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Simmary

In respect tathe | { 9 t draf2whole fish tissue body burden criterion for seleniu.91 mg/kg dry
weight(USEPA, 2@), potentiallyrevised to 11.Ing/kg dry weigh{USEPA, 2008)the West Virginia
Department of Environmental ProtectigVVDEPhas studied selenium bioaccumulation among fishes
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population health atocations subjected to elevated selenium inputs, particularly duttiegnore
sensitivedevelopmentalife stagef fishes(e.g. yolksac larvae)the WVDEP has collected and
examhed bluegill sunfish.epomis macrochirykarvae {chthyoplanktor) from selectedvaterbodies

since 2007 Also,in 2009,WVDEmegan acquiring data abosgelenium concentrations within fish eggs,
which is ofterusedas apredictor of larval deformity rate(Lemly, 1997; Holret al., 2005; Muscatello

et al., 2006). Certaindevelopmental deformitiesnayalsobe observed among individuadsrviving to

later life stagegNagancet al., 2007) consequentlyWWVDEP has conducteeformity surweys of adult
fishesin selenium enrichd waters as well aat reference locationsince 2008

Larval deformity rates were variable throughout the study duratiohwere nonethelessassociated

with waterborne selenium exposureReference locationgroducedagebasedlarvalbluegill

subsample (24-168 hours)with deformity ratesbetween 0% and 1.2% whereas, locations with
elevated seleniferous inputs exhibitédliegill ichthyoplanktordeformity ratesranging from 0% to
47.568%in certain developmental stag€$0-312 hours) However, these evaluations were not
indicative of overall reproductive success or population sustainability, which must be determined via
more detailedstudies. Independent confirmation of seleniwimduced larval deformities among
bluegill populationsampled in 2008 was sought via collaboration with Dr. Diana Papdtilsas,
Research Biologidtinited Sates Geologicalurvey (USGSEolumbia, MO, who verified the presence of
developmental deformities. Maximum deformity rates amarggtain aged blueilj subsamplesas
determined throughtheseevaluations werel9.28%, representing specimens collected from selerium
enrichedwaters.Concentrations of selenium within fish eggs also varied accordistly location and
ranged from<0.8 mg/kg dry weight amng bluegill eggs at the control site td.62mg/kg dry weight
among largemouth bas®jicropterus salmoidesggs collected from seleniuanrichedwaters.

Searches for wre mature, yet developmentalgieformed fishes revealeithcreased deformity rates
(14%) among largemouth bass residing in the Upper Mud River ReqggivtiRR) Lincoln County, West
Virginig as compared taeformity rates amondargemouth bass founah the reference location (0%),
Plum Orchard Lak@OL)FayetteCounty, West Virginia.

Background

Among oviparous vertebrates, the teleost fish eggl embryo contained withirepresents a life stage
which is susceptible to the effects of bioaccumulative toxicants through the processes of maternal
transfer(Russelét al., 1999) Spedically, potentially detrimental substancé&e seleniumare accrued
via maternal diet and storeh the liver. During oogenesis, or egg formation, these substances are
transferred from the maternal liver, through the circulatory system, into the oo¢stg cell) as yolk
(EvanskClaiborndgeds], 2006. Developmental deformities maen be incurred as a result of natural



growth phenomenawith the embryoutilizing contaminants (e.g. elevated selenium concentrations)
instead of typical organic and irganic constituent§Rolland, 2000; Strmaat al., 2002; Zamboninet

al., 2005) Selenium beinga chemical analog of sulfus especially detrimental when substituting

sulfur in proteinsynthesisas the structural confirmatiois compromised. Seleniun-induced
developmental deformities can be manifest in several ways, but most often result in embryonic spinal
curvatures, anomalous yolac d@sorption, andmalformed craniofacial featurggemly, 1997; Holrat

al., 2005) Such teratogenic conditions mbg inherently lethal, or may cause a reduction in the overall
fithess of the organism, resulting in delayed morta{iBjllespie& Baumann, 1986; Pyrafa Beitinger,

