as “Egg Cup data’). Cup contents were removed and examined daily.
Percent hatch and larval survival were recorded. Live larvae were examined for abnormalities.

The statistical analyses conducted on the Monticello field and laboratory data are described in the
following sections.
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SECTION 3
EFFECTS OF SELENIUM ON SURVIVAL AND GROWTH OF ADULT BLUEGILLS

This section presents the summary and analysis approaches for the survival and growth data for
Studies Il and I11. Section 3.1 summarizes the survival and growth data. The analysis of variance
(ANOVA) models applied to the survival and growth data are presented in Section 3.2

31 SUMMARY OF SURVIVAL AND GROWTH DATA

Table 3-1 summarizes the adult bluegill percent survival and growth dataduring Study 11 at the time
of transfer to Station 6 (for the reproductive portion of the experiment) (Day 221) and at the end of
the study (Day 320). Table 3-2 presentsasimilar summary for Study |11 at the time of transfer (Day
181) and at the end of the study (Day 265). An explanation of the calculation of the variablesin the
tablesispresented in TablesA-1and A-2in Appendix A. To evaluate differencesin growth between
genders, Cadmus also summarized length, weight, and K factor (weight x 10/length®) were
summarized by gender, as presented in Tables 3-3 and 3-4.

Throughout thisreport, astandardized processwas used to examinetheresultsof an ANOV A model.
First,an ANOV A model that isconsistent withthe experimental design was selected. Themodel was
fit to thedata. AnF-statistic evaluating therelativefit of the model to the datawas examined. If the
p-value of the model F-statistic was less than 0.05 (p<0.05), the model was considered to be
significant. For those models that were significant, individual parameters in the model were
examined. Those parameterswhere the p-value of the parameter F-statistic waslessthan 0.05 were
considered significant and subjected to ameans separation test. Several meanstests are availablein
the literature and most software packages. Each method has a dightly different interpretation, and
the methods are not guaranteed to produce the same results. Dunnett’ stest against control and the
Tukey's standardized range test were used for this analysis.> Those cases in which the two tests
provide different results are noted in the narrative of the report.

3.2 ANOVA ON PERCENT SURVIVAL AND GROWTH OF ADULT BLUEGILLS
3.21 Survival

Percent survival at thetransfer date and at the end of the study was analyzed using the following one-
way ANOV A model to evaluate the effects of different selenium concentrations (0, 2.5, and 10 pg/L)
on adult bluegills. The 30 pg/L treatment wasexcluded fromthisANOVA for Study I1, becausethis
treatment represents the recovery from the previous study and, therefore, is not comparable to the
continuous exposure regimes of the 2.5 and 10 pg/L treatments. Similarly, the 30 pg/L treatment
was not comparable in Study I11.

2 Montgomery, D.C. 1991. “Design and Analysis of Experiments.” Third Edition. John Wiley & Sons. pp. 73-

80.
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Table 3-1. Adult Percent Survival and Growth During Study 112

Selenium Treatment

Recovering
Control 2.5 ug/L 10 pg/L 30 pg/L
Stream 1 5 2 7 3 8 4 6
Day 221°
% survival 47.1 494 329 424 34.1 435 34.1 51.8
Weight (g)° 103.0 98.9 101.8 101.3 100.0 922 98.1 101.5

(25.4) | (30.2) | (34.6) | (284) | (328) | (30.4) | (3655) | (26.0)
Weight gain (g)° 248 | 207 | 236 | 231 | 218 | 140 | 199 | 233

Day 320°
i 0,

Cumulative % 235 | 285 | 89 | 391 | 92 | 167 0 199

survival

% survival from

Day 221 to Day 50.0 57.7 26.9 92.3 26.9 385 0 385

320ve

Weight (g)° 113.3 141.3 145.5 146.1 164.1 130.8 - 156.7
243) | 26.2) | (249 | (342 | 3700 | (295 (30.9)

Weightgain(g)° | 351 | 631 | 673 | 679 | 859 | 526 i 78.5

Length (mm)© 178.6 191.9 190.4 190.3 191.3 182.5 - 189.4
114) | 124 | 85 | 104 | @54 | 89 (12.9)

K factore" 1.964 1.984 2.089 2.080 2.314 2.142 - 2.284
0.178) | (0.121) | (0.144) | (0.179) | (0.123) | (0.143) (0.163)

& Theinitia averages (and standard deviations) were: weight = 78.2 (26.4) g, length = 164.5 (15.6) mm, and K

factor = 1.711 (0.355).

A subset of fish was transferred to Station 6 on Day 221 for the reproductive portion of the study.

Numbers in parentheses are standard deviations.

4 wei ght gain from the beginning of the study, calculated by subtracting the average initial weight from the weight
on Day 221.

¢ The study ended on Day 320.

The product of percent survival on Day 221 and percent survival from Day 221 to Day 320.

9 Weight gain from the beginning of the study, calculated by subtracting the average initial weight from the weight

on Day 320.

K factor = weight x 10/ length®. Numbers in parentheses are standard deviations.

' All fish died by thistimein Stream 4.
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Table 3-2. Adult Percent Survival and Growth During Study 1112

Selenium Treatment

Recovering Recovering Recovering
Control 2.5 ug/L 10 pg/L 30 pg/L
Stream 1 5 2 7 3 8 4 6
Day 181°
% survival 33.7 34.7 53.1 27.6 32.7 245 33.7 28.6
Weight (g)° 113.6 1151 102.6 1114 114.9 102.1 107.3 112.9
(22.7) (20.9) (22.5) (30.7) (21.3) (17.8) (20.8) (23.6)
Weight gain (g)* 26.6 275 15.0 238 27.3 145 19.7 253
% survival from
Day 181 to Day 29.0 313 34.0 48.0 30.0 36.4 61.3 -
265"
Day 265°
% survival' 9.8 10.8 18.0 13.2 9.8 89 20.6 -
Weight (g)° 119.6 156.2 123.7 142.9 164.6 162.6 130.3 -
(36.9) (24.1) (26.7) (34.8) (40.3) (16.8) (25.2)
Weight gain (g)° 32.0 68.6 36.1 55.3 77.0 75.0 42.7 -
Length (mm)°© 178.0 191.2 179.1 184.8 194.7 1735 183.7 -
(12.8) (8.8) (11.6) (15.7) (14.2) (32.7) (10.2)
K factor®" 2.059 2.216 2.120 2232 2.207 4.161 2.077 -
(0.202) | (0.112) | (0.095) | (0.166) | (0.290) | (3.878) | (0.119)

& Theinitial averages (and standard deviations) were: weight = 87.6 (21.3) g, length = 167.5 (11.0) mm, and K
factor = 1.841 (0.273).
P A subset of fish was transferred to Station 6 on Day 181 for the reproductive portion of the study.

on Day 181.

¢ The study ended on Day 265.

" The product of percent survival on Day 181 and percent survival from Day 181 to Day 265.

Numbers in parentheses are standard deviations.
Weight gain from the beginning of the study, calculated by subtracting the average initial weight from the weight

9 Weight gain from the beginning of the study, calculated by subtracting the average initial weight from the weight

on Day 265.

' Stream 6 was removed from this study after Day 181.
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The models used for statistical analyses were:

Study I1: P-221;, P-320; = u + T, + g;
Study I11: P-181;, P-265; = u + T, + g

ij1

where,

P-221; = percent survival from Day 1 to Day 221, for thei" treatment and j"" stream;

P-320; = percent survival from Day 1 to Day 320; calculated as the product of the
percent survival from Day 1 to Day 221 and percent survival from Day 221
to Day 320, for the i treatment and j" stream;

P-181; = percent survival from Day 1 to Day 181, for thei" treatment and j"" stream;
P-265; = percent survival from Day 1 to Day 265; calculated as the product of the
percent survival from Day 1 to Day 181 and percent survival from Day 181
to Day 265;
M = overal mean;
T, = treatment effect,i=1to 3; and
g = randomerror.

For the purpose of hypothesistesting, the error termis assumed to follow anormal distribution with
independent realizations of the data. Because the dataset contains only six observations spanning
three treatments, the assumption of normal independent errors may not hold. Figures 3-1 and 3-2
present plots of the model residuals against treatment. Examination of the residual plots shows that
theresidual varianceisnot consistent for each treatment. Particularly, theresidual varianceislargest
for the 2.5 pg/L selenium treatment. We transformed the response variable (percent survival) using
the arc-sine square-root transformation and reran the ANOV A model. Theresultsof theserunsare
presented in Table 3-5.

Table 3-5. ANOVA Resultson Percent Survival:
Model Significance (p-value)

Study 11 Study 111
Approach Day 1-221 Day 1-320 Day 1-181 Day 1-265
Arc-sine Sgquare-root of
the Response Variables 0.263 0.604 0.618 0.086

As shown in Table 3-5, p-values of the ANOVA model are greater than 0.05, which indicates no
significant differences in percent survival at o = 0.05 with varying concentrations of selenium for
either Study |1 or Study 111. The p-valueisdefined asthe probability of observing a sample outcome
more contradictory to H, (no differencein response variableswith different selenium concentrations)
than the observed sample result. The smaller the p-value, the heavier the weight of the sample
evidence against H...

- DRAFT FOR PEER REVIEW- 12 -DONOT CITE OR QUOTE-



Figure 3-1. Residualsfrom the ANOVA M odel on Percent Survival—Study 11
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Figure 3-2. Residualsfrom the ANOVA M odel on Percent Survival—Study 111
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Although the residual plots show some violations of the error assumptions, the ANOVA results are
little affected by these violations. The largest impact on the ANOVA resultsis probably due to the
small overall sample size and the small number of within-treatment replicates.

We calculated the power of the ANOV A model using standard statistical methods (Steel and Torrie,
1960°). Thepower of thetest isillustrated in Figures 3-3 through 3-6 for selected Type| error rates.
A key issue in the use of any statistical method, including ANOVA, is the number of experimental
unitsrequired for a specified decision criterion. Inthe ANOV A modelswhere percent survival isthe
response variable, the experimental unit or replicateisthe stream. The null hypothesisinherent inthe
model isthat mean percent survival isthe same among all seleniumtreatments. The ANOV A model
isfit to several datasets with six streams and three selenium treatments. Figures 3-3 through 3-6
indicate the number of streams required to meet specified levels of power and Type | error for tests
of hypotheses on fish survival (note: the calculations are model specific, and extrapolating the results
to different endpoints or ANOVA models may not be appropriate). Power is the probability of
detecting areal difference of 10% among treatment means, and the Type | error (0.05, 0.10, 0.20)
represents the probability of erroneously detecting a treatment difference when none exists. The
streams are assumed to be equally allocated among three treatments. It is desirable to have a high
chance of classifying the treatment means as equal, when they are (i.e., high power, asindicated in
the upper regions of the abscissa). Examination of the plots shows that six streams provide
reasonably good power for al study-specific datasets (power ranges between 0.6 and 1.0)

3.2.2 Growth

Whileweight gain for individual fishisnot available inthe datasets, we calculated weight gain during
the period between transfer and the end of the study for each gender in each stream. These gender-
stream-specific data were evaluated using the following model:

Wijk = p+t Ti + Gj + (TG)ij + S<(i) + Eijk
where,
W, = weight gain between the transfer and the end of the study, i =1to 3, j=1to
2,k=1to2;
M = overal mean;
T, = treatment effect,i=1103;
G = gendereffect,j=11t02;
(TG); = interaction between the treatment and gender, i=1t03,j =110 2;
S¢ = streameffect, k = 1to 2, nested within treatment, considered as a random
effect; and
gx = randomerror.

The results indicate that no effect is significant at o = 0.05 for weight gain in either Study 11 or
Study I11.

3 sted, RG.D., and JH. Torrie. 1960. Principles and Procedures of Statistics, McGraw-Hill, New York, NY.
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Figure 3-3. Power of the ANOVA M odel on Percent Survival—
Study Il Days 1-221
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Figure 3-4. Power of the ANOVA M odel on Percent Survival—
Study Il Days 1-320
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Figure 3-5. Power of the ANOVA M odel on Percent Survival—
Study 111 Days 1-181
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Figure 3-6. Power of the ANOVA M odel on Percent Survival—
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SECTION 4
EFFECTS OF SELENIUM ON SPAWNING ACTIVITY AND PROGENY
OF ADULT BLUEGILLS

After fish were transferred to Station 6 in each stream, each pool was checked daily for the presence
of bluegill nests. All observed nests were marked with labeled stakes and sampled every Monday,
Wednesday, and Friday for the presence of embryos and larvae. The numbers of live and dead
embryos and larvae were recorded. Dead embryos were identified by their opagueness. Samples of
live larvae were observed under a dissecting microscope to identify morphological anomalies. This
set of dataisreferred to as “Field Nest” datain the following text.

Samples of embryos were incubated in the laboratory to determine embryo hatchability, larval
survival, and incidence of larval anomalies. Randomly selected embryoswere reared for several days
inincubation cupsinboth StudiesIl and I11. Theembryoswere exposed to aproportional diluter that
contained the same river water and the same nominal selenium concentrations as those in the
respective test streams. Cup contents were removed and examined daily; live embryos and larvae
were returned after the cup was cleaned. Percent hatch and larval survival were recorded. Live
larvae were examined for abnormalities. This set of datais referred to as “Egg Cup” datain the
following text.

The Field Nest data and Egg Cup data for both studies are summarized in Section 4.1. Section 4.2
describes the experimental design, the ANOV A model, and results for these datasets.

4.1 SUMMARY OF FIELD NEST AND EGG CUP DATA

Tables4-1 and 4-2 summarize the adult bluegill spawning activity and effects on progeny under the
influence of differing selenium concentrations for Study Il and Study I11, respectively. The number
of active nests, number of embryos collected, number of larvae collected, and number of samples
containing larvae were summarized for each stream using the Field Nest Data. In addition, the
percentage of dead embryos, percentage of dead larvae, and percentage of abnormalities, among live
larvae were also calculated and summarized for each stream. Theegg cup datawere used to calculate
percent hatch, percent survival to the third day (to eliminate the starvation effect later in the
experiment), percent abnormalities and percent healthy among live larvae for each stream. Numbers
in parentheses are the standard deviations of the parameter. Tables A-3 and A-4 in Appendix A
explain the calculations for each variable in the tables.

The average percent abnormalities among live larvae on each day at each selenium concentration for
Field Nest Dataand egg cup datafor Study 11 and Study 111 are summarized and presented in Tables
4-3 through 4-6. In addition, a series of plots was generated to depict the percent abnormalities
among live larvae on different daysat different dosing levelsfor the Field Nest Dataand egg cup data
for Studies Il and I11. These figures are presented in Appendix C.

4.2 ANOVA ON FIELD NEST AND EGG CUP DATA

To examine the effects of selenium on adult bluegill spawning activity and progeny, candidate
ANOV A modelswere evaluated and those models most consistent with the experimental designwere
selected. Because the datasets are highly unbalanced and random effects (e.g., stream, nest) are
present in the models, PROC MIXED provided by SAS® was used for the analyses presented in this
section. Detailed information concerning PROC MIXED can be found in “SAS/STAT Software:
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Changes and Enhancement through Release 6.12.” Additional information on PROC MIXED can
be found in Latour et al. (1994),* Wolfinger et al. (1994),> and Schwarz (1993).°

Table4-1. Spawning Activity and Effectson Progeny During Study |1

Selenium Treatment
Recovering
Control 25 ug/L 10 pg/L 30 pug/L
Stream 1 5 2 | 7 3 | 8 4] 6
Field Nest Data
# of active nests 6 9 1 5 2 3 0 8
# of embryos collected® 2,458 1,329 0 1,462 672 931 646
% dead embryos® 0.94 0 0 0 0.32 0
# larvae collected® 3,252 3,435 2,497 4,717 5,376 750 -- 6,788
% dead larvae® 0.03 1.05 0.20 0.08 0.50 0.40 7.79
# of samples 7 13 3 8 9 4 |—| 1.
containing larvae (n)
0 0 4.1 0 814 50.0 27.3
0
% edemel’ (0-0) (0-3.3) (4.1-4.2) (0-10.7) | (66.7-96.2) (0-91.2) (0-91.3)
% lordosis° 0 0 25.0 0 5.0 14.7 0
0 (0-0) (0-0) (25.0-25.0) (0-3.2) (3.3-6.7) (0-23.3) (0-6.7)
% hemorrhaging? 0 0 77.6 52.0 55.5 26.7 17.1
o (0-0) (0-2.8) | (77.6-77.6) | (0-100.0) | (23.1-87.9) | (20.6-57.1) (0-22.7)
Egg Cup Data
# of trias® 6 5 0 4 3 2 6
93.0 96.4 814 83.3 91.1 92.9
0, d — —
76 hatch (6.4) 3.1 (11.9) (23.1) 9.1 (12.7)
% survival to 75.2 715 71.6 57.7 57.1 79.0
third day® (14.8) (22.1) (7.4) (32.1) (25.7) (14.2)
% edemal 0 0 0 100.0 100.0 17.4
0 (0-3.7) (0-10.0 (0-20.0) (0-100.0) | (74.1-100) (0-94.3)
: 0 0 0 11.1 18.2 0.0
0
% lordosis 087 | (0-38) (0321 | (0511 | (0407 (0-37.1)
% hemorrhacind 0 0 3.6 49.3 411 115
aging (0-4.3) | (0-10.0) (0-814) | (0-100.0) | (0-83.3) (0-45.7)
97.8 97.9 92.2 0 0 70.7
0
0 healthy? (91.3-100) | (90-100) 186100) | (0-100) | (0-25.9) (5.7-100)
z Cumulative for the stream, i.e., one value per stream.
c Among live larvae; the median and range (in parentheses) of the maximum incidence per set of nest observations are given.
a A trial was set up whenever sufficient larvae were collected.
e Cumulative percent hatch for each cup; the mean and standard deviation (in parentheses) are given.
; Mean percent survival to third day after first larva hatched; the standard deviation is given in parentheses.