1989)
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experimentallyobservedmpads to sunfisit specifically, bluegill sunfigUSEPA, 2004; USEPA, 2008)
Therefore, the reproductive activities of bluegill sunfish were the focus okthidy. More pecifically, a
comparison ofeproductivesuccess measured through developmental deformities observed among
yolk-sac larvaeof bluegill sunfish populations inhabitisgleniumenriched waters versukoseresiding

in reference locations was theajor objective of this investigationHowever, imprtant contributions

from the scientific literature have recently been made via correlations between selenium concentrations
in maternal eggand subsequent deformity rates among developing larftasnly, 1997; Holrat al.,

2005; Muscatellet al., 2006) Accordinglycollections of fish eggs from gravid females of vagiou

species, inhabiting environs with diverse selenium inputs, were made by WVDEP personnel. Subsequent
analyses of theelenium tissue concentrations within these eggs allowed for commagit eggtissue
concentration threshold$or seleniumsuggested in the literature, albedimong different fish species,

and were also an experimental objectivEurthermore, it was surmisdbat establishing such selenium

egg tissue concentrations amongrtain species would providealuable informatiorregarding poorly
understood bioaccumulatn mechanisms (e.g. selenium accrual by stream fishes in fluvial environs).
Lastly, developmental deformities persisting among more mature individuals are otbserved at

locales experiencing selenidimduced toxicity to the fis community(Lemly, 1993; Hamiltoat al.,

2005). In May, 2007, WVDEP andit¢d States Fish and Wildlife Service (USHW/8)gists first

observeda potentially developmentaligeformedlargemouth bass at a seleniuenriched

impoundment the Upper Mud River Reservoir. Since that time, several deformity surveys have been
conducted at this location and at reference sites in order to determine the persistence of such
developmental deformigsamong theresident mature fish populations.

Study Locations

The primary study locations, which correspongtiential anthropogenic selenium inpa{Appendix

A), were located witlin similar coalbearing geologic strata and are warmwater fisheries aged by the
West Virginia Division of Natural Resourmcdise Upper Mud River Reservoir and Plum Orchard Lake
(Figure 1) These locations were sites lodth fertilized bluegill egg collection and stripped (maternal)
egg collection for selenium tissuerentration determination.The Upper Mud River Reseiwvis a
306-acre impoundment located in Lincoln County, WV, which is formed by the dammed confluence of
the main forks of the Mud Riverdtwas first inundated in 199 Upstream of this reservoirighificant
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surface mining activities have introducetkvated levels of selenium into the watersheé previous
WVDEP study identified Upper Mud River Reservoir as having the highest measured selenium
bioaccumulation facto(BAFamonglenticwaters evaliated in the Statghigher BAFs are often more
common in lentic environsln contrast, Plum Orchard Lake i2G2-acre impoundment located in
Fayette County, WV. Impounded in6®this reservoir haminimal upstream disturbance and low
waterborne selenim concentrations. Subsequent to collection of fertilized bluegill eggs from these
locations, specimens (eggs) were transported to WVDEP headquarters, Kanawha County tNVgV, for
ichthyoplankton rearing portion of the study.

Additional study locations &re selected in regard to stream flaamd selenium inputs, both of which
may affect bioaccumulation in resident fluvial fish communitidsthese locations, gravigggbearing)
females of certain fish species were stripped of their eggs, which wenedatdyzed for selenium
content. Ash ForkNicholas County, W¥ind Davis CreelKanawha County, W¥erved as stream
reference locations, containing fish communities exposed to low waterborne selenium 18asig.
Creek Boone County, W\and Mud RiverLincoln County, W\yere selected as stream fisheries with
elevated waterborne selenium exposuilee to upstream mining activitiggigure 1 Appendix A

Figure 1. Study site locations in West Virginia.
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Experimental Methods

ICHTHYOPLANKTON

The spawmg activities of bluegill sunfish populations at the Upper Mud River Reservoir and Plum
Orchard Lake were monitored throughout tepring seasons of the study yea?€072009

Observation®f water temperature, male nedtuilding activities, and femaléagying were made while
nest site locations were identified and geeferenced. Once initiated, spawnipgenomena were
observed and photographed as well as restricted from extraneous human disturlbagcat the Upper
Mud River Reservoir swimming bedchMaterials used by male bluegills to line nest depressions were
inspected periodicayl until affixed eggs were foundRelict Asian clan€orbicula flumineashells were
primarily used by bluegills as nesting substrate in the Upper Mud River Reseitveieas, small
cobblestones, twigs, and pine cones lined bluegill nes®um Orchard Lake.

Fertilized eggsaffixed to nesting substratevere collected by hand and immediately transferred into
48-quart coolers filled with water from the spawningeais. The coolers were mechanically aerdigd
two battery-powered aerators and anhdard aquarium air stonesAfter securing the inundated
eggs/nest substrate along treeratedcooler bottom the specimens were transported to WVDEP
headquarters, where 1@allon aquaria were prearranged to accept the substafixed eggs and
collected water. Eggs amestsubstrate were carefully and evenly distributed by hand along the
aquarium floors, following the addition of the aerated watfifiree 108gallon aerate aquariums were
used to contain the egg specimens from each study location, totaling six aquariums for entire
ichthyoplankton rearing experimerfFigure 2) Eggs and nest materials not placed in the experimental
aguaria were retained in the aerated coadehroughout the remainder of the studyPhysicochemical
parameters and other water quality constituents (e.g. dissolved metals and nutrients) were measured in
the incubation medium (aquarium water) periodically throughout the sttalgssurehabitat stability.
Additionally, aquarium waters during the 2009 study year were treated with dilute (0.05%) bleach,
sodium hypochlorite, and formaldehyde (1%) in order to curtail growth®®gg fungusSaprolegnia

sp.

Developing bluegill larvasere removed fron the aquarigbeginningl0-24 hours afterreaching gost
hatch tailfree life stage.Larvae were extracted iinactions of the total number observed atday

intervals. Removal of the larvae was accomplished through a large diameter bulb ppettavae

were transferred, along with a small volume of aquarium water, into sterile 250 ml plastic beakers.
Photographs and video images of extant (living) larvae in the beakers were made via Bodelin ProScope
HR at 50x magnificaticand an ocular lensiicros@pe cameraat various magnificationsFollowing
photography, the larvagn the beakersywere placed io a-80°C freezer for approximately 20 minutes

in order to induce a state of torpofThe beakers were then removed and the surficial chilled water was
extracted with the bulb pipette, leaving the torpid larvae and a small volume of water at the bottom.
Formaldehyde, buffered and diluted to 10%, was subsequently added to the betmitaling a volume

of 200 ml, which instantly preservédde anesthetizel larvae. The fixed larvae were retained in these
vessels throughout the remainder of the study, being removiecbulb pipetteonly for deformity
screening.



Figure 2. Typical aquarium layout, n&erbicula flumineaelict shells along bottom.

Sceening of the preserved bluegill larvae for developmental deformities was accomplished via light
microscopy using VWR VistaVision dissecting microscdypsanalous larvae were grouped into four
categories: craniofacial, spinal, yellic, and othedeformities. Reference literature regarding
ichthyoplankton identification andeleniuminduced developmental deformities includgdS Y & Q&
(1997)0A Teratogenic Deformity Index for Evaluating Impacts of Selenium on Fish Popidatinwhs
Lippsont Y R a 2 Na4)jendal forvdentification of Early Developmental Stages of Fishes of the
Potomac River Estuargs well as otherelated publications (Holm, 2002anz& Muscatello, 2008
Confirmation of larval deformitieamong2008-collected pecimenswvas performel by Dr. Diana
PapouliasFish Research Biologist, USG&umbia, MO.Dr. Papouliagvaluated 60.5% of tBour
larvae,89.2% of 126hour larvae and 40.6%f 192hour larvae that WVDEP reared and examiimed
2008. Histological assessments of gebluegill ichthyoplanktorwere made via standard light and
specializednicroscopy (Papoulias, pemm., 2009.