Among larvae that survived up to third day after first larva hatched; the median and range (in parentheses) of the maximum incidence are
given.

Among livelarvae that survived up to third day after first larvae hatched; assumes the observations of multiple abnormality types always co-
occurred in the same organism, this may overestimate the actual % healthy when this assumption isviolated. The median and range (in
parentheses) of the percent healthy per cup are given.

4 Latour D., K. Latour, and R.D. Wolfinger. 1994. Getting started with PROC MIXED. SAS Ingtitute, Inc.,
Cary, NC.

> Wolfinger R, R. Tobias, and J. Sall. 1991. Mixed models. A future direction. Proceedings of the Sixteenth
Annual SAS Users Group Conference, SAS Institute, Inc., Cary, NC. pp. 1380-1388.

& schwarz, C.J. 1993. The mixed-model ANOVA: Thetruth, the computer packages, the books. The American
Statistician 47(1):48-59.
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Table4-2. Spawning Activity and Effects on Progeny During Study I112

Selenium Treatment
Recovering Recovering Recovering
Contral 2.5 pg/L 10 pg/L 30 pg/L
Stream 1 5 2 7 3 8 4 6
Field Nest Data
# of active nests 4 3 4 2 3 4 7
# of samples containing 6 3 5 5 9 6 13
larvae (n)
% edema’ 0 0 0 0 0 0 0
(0-0) (0-0) (0-0) (0-0) (0-0) (0-0) (0-4.7)
% lordosis® 0 0 0 0 0 0 0
(0-0) (0-0) (0-0) (0-0) (0-0) (0-0) (0-2.3)
% hemorrhaging® 0 0 244 0 0 0 2.38
(0-0) (0-0) (0-10.7) (0-0) (0-0) [ (0-2.0) |(0-12.5)
Egg Cup Data
#of trials” 2 3 3 7 3 5
85.3 76.9 90.0 88.0 78.9 92.5
0, e _— _—
7o hatch (3.8) (20.1) (6.0) (12.5) (13.3) (13.7)
. . 62.9 68.0 71.3 722 63.4 81.1
0, _— _—
psurviva tothirdday' | o5 | (190) | 73 | @12 a7 | @12
% edema’ 0 0 0 0 0
(0-0) (0-0) (0-0) (0-0) (0-0)
% lordosis? 0 0 0 0 0
(0-0) (0-0) (0-0) (0-0) (0-0)
% hemorrhaging® 0 0 0 0 0
(0-0) (0-0) (0-0) (0-0) (0-3.03)
% healthy" 100 100 100 100 100
(100-100) | (100-100) | (100-100) | (100-100) (97-100)

All Study Il streams were recovering from prior selenium exposures in Study Il (2.5 and 10 pg/L) or Study | (30
HY/L).

Cumulative for the stream, i.e., one value per stream.

Among live larvae; the median and range (in parentheses) of the maximum incidence per set of nest observations are
given.

A trial was set up whenever sufficient larvae were collected.

Cumulative percent hatch for each cup; the mean and standard deviation (in parentheses) are given.

Mean percent survival to third day after first larva hatched; the standard deviation is given in parentheses.

Among larvae that survived up to third day after first larva hatched; the median and range (in parentheses) of the
maximum incidence are given.

Among larvae that survived up to third day after first larvae hatched; assumes the observations of multiple
abnormality types always co-occurred in the same organism, this may overestimate the actual % healthy when this
assumption is violated. The median and range (in parentheses) of the minimum percent healthy per cup are given.

Q 0 Qo
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As a part of the analysis, tests for normality and homogeneity of variance were performed on the
appropriate data. Asappropriate, datatransformationswere applied to adjust for non-normal model
errors.

Two types of models were fit to the data. First, we fit a standard ANOVA model that does not
account for time-based effects associated with the repeated sampling of nests or egg cups during the
course of the experiment. The response variables were the maximum incidences (e.g., maximum %
edema, maximum % hemorrhaging) per nest or cup. For egg cup data, the minimum % healthy was
also included as one of the response variables. Note that the value of % healthy was calculated for
thelivelarvae only, and under the assumption that observations of multiple abnormality typesalways
occurred in combination on the same group of “affected” organisms. Therefore, this may result in
anoverestimation of the actual % healthy when such an assumptionisviolated. Second, wefit aform
of the ANOV A model associated with repeated-measures analysis. This model adjusts the model
resultsfor any time-dependent correlationsthat exist amongthedata. Eachmodel isdescribed below.

In addition, for Study 11, none of the information associated with 30 pg/L selenium treatments was
included in the analytical dataset to which the ANOVAs were fit. We excluded this treatment
because it represents the recovery from the previous study and therefore is not comparable to the
continuous exposure regimes of the 2.5 and 10 pg/L treatments.

4.2.1 Study Il Field Nest Data

Experimental Design

The experimental design for the Study |1 Field Nest data, ignoring time-series effects, is summarized
in Table 4-7.

Table 4-7. Experimental Design for Field Nest Data—Study ||

Selenium
Treatment Stream Maximum % Abnor malities from Each Spawn?
1 C2, C3, D1, D2, D3, D4
Control
5 B1, B11, B3, B4, B5, B7, C2, C4
2.50 pg/L 2 D1
SO 7 B6, C2, C3. C4. C8
10,0 gl 3 All, A12, A21, A22
~H 8 B1, B3, C1
Recovering 4 No Data
30.0 pg/L 6 Al, A12, A13-1, A13-2, A2-1, A2-2, A3, A4, A5, A8

& Tableentries (e.g., C2) represent the spawns that have the values for the response variables.

In this formulation, asingle value for each spawn in each nest isthe data evaluated by the ANOVA.
The table indicates the nest number for each spawn. Where multiple spawns occurred in anest, the
spawnsareindexed. Note that therecovering 30 ng/L treatment was not evaluated inthe ANOVA.
Only the maximum percent abnormalities from each spawn are used in the analysis.

ANOVA Analysis

The following mixed model was performed on the Field Nest Data, with stream considered as the
random effect:
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Rk = R+C+3,+e
where,
R = multivariate response: % edema, % lordosis, and % hemorrhaging (all
maximum incidence per nest);
M = overal mean;
C, = treatment effect, i = 1to 3 treatments;
Sy = streameffect,j=1to 2 streams, nested within treatment, considered as a
random effect; and
gx = randomerror.

A test of normality on the model residuals (e;,) and a homogeneity of variance test among treatment
levelswere performed. An arc-sine square-root transformation was applied to the data when model
assumptions of normality and/or homogeneity of variance were violated. |n cases where an arc-sine
sguare-root transformation was inadequate, a ranking transformation was substituted. The results
are summarized in Table 4-8.

Table 4-8. Testsof Normality and Homogeneity of Variance—Study |1 Field Nest Data

Nor mality Homogeneity of Variance
Max % Max % Max % Max % Max % Max %
edema lordosis hemor. edema lordosis hemor.
p-value| 0.0001* 0.0001* 0.0103* <0.0001* *x <0.0001*

*  Significant p-value at a = 0.05.
** Non-cal culable, given the values in the dataset.

Table 4-8 indicates that the data generally do not satisfy the normality and homogeneity of variance
assumptionsand thusrequiretransformation. Therefore, an arc-sine square-root transformationwas
applied to the data. The results of repeated testing are summarized in Table 4-9.