EGG TISSUE

Gravid female stream and lake fishes were collected by standard electrofishing tech(URERBA,

2000). Individuals were lideptin ambient water until dissection, enthe gonadsvere removed

from the body cavity. Ovaries were further dissected and the eggs within were removed via small

laboratory spatula. Once extracted, eggs were planeéddividual sterile beakersy were canposited

with the eggs of other individuals of the same spetieachieve a minimum analytical mass
Specimens were keptat¥0 dzy G Af OKSYAOFf FylfteasSa ¢SNB LISNF2NY
Laboratory Analysis Method 200.3, which is the basis foivddion of wholebody selenium

concentrations in fish tissue (USEPA, 1991).

Results and Conclusions

2007 ICHTHYOPLANKTON

Deformity rates among 2007 bluedidhthyoplanktornwere as high as 1@ of the sampled population
although, the total number ofecimens evaluated was relatively snatlb69individuals(Table 1;

Figure 3. Thesedeformity rates could not be compared to those from a reference populatidhe Left
Fork/Mud River portion bthe Upper Mud River Reservoir asvaislater found to ke influenced by the
seleniumenriched part of the impoundment.However, a small number of bluegill larvae, 72 individuals,
were collected from another reference location, Plum Orchard Lake. Upon evaluation of these
reference specimens for anomalies, nomere foundto be deformed 0% (Table 1; Figu®. Of the
deformities among specimens from seleniwmriched locations, mosvere categorized as spinal
anomalies; however, each of the deformity categories was represented in the populAppendixC).

2008 ICHTHYOPLANKTON

During the 2008 study year, the location gbductivereference (noAmpacted) spawning bluegill

sunfish population was of paramount importan@point of comparison to the presumaldgleniun

impacted ichthyoplankton was an expextntal necessity Consequently, Plum Orchard Lakayette

County, WV, was targetl as such a reference location due to its geography/geology as wedllawit

anthropogenic selenium input. However, attempts to locate bluegill nests within the impoumdme

were unsuccessful as therolific growth offragrantwaterlilies,Nymphaea odoratacovered the surface

gl GSNI YR &aKIFRSR (KS 1 1SQa o02G02Y FNRY QAaraoftS 2

Bluegill ichthyoplankton were collected from the seleniimfluenced population in the pper Mud

River Reservair Theagebaseddeformity rateamong these specimens ranged from O to 47.5g%ble

1). The total number of specimens evaluateg WVDEI 2008 was 4,074. Dr. Diana Papoulias, USGS,
Columbia, MO, confirmed the presence of sélen-induced developmental deformities among a subset

(1420 individualsdf the 2008 Upper Mud River Reservoir bluegill ichthyoplanton 5 NJ» t | LJ2 dzf A I &
observedagebaseddeformity rate ranged from 2.54% t@9.28% (Tablel;Figure3; Appendix CDr.
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evaluation of 2.54%, considering 89.2% oféhe YS & LISOAYSya o 2 +o@ larged S O f dz
revealed a deformity rate of 47.56% as compared to 4.43% bydpoulias, who examined only 40.6%

of the total specimens.2 Y aA RSN} GA2Y Ydzad o0S Hghed@solutiore 5 NI t I LI2 d
microscopyandthat theseconfirmations are not based on evaluations of identsi#bsamples

Figure 3. Larval bluegiiinfish,Lepomis macrochirydeformity rates at study locations, 20009.
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During the 2008 study year, the prevalence of the egg furgagrolegnia spinall experimental

aquaria necessitated the removal @ftrappedlarvae from the fungal masor mycelium Since it was
documented that developmentally deformed individuals were not able to swim normally (Gillespie &
Baumann, 1986), thesspecimers were carefullgxtractedfrom fungal hyphae andrereincluded in the
deformity evaluationsn the same manner amdividuals freely capturedMany of larvae removed from

the fungal myceliumwere found to be developmentally deformed.

Table 1. Deformity evaluations of bluegill sunfisepomis macrochirygchthyoplankton 200-2009.

: # Specimens Observed
Site Date Preserved Evaluated Anomalies % Anomalous
UMRR-Rt 6/1/07 193 21 10.88
UMRR-Rt 6/4/07 97 8 8.25
POL 6/6/07 72 0 0.00
UMRR-Rt 6/8/07 157 18 11.46
UMRR-Lf 6/8/07 6 0 0.00
UMRR-Lf 6/11/07 25 3 12.00
UMRR-Rt 6/11/07 91 9 9.89
UMRR-Rt 6/4/2008 808 0 0.00
UMRR-Rt* 6/4/2008 180 6 3.33
UMRR-Rt* 6/4/2008 158 30 18.99
UMRR-Rt* 6/4/2008 151 9 5.96
UMRR-Rt 6/5/2008 589 0 0.00
UMRR-Rt 6/7/2008 1399 24 1.72
UMRR-Rt* 6/7/2008 698 damaged damaged
UMRR-Rt* 6/7/2008 216 damaged damaged
UMRR-Rt* 6/7/2008 147 damaged damaged
UMRR-Rt 6/9/2008 867 22 2.54
UMRR-Rt* 6/9/2008 46 25 54.35
UMRR-Rt* 6/9/2008 585 112 19.15
UMRR-Rt* 6/9/2008 102 6 5.88
UMRR-Rt* 6/9/2008 40 6 15.00
UMRR-Rt 6/12/2008 389 185 47.56
UMRR-Rt* 6/12/2008 158 7 4.43
UMRR-Rt* 6/12/2008 150 damaged damaged
UMRR-Rt 6/19/2008 22 5 22.73
UMRR-Rt 6/13/2009 1456 2 0.14
UMRR-Rt 6/16/2009 2191 303 13.83
UMRR-Rt 6/18/2009 1602 197 12.30
UMRR-Rt 6/20/2009 3528 9 0.26
UMRR-Rt 6/22/2009 1276 30 2.35
POL 6/16/2009 428 2 0.47
POL 6/18/2009 157 0 0.00
POL 6/20/2009 79 1 1.27
POL 6/22/2009 650 4 0.62

*Determinations made by Dr. Diana Papoulias, USGS.
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2009 ICHTHYOPLANKTON

Attempts to collect a reference population of bluegill ichthyoplankton in 2009 were successful as 1,314
specimens were preserved from Plum Orchard Lékable 1figures 3 &7). Among these individuals, a
maximum deformity rate of 27% was observed, and most anomalies were considered slight. In
contrast, larval deformity rates were as highl&s83% among blugill ichthyoplankton collected from
the Upper Mud River Reservoir (Table 1), and many individuals were impacted {sayadema
(Figures4, 5, & §. A total of 10,053 individuals were examined from the selerAnfinenced

population. Observations offaal viability in the aquaria also revealed the phenomenon of delayed
mortality, where certain impacted individuals did not survive beyond defined life stages (ehguv2
larvae afflicted by yolsac edema eventually died due to their deformities). Sielayed mortalities,
particularly related to yollsac edema, were likely a result of congestive heart failure caused by
increased fluid in the pericardial region (Figure 5) and/or feeding disruption caused by the ventral
extension, or gape, of the mand#(Figure 6).

Figure 4. Multiple edematous bluegill larvaepomis macrochirysf similar age from UMRR.
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Figure 5 (Left) & Figure 6 (Right). Bluegill larvae with pericardiasgoledema and gaped mandigle

Figure 7. DevelopmentaltypicalPOLbluegill larva in yolsac life stage
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EGG TISSUE SELENIUM CONCENTRATIONS