Table 4-9. Testsof Normality and Homogeneity of Variance—Study |11 Field Nest Data
(Arc-sine Square-root Transformed Data)

Nor mality Homogeneity of Variance
Max % Max % Max % Max % Max % Max %
edema lordosis hemor. edema lordosis hemor.
p-value| 0.0004* 0.0013* 0.0032* <0.0001* *x <0.0001*

*  Significant p-value at a = 0.05.
** Non-cal culable, given the values in the dataset.

Again, the data did not passthetests. Because both theraw dataand the transformed datafailed the
normality and homogeneity of variance tests, the ANOVA was also performed on ranks (Iman,
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1982"). Here, we ranked the response variables from lowest to highest across treatments and reran
the ANOVA. Fitting an ANOV A model to ranks may not be appropriate. First, the model residuals
arenon-normal. Second, theresidualsare, by definition, truncated within the range of the lowest and
highest rank. Therefore, applying standard hypothesis testing techniques, which required the
assumption of normally distributed residuals with zero mean, may not be appropriate. Generally,
analysis of ranked data proceeds with nonparametric approaches, thereby negating the distributional
assumptions inherent in parametric techniques. However, because nonparametric methods are not
available for mixed-model ANOV A designs (the model that ismost consistent with the experimental
design of thisstudy), theresults of the ANOV A were presented on both raw and ranked data. The
results of performing the ANOV A on both the raw dataand the ranks are summarized in Table 4-10.

Table4-10. ANOVA Results From PROC MIXED—Study |1 Field Nest Data

Test of Parameter Significance Test of Parameter Significance
(p-value, raw data) (p-value, ranks)
Max % Max % Max % Max% | Max % Max %
Par ameter edema lordosis hemor. edema | lordosis hemor.
Treatment 0.0233* 0.5510 0.0568 0.0271* | 0.1907 0.0129*
Stream(treatment), random *x 0.2669 *x *x 0.6313 *x

*  Significant p-value at a = 0.05.
** Missing p-values resulted from the variance components estimates being zero.

The missing p-valuesin Table 4-10 and in the following tables from PROC MIXED result from the
fact that the variance component estimates are zero, and therefore test statistics cannot be computed.
The zero variance estimates may arise for several reasons. For example, the variability in the data
may be large enough to produce a negative estimate (negative values were restricted to zeros), even
though the true value of the variance component is positive; data may contain outliersand a different
model for interpreting the datamay be appropriate. Although alternative models might better address
the missing p-value issue, such alternative models were not used, because they were judged to be
incompatible with the experimental design.

Note that the test on the random effect, stream(treatment), provided by PROC MIXED is based on
large sample asymptotic theory® and therefore may not be appropriateinthisapplication. Therandom
effect results should therefore be interpreted with caution. Table 4-10 indicates that ANOVAs on
the raw and ranked data provide generaly consistent results with respect to determination of
significant parameters. Selenium concentration appears to be an important component of the
maximum percent incidence determinations for % edema and perhaps % hemorrhaging, but not for
% lordosis. To examine which treatments differ, the meanstest from PROC MIXED, which adjusts
the standard error of the treatment for the random effectsin the model, was performed. Theresults
are presented in Table 4-11. Dunnett’s multiple comparison against control was performed on this
dataset and all subsequent datasets.

The results indicate that, for maximum % edema, the selenium treatment mean of 10 pg/L differed
from the control mean, using both the raw data and the rank transformed data. For maximum %

" Iman, R.L. 1982. Some Aspects of the Rank Transform in Analysis of Variance Problems. Seventh Annual

SAS Users Group International Conference.

8  odf, SG., andK.Y. Liang. 1987. Asymptotic properties of maximum likelihood estimators and likelihood
ratio tests under nonstandard conditions. J. Amer. Stat. Assoc. 82:605-610.
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hemorrhaging, the selenium treatment mean of 2.5 pg/L differed from the control mean for the rank
transformed data (treatment effects were marginally not significant at 2.5 pg/L for theraw data). In
addition, the mean of 10 pg/L differed from the control mean for ranked data only for maximum %
hemorrhaging.

Table4-11. MeansTest (Dunnett’s) From PROC MIXED—Study |11 Field Nest Data

Test of the Difference (p-value, raw data) Test of the Difference (p-value, ranks)
Selenium Max % Max % Max % Max % Max % Max %
Treatments edema lordosis hemor. edema lordosis hemor.
2.5-0.0 ug/L 0.962 0.478 0.050*'2 0.358 0.285 0.022*
10.0- 0.0 pg/L 0.020* 0.687 0.133 0.020* 0.166 0.014*

* Significant p-value at o = 0.05.
& Treatment effects were marginally not significant at o = 0.05, see Table 4-10.

Repeated-Measures ANOVA

For the Field Nest Data, each nest was sampled two or three times a week using a plastic tube to
determine the presence of embryos and larvae. Table 4-12 presents the experimental design for the
Field Nest Data using time-based samples. If the nest is considered the sampling unit, then a
repeated-measuresanalysisisappropriate. Thetable showsthat the number of timesanest issampled
isnot consistent over the experiment. Dueto alarge number of missing valuesin the dataset for ages
other than two and three days, only these datawere retained in the dataset for the repeated-measures
analysis. The repeated-measures ANOV A model corresponding to the experimental design can be
written as follows:

Rijklm = p+t Ci + %(i) + Nk(j) + A| + (CA)n + Eijkim
where,
Rium = mMmultivariate response: % edema, % lordosis, and % hemorrhaging;
M = overal mean;
C. = treatment effect, i = 1to 3 treatments;
Sy = streameffect,j=1to 2 streams, nested within treatment, considered as a
random effect;
N = spawn effect, nested within stream, considered as a random effect, and the
subject for the repeated-measures analysis,
A, = ageeffect, k =110 7 days,
(CA), = interaction between treatment and age,i=1to3,k=1to 7; and
&wm = randomerror.

Beforethe analysis, normality and homogeneity of varianceweretested. The results are summarized
in Table 4-13. Because the raw data failed the test for normality, the arc-sine square-root
transformation was applied to the data, and tests of normality and homogeneity of variance werethen
performed on the transformed data. These results are also included in Table 4-13.
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Table 4-12. Repeated-measures Design for Field Nest Data—Study 11
Selenium % Abnormalities at Age (Days)
Treatment Stream Nest 1 2 3 4 5 6 7

D1 X X

D2 X X

D3 X X

D4 X

B1 X

B1l X X

B3 X X

B4 X X

B5 X X

B7 X

C3

C4 X

2 D1 X

B6

2.5 ug/L C3

%! X
C8

Al-1

Al-2 X

A2-1 X

10 pg/L A2-2

B1 X

Control

XXX IX|X
x

x

x

x

w
X | X |X|X

Cl X X

6 Al2 X
Al13-1 X X
Al3-2 X
Recovering A2-1 X

30 pg/L A2-2 X
A3 X X
A4 X
A5 X X

Table4-13. Testsof Normality and Homogeneity of Variance—Study |1 Field Nest
Data (Repeated-measures Analysis)

Nor mality Homogeneity of Variance
p-value using % edema|% lordosis % % edema| % lordosis %
hemor. hemor.
Raw data 0.0001* 0.0001* 0.0570 | <0.0001* *x <0.0001*
Arc-sine transformed data 0.0005* 0.0001* 0.0478* | <0.0001* *x <0.0001*

*  Significant p-value at o = 0.05.
**  Missing p-values resulted from all zero values of % lordosis for the control. As aresult, the standard deviation
cannot be computed, and the test cannot be performed.
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Because both the raw data and the transformed data failed the normality test, the ANOVA was
performed on ranked data as well. The ranks were constructed independently for ages of 2 and 3
days. Theresultsfor the ANOVASs are presented in Table 4-14.

Table 4-14. Repeated-measures ANOVA From PROC MIXED—Study |1

Field Nest Data
p-value (raw data) p-value (ranks)

Par ameters % edema |% lordosis % % edema |% lordosis %
hemor. hemor.
Treatment 0.0294* 0.1518 0.1211 0.2023 0.1788 0.0443*
Age 0.1617 0.2038 0.5031 0.4264 0.6817 0.5881
Age x Treatment 0.1389 0.0140* 0.4758 0.3318 0.0215* 0.4965

Stream(treatment), random *x 0.8353 *x 0.5790 *x *x

*  Significant p-value at a = 0.05.
** Missing p-values resulted from the variance components estimates being zeroes.