In comparison to published values (thresholds) associated with elevated larval deformity rates, fish eggs
from various species were collected during the 2009 stweyr and analyzed for selenium concentration
(mg/kg dry weight). At stream locations, minnow (family Cyprinidae) and sucker (family Catostomidae)
females were collected and stripped of their eggs. Seng Creek, a seleniighed stream, contained

creek tiubs,Semotilus atromaculatysvith egg tissue selenium concentrations as high as 23.75 and
21.85 mg/kg dry weight, respectively (Fig@&eAppendixB). In contrast, a creek chub collected from a
reference location, Ash Fork, exhibited an egg tissue aetegoncentration of 6.5 mg/kg dry weight,

and at Mud River, which ids® seleniunenriched, creek chuleggs had accrued 17.7 mg/kg dry weight
selenium. Among the suckers, Davis Creek populations of white suCk¢ostomus commersqgni
representing a reerence location, had accrued egg tissue selenium concentrations of 5.1 and 3.9 mg/kg
dry weight, respectively. These egg concentrations were less than those representing selenium
enriched locations (e.g. Mud River) where white suckers exhibited egg sesenium concentrations of
14.7 mg/kg dry weight.

The sunfishes (family Centrarchidae) are purported to be among the most sensitive fishes in regard to
potential seleniuminduced reproductive impact&JSEPA, 2004 Therefore, collection of sunfish eggs

for selenium tissue concentration analyses was an important study objective. At impounded reference
and seleniurrenriched locations, both bluegill sunfish and largemouth bass gravid females were
targeted for this purpose. Plum Orchard Lake, the referéocation, contained bluegill and largemouth
bass females with egg tissue selenium concentrations ofm@/&g dry weight and 8.7 mg/kdyy

weight, respectively. Whereas, sunfish eggs collected from the Upper Mud River Reaegglenium
enriched erviron, contained comparatively more selenium: bluegill eggs had 9.8 mg/kg dry weight and
largemouth bass eggs had accrued selenium concentrations as high as 64.6 mg/kg dry weight.

ADULT DEFORMITY SEARCH

Searches for developmentaltieformed individualswhich have survived to maturity, were conducted

at Plum Orchard Lake and the Upper Mud River Reservoir in October, 2007 and 2008, focusing again on
the sunfishes bluegills and largemouth bass. These searches were initiated after observations of
deformed alult fishes were made by WVDEP and USFWS personnel in May, 2007 QFaonare

following literature reviews revealing the occurrence of this phenomenon in othenggfeimpacted

fish populations (Lemly, 1993; Hamiltenal., 2005). In 2007, 50% of att largemouth bass examined

in the Upper Mud River Reservoir were considered to have some degree of craniofacial deformity, with
approximately 50 individuals evaluated. In 2008, 12% of adult largemouth bass were craniofacially
deformed from the Upper Mu®iver Reservoir population, with 117 individuals evaluated. In contrast,

a 2008 survey of the Plum Orchard Lake adult largemouth bass population revealed 0 deformities, with
35 individuals evaluate@AppendixB).
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Figure 8 Egg tissue selenium conceattons from fishe collected at study locations.
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LITERATURE COMPARISONPLICATIONS

In regard topublished studies which have similarly examisetniuminduceddeformity rates among
developing ichthyoplankton and suggested threshold rates for the susteraimpulation health, the
available information isoncise 20% deformed larvae, above background or reference conditions,
compromises the pogation (Lemly, 1997; USEPA, 20Biscatelloet al., 2006). In this study, 2009
reference population deformity rates among bluegill larvae collected from Plum Orchard Lake were
documented maximally at.27%. At the seleniurenriched location, the Upper Ml River Reservoir,
maximumbluegilllarval deformity rates weralsobelow 20% in 2007 and 2009 sample populations
(123% and 13.8%, respectively)however,n 2008, deformity rates were nearly 508fthe sampled
population. Althoughthis information sggestghat the bluegillsunfishichthyoplanktonin the Upper
Mud River Reservois potentiallyimpacteddue to theelevatedoccurrence of seleniuminducedlarval
deformities documented in this stly, more detailed evaluations of larval hatchability andvivability
are needed to verify populatictevel effects

Unlike the literature regarding selenidinduced larval deformity rates and subsequéisheryhealth,

many published studies provide information regarding egg tissue concentrations of seihicmare
predictive oftoxicity. Muscatelleet al. (2006) found that when concentrations of selenium reached
33.55 mg/kg dry weight among the eggs of northern psgx lucius20% of the developing larvae
exhibited deformities above backgroupopulatons. Lemly (2002) suggests a selenium egg tissue
concentration of 10 mg/kg dry weight as a threshold, above which selenium egg concentrations are
predictive of a rapid increase in teratogenic deformities among developing larvae. Additionally,
increasel selenium egg tissue concentrations were correlated to an increase in deformities among
razorback suckerXyrauchen texanysas well as were indicative of smaller egg diamedeis
hatchability(Hamiltonet al., 2005). In comparisonmost of theselerium egg tissue concentratiorus

the fishes examined in this studyere less than 30 mg/kg dry weight; however, all except one sample of
fish eggs collected from selenium engchlocations exceeded 10 mg/kg dry wei@higure8; Appendix

B). Ofparticula interestwasselenium concentrations in the eggs of fishes collected from fluvial
environs, to which fewer comparable published studigsst, and the amount of selenium accrual by the
eggs of largemouth bass inhabiting the Upper Mud River Reservaigand to the latter, a single

female containing eggs with a selenium concentration of 64.62 mg/kg dry weightagasnented; this
value is considerably high in comparison to selenium egg concentrations of other fishes described in the
literature (Gillespe & Baumann, 1986; Holet al., 20().

Since some developmental deformities among ichthyoplankton may péngisinore mature fishes,
particularly in regard to less severe anomalies, extensive population surveys of fishes residing in waters
experiencing larval teratogenesigere necessary to determinthe extent of surviving deformed adults.

In generalgcraniofacial deformities, particularly those related to the lower jaw (mandibular)
malformations, are among the most common anomalies obsgimeollutantimpacted fish

populations Rolland, 2000; AHarbi, 2001; Strmaet al., 2002; Naganet al., 2007. Such anomalous

adult fishes have been observed in this study (Fi@ii@mong individuals collected at selenium

enriched locationge.g.the Upper Mud River Reservoiilthough there are no clear thresholds

suggested in the literature regarding percentages of impacted populations that are predictive of
impending deleterious conditions, a few published studies have documented populatiapses| of fish
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communitieswhen observed anomalous aduhaveexceead 20-50% ofthe sampled individuals