Table4-14indicatesthat theinteraction between age and treatment issignificant for % lordosis, using
both the raw data and rank transformed data; or, in other words, selenium effects differ for different
ages. As a result, the means test on the age x treatment interaction for % lordosis should be
examined. The results (“Tests of Effect Slices’ in SAS® output and Table 5-1) show that 10 pg/L
selenium had a significant effect on % lordosis at age 3 (raw data). At 2.5 ug/L, significant effects
on % lordosisalso occurred at age 2 (ranked data). Regarding treatment effects, repeated measures
analysis indicates that selenium had a significant effect at 10 pg/L on % edema (raw data) and %
hemorrhaging (ranked data). Age does not appear to have a significant effect on any of the three
measures. The complete output from PROC MIXED is presented in Appendix B. Theresultsof the
means test (Dunnett’s) for the treatment effect from PROC MIXED are summarized in Table 4-15.

Table4-15. MeansTest (Dunnett’s) for Repeated-measures ANOVA From PROC
MIXED—Study |1 Field Nest Data

Selenium Test of the difference (p-value, raw data) | Test of the difference (p-value, ranks)

Treatment % edema % lordosis % hemor. % edema | % lordosis | % hemor.
2.5-0.0 ug/L 0.999 0.638% 0.121 0.681 0.167* 0.075
10.0- 0.0 pg/L 0.027* 0.118° 0.163 0.159 0.2522 0.041*

* Significant p-value at o = 0.05.
& Significant p-value was found at o = 0.05 for treatment x interaction (see Table 4-14).

4.2.2 Study Il Egg Cup Data

ANOVA Analysis

The experimental design for Study 11 Egg Cup data, ignoring time effects, is summarized in Table 4-
16. Again, theinformation associated with the recovering 30 pg/L selenium treatment was not used
inthe analysis. Only incidence rates to the third day of sampling were evaluated. The data analysis
was truncated at three days because the starvation effect will more likely be confounded with the
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selenium effect after thethird day of the experiment. Based on the experimental design, thefollowing
ANOVA model was implemented:

Rijkl = p+t Ci + %(i) + Nk(j) + Eiji
where,

Riw = % hatch,
% survival (to the third day),
% edema (maximum incidence to the third day),
% lordosis (maximum incidence to the third day),
% hemorrhaging (maximum incidence to the third day),
% healthy® (minimum incidence to the third day);

M = overal mean;
C. = treatment effect, i = 1to 3 treatments;
Sy = Streameffect, j =1to 2 streams, nested within treatment, considered as a
random effect;
N = spawn effect, nested within stream, considered as a random effect; and
gw = randomerror.

Tests for normality on model residuals and homogeneity of variance among treatments on the
response variables were performed on the dataset. The results are summarized in Table 4-17.

Because the data failed the normality test for most of the response variables, and failed the
homogeneity of variance test for all the variables, the arc-sine square-root transformation was
applied to the data, and tests of normality on model residuals and homogeneity of variance on the
transformed data were performed. The results are summarized in Table 4-18.

This transformation resulted in an improved normality test on model residuals and homogeneity of
variance test for only one out of six response variables, i.e., maximum % hemorrhaging and
maximum % edema, respectively. The dataset was then rank transformed, and the ANOV A was
performed on both the raw data and the rank transformed data. The results are summarized in
Table 4-109.

Examination of Table 4-19 shows a treatment effect for maximum % edema and minimum %
healthy using both raw and ranked data. Means testing on these parameters show a significant
difference between the mean control effect and the mean 10 pug/L selenium effect. The p-values
of the meanstest are provided in Table 4-20.

Repeated-measures ANOVA

For the egg cup data, each cup was sampled for five days to observe the abnormalities among live
larvae. To account for any time-dependent correlation, a repeated-measures ANOVA was
performed. Theexperimental designfor the repeated-measuresanaysisissummarizedin Table4-21.
Before performing any analysis, the egg cup datawere examined for the occurrence of zero incidence

° % healthy = [# of live larvae - max(# of edema, # of lordosis, # of hemor.)] /# of livelarvae* 100 for each

observation. This calculation assumes the observations of multiple abnormality types always co-occurred in
the same group of “affected” organisms; hence the value may be overestimated when a violation of the
assumption occurs.
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values, assummarized in Table 4-22. Accompanying figures showing the zero percent abnormalities
are also presented in Appendix D. The analysisis performed on two datasets. the full time-series
dataset and the partial time-series dataset.

Table 4-16. Experimental Design for Study Il Egg Cup Data

Selenium % Survival tothe Third Day,
Treatment | Stream Spawn (nest) Maximum % Abnor malitiesto the Third Day?
1 (D1 S1, S2
2 (D2 S1, S2
1 3 (D3) S1, S2
4 (D4) S1, S2
5 (C2 S1, S2
Control 6 (C3) S, 2
1 (B3 S1, S2
2 (B7) S1, S2
5 3 (C2 S1, S2
4 (C3) S1, S2
5 (C4) Sl, S2
2 No Data
1 (C3 Sl1, S2, S3, H4, Sb, S6
2.5 ug/L 5 3 (C4 S1, S2
4 (C2) S1, S2
5 (C8) Sl, S2
1 (Al S1,S2,S3, A4
3 2 (AL S1, S2 (only 1 day' s data available)
10 pg/L 3 (A2 S1, S2
8 1 (Bl S1, S2
2 (B3) Sl, S2
4 No Data
6 1 (A9 S1, S2
) 2 (A3 S1
Rggo‘ig/'Lng 3 (A8) SL 2
4 (Al1) S1, S2
5 (A13) S1, S2
6 (A13) S1, S2

& Sx: Multivariate response observed for sample x (or cup x)

Table 4-17. Testsof Normality and Homogeneity of Variance—Study |1 Egg Cup Data
Nor mality

% hatch | % survival | Max % edema |[Max % lordosis [Max % hemor. | Min % healthy

p-value | 0.2096 0.8156 0.0001* 0.0001* 0.0008* 0.0001*
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Homogeneity of Variance
pvalue | <0.0001* | 00004« | <o0001r | <00001* | <00001* |  <0.0001
* Significant p-value at o = 0.05.

Table 4-18. Testsof Normality and Homogeneity of Variance—Study 11 Egg Cup
Data (Arc-sine Square-root Transformed Data)

Nor mality
% % survival [Max % edema | Max % lordosis |Max % hemor. | Min % healthy
hatch
p-value | 0.9239 0.8939 0.0001* 0.0001* 0.2270 0.0040*

Homogeneity of Variance
p-value | 0.0015* | 0.0004* 0.0638 0.0011* <0.0001* <0.0001*
* Significant p-value at o = 0.05.

Table4-19. ANOVA Results From PROC MIXED—Study 11 Egg Cup Data

% % M ax M ax M ax Min
Factors hatch | survival % edema % lordosis % hemor. % healthy

p-value (raw data)

Treatment 0.2770 | 0.2629 0.0012* 0.0597 0.0841 0.0129*

Stream(treat), random ok ok ok ok ok .

Spawn(stream), random | 0.0118* [ 0.0305* 0.0993 ** 0.0068* 0.0148*
p-value (rank transformed data)

Treatment 0.4061 | 0.3852 0.0362* 0.0548 0.0647 0.0491*

Stream(treat), random ok ok >k ok >k ok

Spawn(stream), random | 0.0200* | 0.0502 0.0514 ** 0.0289* 0.0344*

*  Significant p-value at a = 0.05.
** Missing p-values resulted from the variance components estimates being zeroes.

Table4-20. MeansTest (Dunnett’s) From PROC MIXED—Study 11 Egg Cup Data

Selenium % % Max % Max % Max % Min %
Treatment hatch survival edema lordosis hemor. healthy

Test of the difference (p-value, raw data)

2.5-0.0 ug/L 0.504 0.982 0.562 0.609 0.297 0.132

10.0- 0.0 pg/L 0.248 0.230 0.001* 0.050* 0.070 0.010*
Test of the difference (p-value, ranks)

2.5-0.0 ug/L 0.417 0.890 0.547 0.508 0.195 0.223
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Table4-20. MeansTest (Dunnett’s) From PROC MIXED—Study 11 Egg Cup Data

Selenium % % Max % Max % Max % Min %
Treatment hatch survival edema lordosis hemor. healthy
10.0- 0.0 pug/L 0.501 0.332 0.030* 0.045*2 0.055 0.040*

* Significant p-value at o = 0.05.
& Treatment effects were marginally nonsignificant at a = 0.05 (see Table 4-19).

Table 4-21. Study Il Egg Cup Data—Repeated-measures Design

_ Multivariate Response on Day
Selenium Cup (or
Treatment | Stream | Spawn (nest) | Sample) 1 2 3 4 5
1 X X X X X
1 (B1) 2 X X X X X
1 X X X X X
2 (b2 2 X X X X X
1 X X X X X
3 (B9 2 X X X X X
1
1 X X X X X
4 (D9 2 X X X X X
1 X X X X X
5 (€ 2 X X X X X
Control 6 (C3) ; X X X X X
X X X X X
1 X X X X X
1 (B3 2 X X X X X
1 X X X X
2 (B7) 2 X X X X X
1 X X X X
° 3 (€2 2 X X X X
1 X X X X X
4 (3 2 X X X X
1 X X X X
5 (@ 2 X X X X
2 No Data
2.5 ug/L 1 X X X X
7 2 X X X X
3 X X X X
1 (€3 4 X X X X
5 X X X X X
6 X X X X X
1 X X X X X
3 (9 2 X X X X X
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Table 4-21. Study Il Egg Cup Data—Repeated-measures Design

Multivariate Response on Day

Selenium Cup (or
Treatment | Stream | Spawn (nest) | Sample) 1 2 3 4 5
1 X X X X X
4 (2 2 X X X X
1 X X X X
5 (C§ 2 X X X X
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Table 4-21. Study Il Egg Cup Data—Repeated-measures Design

_ Multivariate Response on Day
Selenium Cup (or
Treatment | Stream | Spawn (nest) | Sample) 1 2 3 4 5
1 X X X X X
2 X X X X X
1 (A) 3 X X X X
4 X X X X
3 1 X X X X
2 (A 5 x
10 pg/L
1 X X X X
3 (A9 2 X X X X
1 X X X X X
1 (1) 2 X X X X X
8
1 X X X
2 (B3 2 X X X X
4 No Data
6 1 X X X X X
1 (A4 2 X X X X X
1 X X X X
2 (A3 No Data
Recovering 3 (A8) ; X i i i i
30 pg/L
1 X X X X
4 (A1) 2 X X X X
1 X X X X
5 (A3 2 X X X X X
1 X X X X
6 (AL3) 2 X X X X
Table4-22. Summary of Zero Abnormalitiesfor Study I1, Egg
Cup Data
Total # (Percent) of Zero Abnormalities
Total # of
Day Obs. Edema Hemorrhaging Lordosis
1 46 41  (89.1%) | 34 (73.9%) | 40 (87.0%)
2 56 37 (66.1%) | 35 (625%) | 37  (66.1%)
3 56 32 (57.1%) | 28  (50.0%) | 41  (73.2%)
4 55 30 (545%) | 28 (50.9%) | 43 (78.2%)
5 40 26 (65.0%) | 28 (70.0%) | 32  (80.0%)
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Full time-series dataset

Dueto therelatively high incidence of zero abnormalitiesat Day 1 for % edemaand % lordosis (see
Table4-22), these observationswere eliminated fromtherepeated-measuresSANOV A. Theresulting
dataset isreferred to asa“full time-series’ dataset. The following model based on the experimental
design presented in Table 4-21 was applied to this dataset:

Rijklmn = p‘ + Ci + %(i) + I\Ik(j) + Cpl(k) + Am + (CA)lm + ‘Sijklmn
where,
Riumn = Multivariate response: % edema, % lordosis, % hemorrhaging, and %
healthy;
M = overal mean;
C, = treatment effect, i = 1to 3 treatments;
Sy = Streameffect, j =1to 2 streams, nested within treatment, considered as a
random effect;
N = spawn effect, nested within streams, considered as a random effect;
Cpw = cup effect, nested within spawns, considered as a random effect;
A, = timeeffect, m=1to 5 daysfor % hemorrhaging and % heathy, m=1to 4
days for % edema and % lordosis;
(CA),, = Iinteraction between treatment andtime,i=1to 3, k=1to5 (or 1to 4);
and
wmn = randomerror.

Again, testsfor normality on model residuals and homogeneity of variance on the response variables
were performed on this dataset. The results are summarized in Table 4-23. Because the data
generally failed the normality test for % edema, % lordosis, and % hemorrhaging, the arc-sine square-
root transformation was applied to the data, and tests of normality on model residuas and
homogeneity of variance on the response variables were performed on the transformed data. The
results are also summarized in Table 4-23.

Because both the raw data and the transformed data failed the normality and the homogeneity of
variance tests, the ANOV A was also performed on the ranked response variables. The results are
summarized in Table 4-24.

Examination of Table 4-24 shows that the interaction between age (day) and treatment for the full
time-series data sets is significant for % edema (raw data), % hemorrhaging (raw and ranked), and
% healthy (raw and ranked), indicating that selenium effects differ for different ages. Asaresullt,
means tests were conducted on the day x treatment interaction for these variables. The results
(“Testsof Effect Slices’” in SAS® output and Table 5-2) show that 10 ug/L selenium had asignificant
effect on % edema (days 2-5, raw), % hemorrhaging (days 1-3, raw; days1-4, ranked), and % healthy
(days 1-5, raw and ranked). At 2.5 pg/L, selenium had a significant effect on % hemorrhaging (day
1, raw) and % hesalthy (day 1, raw). Detailed information can be found in Appendix B “PROC
MIXED Output from SAS®.” For measures where no significant interaction between age and
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Table 4-23. Testsof Normality and Homogeneity of Variance—Study |1 Egg Cup Data
(Repeated-measures Analysis Full Time-series Dataset)

Nor mality Homogeneity of Variance
% % % % % % % %
p-value using edema | lordosis | hemor. | healthy | edema | lordosis | hemor. healthy
Raw data 0.0001* | 0.0001* | 0.0001* | 0.0001* [<0.0001* | <0.0001* | <0.0001* | <0.0001*
Arc-Sine SqUare-root | o oy« | 9 0001* | 0.0001* | 0.0001* |<0.0001* | <0.0001* | <0.0001* | <0.0001*
transformed data

* Significant p-value at o = 0.05.

Table 4-24. Repeated-measures ANOVA From PROC MIXED—Study Il Egg Cup Data
(Full Time-series Dataset)

p-value (raw data) p-value (rank transformed data)

% % % % % % % %
Factor edema | lordosis | hemor. | healthy | edema | lordosis | hemor. | healthy
Treatment 0.0559 | 0.2974 | 0.0510 | 0.0080* |0.0375* | 0.0391* | 0.0303* | 0.0130*
Day 0.0001* | 0.3980 | 0.0174* | 0.0001* [0.0001* | 0.0041* | 0.0041* | 0.0002*
Day x Treatment 0.0001* | 0.7361 | 0.0064* | 0.0001* | 0.0804 | 0.0856 | 0.0104* | 0.0302*

Stream(treat), random 0.3653 | 0.3770 * * 0.7730 * 0.8831 *
Spawn(stream), random 0.1691 * 0.1920 | 0.0238* | 0.0515 * 0.5898 | 0.3136

*  Significant p-value at a = 0.05.
** Missing p-values resulted from the variance components estimates being zeroes.

treatment wasfound, repeated measuresanalysis and subsequent meanstesting indicate that selenium
had a significant effect at 10 pg/L on % edema (ranked) and % lordosis (ranked). Table 4-25
contains the complete results of the means testing. Age (day) effects were also significant on %
edema and % lordosis for the ranked data.

Table4-25. MeansTest (Dunnett’s) for Repeated-M easures ANOVA From PROC
MIXED—Study 11 Egg Cup Data (Full Time-Series Dataset)

Test of the Difference (p-value, raw data) | Test of the Difference (p-value, ranks)

Selenium % % % % % % % %
Treatment edema | lordosis | hemor. | healthy | edema | lordosis | hemor. | healthy

2.5-0.0 pg/'L 0.977° 0.952 0.256° 0.211° 0.684 0.269 0.171° 0.1228

10.0-0.0pg/L | 0.051° 0.264 0.042*# [ 0.007*# [ 0.032* 0.032* 0.025%# | 0.011*#

* Significant p-value at o = 0.05.
& Significant p-value was found at o = 0.05 for treatment x day interaction (see Table 4-24).

Partial time-series dataset
To address the concern that, during the last days of the experiment, a starvation effect could affect

fish response and thus confound the selenium effect, a second ANOVA model was implemented.
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This model, termed the partial time-series repeated-measures ANOV A, was performed on the egg
cup dataafter eliminating observationsfor Days4 and 5 from the full time-series dataset. Theform
of the ANOV A model is the same as that described above.

Thetestsfor normality on model residuals and the homogeneity of variance among treatmentson the
response variables for this partial time-series dataset were performed. The results are summarized
inTable4-26. Because the data generally failed the normality and homogeneity of variancetests, an
arc-sine square-root transformation was applied to the data, and tests of normality and homogeneity
of variance were performed on the transformed data. Theresultsare also summarized in Table 4-26.

Table4-26. Testsof Normality and Homogeneity of Variance—Study |1 Egg Cup
Data (Repeated-measures Analysis—Partial Time-series Dataset)

Nor mality Homogeneity of Variance
% % % % % % % %
p-value using edema | lordosis | hemor. | healthy | edema | lordosis | hemor. | healthy
Raw data 0.0001* | 0.0001* | 0.0001* | 0.0001* [<0.0001* [<0.0001* | <0.0001* |<0.0001*

Arc-sine square-root | 5 ho51+ | 0.0001% | 0.0001* | 0.0008* |<0.0001* |<0.0001* | <0.0001* |<0.0001*
transformed data

* Significant p-value at o = 0.05.

Because both the raw data and the transformed data failed the normality and the homogeneity of
variance tests, the ANOV A was also performed on the ranked response variables. The results are
summarized in Table 4-27.

Table 4-27. Repeated-measures ANOVA From PROC MIXED—Study Il Egg Cup Data
(Partial Time-series Dataset)

p-value (raw data) p-value (rank transformed data)

% % % % % % % %
Factor edema | lordosis | hemor. | healthy [ edema | lordosis | hemor. | healthy
Treatment 0.0945 0.0618 0.0580 [ 0.0227* [0.0201* | 0.1427 | 0.0384* | 0.0244*
Day 0.0001* 0.6258 0.2804 ([ 0.0001* | 0.7070 | 0.8787 | 0.0736 | 0.6089
Day x Treatment 0.0001* 0.7862 | 0.0259* | 0.0001* | 0.4508 | 0.4639 | 0.0071* | 0.0154*

Stream(treat), random 0.3504 * * * * 0.4679 * *
Spawn(stream), random | 0.8744 * 0.1218 | 0.0189* | 0.1198 * 0.0600 | 0.1102

*  Significant p-value at a = 0.05.
** Missing p-values resulted from the variance components estimates being zeroes.

Examination of Table 4-27 showsthat the interaction between age (day) and treatment for the partial
time-series data sets is significant for % edema (raw data), % hemorrhaging (raw and ranked), and
% healthy (raw and ranked), indicating that selenium effects differ for different ages. These results
are consistent with those of the full time-series dataset (Table 4-25). Means tests were conducted
on the day x treatment interaction for these variables. The results (“Tests of Effect Slices’ in SAS®

- DRAFT FOR PEER REVIEW- 36 -DONOT CITE OR QUOTE-



output and Table 5-2) show that 10 pug/L selenium had a significant effect on % edema (days 2 and
3, raw), % hemorrhaging (days 1-3, raw and ranked), and % healthy (days 1-3, raw and ranked). At
2.5 pg/L, selenium had a significant effect on % hemorrhaging (day 1, raw) and % healthy (day 1,
raw). Detailed information can be found in Appendix B “PROC MIXED Output from SAS®.” For
measures where no significant interaction between age and treatment was found, repeated measures
analysis and subsequent means testing indicate that selenium had a significant effect at 10 pg/L on
% edema (ranked) and % lordosis (ranked). Table 4-28 contains the complete results of the means
testing. No statistically significant age (day) effects were found for measures shown to have no
significant age and treatment interaction.

Table4-28. MeansTest (Dunnett’s) for Repeated-measures ANOVA From PROC
MIXED—Study Il Egg Cup Data (Partial Time-series Dataset)

Test of the Difference Test of the Difference
(p-value, raw data) (p-value, ranks)
Selenium % % % % % % % %
Treatment | edema | lordosis | hemor. | healthy | edema | lordosis | hemor. | healthy
25-0.0 0.998% 0.563 0.2522 0.300* 0.723 0.918 0.259% 0.235%
10.0-0.0 0.089% 0.051 0.048* | 0.018** | 0.017* 0.126 0.031*? [ 0.020**

* Significant p-value at o = 0.05.
& Significant p-value was found at a= 0.05 for treatment x day interaction (see Table 4-27).

4.2.3 Study Il Field Nest Data

ANOVA Analysis

The experimental design for the Study 111 Field Nest Data, ignoring time effects, is summarized in
Table 4-29. As before, observations associated with the 30 pug/L selenium treatment were not
evaluated.

Table 4-29. Experimental Design for Field Nest Data—Study 11

Selenium
Treatment Stream Maximum % Abnor malities from Each Spawn
1 1,234
Contral
5 1,23
25 gl 2 1,234
~H 7 1,2
10.0 pg/L > L23
ol 8 1,234
300 gl 4 1,2,3,4,56,7
ol 6 No Data

The following mixed model was performed on the Study |11 Field Nest Data, with stream considered
as the random effect:

Rk = R+C+3,+e
where,
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Ry = multivariate response: % edema, % lordosis, and % hemorrhaging (all
maximum incidence per nest);

M = overal mean;
C, = treatment effect, i = 1to 3 treatments;
Sy = streameffect,j=1to 2 streams, nested within treatment, considered as a

random effect; and

gx = randomerror.
As before, the normality of the model residuals and the homogeneity of variance among treatment
levels for the dependent variables were tested. Theresults are summarized in Table 4-30. Thearc-

sine square-root transformation was also applied to the dataset, and the tests for normality and
homogeneity of varianceon thetransformed datawere performed and also summarized in Table 4-30.

Table 4-30. Testsof Normality and Homogeneity of Variance—Study 111 Field

Nest Data
Nor mality Homogeneity of Variance
M ax M ax M ax M ax M ax M ax
p-value using % edema | % lordosis |% hemor. |% edema | % lordosis|% hemor.
Ra\N data * % * % 00001* * % * % * k%
Arc—sinesquare—root * % *k * * % * % *k ok
transformed data 0.0001

*  Significant p-value at o = 0.05.
**  Missing p-values are due to all zero values in the dataset.
*** Not calculable, given the values in the dataset.

The unavailability of test results (missing p-values) for maximum % edema and % lordosis results
from the fact that the values for these variables are all zeroes for treatments O, 2.5, and 10 pg/L in
the dataset. Because both the raw data and the transformed data failed the normality test for
maximum % hemorrhaging, the ANOV A was performed on the ranked data. The ANOV A results
on both the raw data and the rank transformed data are summarized in Table 4-31.

Table4-31. ANOVA Results From PROC MIXED—Study |11 Field Nest Data

Test of Parameter Significance Test of Parameter Significance
(p-value, raw data) (p-value, ranks)
M ax M ax
M ax M ax % M ax M ax %
Par ameter % edema | % lordosis| hemor. |% edema|% lordosis| hemor.
Treatment NA NA 0.3360 NA NA 0.3703
Stream(treatment), random NA NA ol NA NA 0.9384

*  Significant p-value at a = 0.05.
** Missing p-values resulted from the variance components estimates being zeroes.
NA means not available, because all values were zeroes.
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Because the treatment is not significant for maximum % hemorrhaging, the means test was not
performed.

Repeated-Measures ANOVA
Dueto alarge number of missing valuesfor “age’ inthedataset, the repeated-measuresANOV A was
not performed.

4.2.4 Study Il Egg Cup Data

ANOVA Analysis

The experimental design for Study I11 Egg Cup data, ignoring time effects, is summarized in Table
4-32. Again, observations associated with the 30 pg/L selenium treatment are not included in the
analysis. The following multivariate ANOV A model was performed on this dataset based on the
experimental design:

Rk = R+C+3,+e
where,

Rk = % hatch,
% survival (to the third day),
% edema (maximum incidence to the third day),
% lordosis (maximum incidence to the third day),
% hemorrhaging (maximum incidence to the third day),
% healthy (minimum incidence to the third day);

M = overal mean;
C, = treatment effect, i = 1to 3 treatments;
Sy = Streameffect, j =1to 2 streams, nested within treatment, considered as a

random effect; and
gx = randomerror.

Again, testsfor normality of model residuals and homogeneity of variance of the response variables
were performed on this dataset. The results are summarized in Table 4-33.

The missing p-values in the above table result from the occurrence of al zero values for maximum
% edema and % lordosis per spawn in the dataset. Although two variables failed normality tests
(max % hemorrhaging, %healthy) and only one variable failed the homogeneity of variance tests
(max % hemorrhaging), the arc-sine square-root transformation was applied to al variablesin the
dataset, and tests of normality and homogeneity of variance were performed on the model using
the transformed data. The results are summarized in Table 4-34.

Although only one variable (maximum % hemorrhaging) failed the normality and homogeneity of
variancetestsin both the raw data and transformed datasets, ANOV As on both theraw dataand the
rank transformed data were performed. The results are summarized in Table 4-35. Because the
treatment effects are not significant for the response variables, the means test were not performed.

Repeated-Measures ANOVA

Due to predominantly zero values for the response variables in this dataset, the repeated-measures
ANOVA was not performed.
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Table 4-32. Experimental Design for Egg Cup Data—Study 111

Selenium
Treatment Stream Spawn (nest) | Maximum Incidence to the Third Day?

1 1 (B5) Sl
2 (B1) S1
Contral 1 (AL) S1
5 2 (B1) S1
3 (B 2
1 (D2) S1
2 2 (D6) Sl
3 (AL) S1
1 (A3) Sl
Recovering 2 (A3) 2
2.5 pg/L 3 (Ad) S1
7 4 (B2) S1
5 (A3) S1
6 (B3) Sl
7 (B4) Sl
1 (AL) S1
Recovering 8 2 (A2) Sl
10 pg/L 3 (A5) S1

3 No Data
1 (C1) S1
2 (C3) Sl
Recovering 4 3 (C4 Sl
30 pg/L 4  (C6) S1
5 (C7) S1

6 No Data

a

S1: multivariate responses for sample 1 (or cup 1).

Table 4-33. Testsof Normality and Homogeneity of Variance—Study |11 Egg Cup Data

Nor mality
% hatch | % survival | Max % edema |[Max % lordosis [Max % hemor. % healthy
p-value | 0.4170 0.4474 ** ** 0.0001* 0.0001*
Homogeneity of Variance
p-value [ 0.6849 0.1543 o * <0.0001* *

*  Significant p-value at a = 0.05.
** Missing p-values are due to al zero values in the dataset.
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Table4-34. Testsof Normality and Homogeneity of Variance—Study |1

(Arc-sine Square-root Transformed Data)

Egg Cup Data

Nor mality
% % Max Max M ax %
hatch survival % edema % lordosis % hemor. healthy
p-value | 0.4781 0.6998 ** o 0.0001* 0.0001*
Homogeneity of Variance
p-value 0.9789 0.1324 *x *x <0.0001* *x
*  Significant p-value at a = 0.05.
** Missing p-values are due to al zero values in the dataset.
Table4-35. ANOVA Results From PROC MIXED—Study |11 Egg Cup Data
% % Max Max M ax %
Factors hatch | survival % edema % lordosis % hemor. healthy
p-value (raw data)
Treatment 0.4628 | 0.6525 NA NA 0.2424 NA
Stream(treat), random *x *x NA NA *x NA
Spawn(stream), random | 0.0065* | 0.0064* NA NA 0.3840 NA
p-value (rank transformed data)
Treatment 0.4662 | 0.5861 NA NA 0.2424 NA
Stream(treat), random *x *x NA NA *x NA
Spawn(stream), random | 0.0080* | 0.0079* NA NA 0.0276* NA

*  Significant p-value at a = 0.05.
** Missing p-values resulted from the negative variance components estimates.
NA means not available because all values were zeroes.
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SECTION 5
SUMMARY AND CONCLUSIONS

The statistical findings from Studies || and I11 are summarized below. Additional summaries of the
statistical results of selenium effects on progeny in Study Il are provided in Tables 5-1 and 5-2,
respectively.

Bluegill Survival and Growth

This study found that selenium concentrations of 2.5 and 10 pg/L did not significantly influence
survival or growth of juvenile and adult bluegills.

Adult Spawning Activity and Effectson Progeny (Field Nest Data)
Study 11 Results

Effectsof 2.5 ug/L Selenium. ANOV A results on maximum % abnormalitiesfromthe Field Nest
Study Il indicate that 2.5 pg/L selenium resulted in statistically significant effects on larvae for
one of the three measures (maximum % hemorrhaging) based on ranked-transformed data
(p<0.05, Table 5-1). Repeated measures analysisindicates asignificant interaction between age
and treatment effectsfor % lordosis. Subsegquent meanstesting indicatesthat 2.5 pg/L selenium
resulted in statistically significant effects on % lordosis for two-day old larvae using ranked-
transformed data.

Effectsof 10 pg/L Selenium. ANOV A results on maximum % abnormalitiesfromthe Field Nest
Study Il indicatethat 10 pg/L seleniumresultedin statistically significant effectson larvae for two
of the three measures (maximum % edema—raw and ranked data; maximum %
hemorrhaging—raw data, Table5-1). Repeated measuresanalysis and subsequent meanstesting
indicate that 10 pg/L selenium resulted in statistically significant effects on % edema (raw data)
and % hemorrhaging (ranked data). Repeated measuresanalysisindicatesasignificant interaction
between age and treatment effects for % lordosis. Subsequent means testing indicates that 10
Mg/L resulted in significant effects on % lordosis for three-day old larvae using raw data. No
statistically significant effects were observed on % lordosis at 10 pg/L for two-day old larvae
(ranked data) despite such effects occurring at 2.5 pug/L (see above).

Study |11 Results

No statistically significant effect of seleniumwas found on any of the three abnormality measures
on larvae in streams recovering from prior selenium additionsin Study I1.
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Adult Spawning Activity and Effectson Progeny (Egg Cup Data)
Study 11 Results

Effectsof 2.5 ug/L Selenium. ANOV A results on maximum % abnormalities fromthe Egg Cup
Study Il indicatethat 2.5 pg/L selenium resulted in no statistically significant effectson larvaefor
any of the four abnormality measures (Table 5-2). Repeated measures analysis indicates a
significant interaction between age and treatment effects for three of the four measures (%
edema—raw data; % hemorrhaging—raw and ranked data; % healthy—raw and ranked data).
Subsequent means testing indicates that 2.5 pg/L selenium resulted in statistically significant
effects on % hemorrhaging and % healthy for one-day old larvae using the raw data. Analysis
of the full and partial time-series data sets showed consistent resultsfor age-dependent effects at

2.5 ug/L.

Effectsof 10 ug/L Selenium. ANOV A results on maximum % abnormalities from the Egg Cup
Study Il indicatethat 10 pg/L seleniumresulted instatistically significant effectson larvaefor two
of the four abnormality measures (maximum % edema—raw and ranked data; maximum %
healthy—raw and ranked data, Table 5-2). Repeated measures analysis and subsequent means
testing using the full time-seriesdataindicate that 10 pg/L selenium had a statistically significant
effect on % edema (two- through five-day old larvae—raw data), % hemorrhaging (one- through
three-day old larvae—raw data; one- through four-day old larvae—ranked data), and % healthy
(one- through five-day old larvae—raw and ranked data). For abnormality measuresthat did not
show a significant age and treatment interaction, repeated measures analysis indicates that
statistically significant effects occurred at 10 pg/L for % edema (ranked data) using both thefull
and partial time-seriesdataand % lordosis (ranked data) using the full time seriesdata. For days
common to the two time series, analysis of the full and partial time-series data sets generally
showed results with respect to age-dependent effects at 10 pug/L.

No statistically significant effect of seleniumwasfound on % hatch or % survival of larvaeinegg
cupsin Study I1.

Study |11 Results

No statisticaly significant effect of selenium was found on any of the four % abnormality
measures on larvae in streams recovering from prior selenium additionsin Study 111. Similarly,
no statistically significant effect of selenium was found on % hatch or % survival of larvaein the
recovering streams of Study I11.
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Table5-1. Summary of Statistical Resultsfrom Study 11 Field Nest Data®

% edema % lordosis % hemorrhaging
Statistical M ethod Raw Ranked Raw Ranked Raw Ranked
(Factor) Data Data Data Data Data Data
ANOVAP S, 10 S, 10 NS NS NS S 25
(Treatment) Ho/L Ho/L (p= Hg/L
(p= (p= 0.057) (p =0.022)
0.020) 0.020) S, 10 pg/L
(p=0.014)
Repeated-Measures S, 10 NS -¢ -¢ NS S, 10 pg/L
(Treatment) pg/L (p=0.042)
(p=
0.027)
Repeated-Measures NS NS S, 10pug/L age | S, 2.5ug/L age NS NS
(Treatment x Age) 3 2
(p = 0.035)¢ (p=0.031)°

means test unless otherwise noted.
NS = not statistically significant (p>0.05. p-values were reported if p<0.10).
Unless otherwise noted, Tukey's and Dunnett’s showed consistent overall indication of statistical significance.

® Qo O T

ANOVA was performed on maximum % abnormality per nest.
Statistically significant p-value was found at o = 0.05 for age x treatment interactions.
This p-value is from Tukey’'s means test, Dunnett’ s test results are not reported.

Tukey' stest of the means was marginally not significant (p = 0.069).
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