(Lemly, 1997; Hamilton, 2006 Therefore, according to these guidelines, the number (percentage) of
deformed adults observed among largemouth baspuations at the Upper Mud River Resenvisir
within the range considered to hienpacted by selenium toxicity.
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STREAM_NAME ANCODE MILE DATE ANALYTEH Q| Se (pm)
Davis Creek WVK39 2.6 05Sep02 | SeTotal| <| 0.005
Davis Creek WVK39 3.3 20-Sep07 | Se Total | <| 0.001
Davis Creek WVK39 13.7 | 04-Jun02 | SeTotal| <| 0.005
Plum Orchard Lake WVK65-Z-(L1) 23-Jut07 Se Total | < 0.001
Plum Orchard Lake WVK65-Z-(L1) 29-May-08 | Se Total | < 0.001
Plum Orchard Lake WVK65-Z-(L1) 0.04 25-Apr-06 Se Total | < 0.001
Plum Orchard Lake WVK65-Z-(L1) 0.04 25-Apr-06 Se Total | < 0.001
Plum Orchard Lake WVK65-Z-(L1) 0.04 25-Apr-06 Se Total | < 0.001
Plum Orchard Lake WVK65-Z-(L1) 0.04 | 24-May-06 | Se Total | < 0.001
Plum Orchard Lake WVK65-Z-(L1) 0.04 | 24-May-06 | Se Total | < 0.001
Plum Orchard Lake WVK65-Z-(L1) 0.04 | 24-May-06 | Se Total | < 0.001
Plum Orchard Lake WVK65-Z-(L1) 0.04 22-Jun06 Se Total | < 0.001
Plum Orchard Lake WVK65-Z-(L1) 0.04 22-Jun06 Se Total | < 0.001
Plum Orchard Lake WVK65-Z-(L1) 0.04 22-Jun06 Se Total | < 0.001
Plum Orchard Lake WVK65-Z-(L1) 0.04 | 15Aug06 | Se Total | < 0.001
Plum Orchard Lake WVK65-Z-(L1) 0.04 | 15Aug06 | Se Total | < 0.001
Plum Orchard Lake WVK65-Z-(L1) 0.04 | 27-Sep06 | Se Total | < 0.001
Plum Orchard Lake WVK65-Z-(L1) 0.04 | 27-Sep06 | Se Total | < 0.001
Plum Orchard Lake WVK65-Z-(L1) 0.04 | 27-Sep06 | Se Total | < 0.001
Plum Orchard Lake WVK65-Z-(L1) 0.04 | 11-Dec06 | Se Total | < 0.001
Plum Orchard Lake WVK65-Z-(L1) 0.04 | 11-Dec06 | Se Total | < 0.001
Plum Orchard Lake WVK65-Z-(L1) 0.04 | 11-Dec06 | Se Total | < 0.001
Plum Orchard Lake WVK65-Z-(L1) 0.04 | 09-May-07 | Se Total | < 0.001
Plum Orchard Lake WWK-65-Z-(L1) 0.04 29-0ct08 Se Total | < 0.001
Seng Creek WVKEA2 0 16-Jul02 Se Total 0.007
Seng Creek WVKEA2 0 16-Jul02 Se Total 0.008
Seng Creek WVKEA2 0 05-Sep02 | Se Total 0.006
Seng Creek WVKEA2 0 05-Sep02 | Se Total 0.006
Seng Creek WVKEA2 0 16-Oct02 Se Total | < 0.005
Seng Creek WVKEA2 0 29-0ct02 Se Total | < 0.005
Seng Creek WVKEA2 0 14-Nowv02 | Se Total 0.006
Seng Creek WVKEA2 0 14-Nowv02 | Se Total 0.006
Seng Creek WVKEA2 0 09-Dec02 | Se Total 0.009
Seng Creek WVKEA2 0 28-Jan-03 Se Total 0.009
Seng Creek WVKEA2 0 24-Feb03 | Se Total | < 0.005
Seng Creek WVKEA2 0 20-Mar-03 | Se Total 0.009
Seng Creek WVKEA2 0 14-Apr-03 | Se Total | < 0.005
Seng Creek WVKEA2 0 14-May-03 | Se Total 0.006
Seng Creek WVKEA2 2.5 15Now05 | Se btal 0.04
Seng Creek WVKEA2 2.5 13-Dec05 | Se Total 0.042
Seng Creek WVKEA2 2.5 04-Jar06 Se Total 0.023
Seng Creek WVKE42 2.5 08-Feb06 Se Total 0.031
Seng Creek WVKCEA2 2.5 13-Mar-06 | Se Total 0.026
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STREAM_NAME ANCODE MILE DATE ANALYTEH Q| Se (pm)
Seng Creek WVKEA2 2.5 13-Apr-06 | Se Toal 0.015
Seng Creek WVKGEA2 2.5 13-Apr-06 | Se Total 0.015
Seng Creek WVKEA2 2.5 02-May-06 | Se Total 0.023
Seng Creek WVKE42 2.5 13-Jun06 | Se Total 0.025
Seng Creek WVKEA2 2.5 12-Jul06 Se Total 0.041
Seng Creek WVKEA2 2.5 24-Aug06 | Se Toth 0.03
Seng Creek WVKE42 2.5 17-Oct06 | Se Total 0.023
Seng Creek WVKGEA2 2.5 19-Apr-07 | Se Total 0.024
Seng Creek WVKEA2 3.9 16-Jul02 Se Total 0.018
Seng Creek WVKEA2 3.9 05-Sep02 | Se Total 0.0089
Seng Creek WVKEA2 3.9 16-Oct02 | Se Total 0.008
Seng Creek WVKEA2 3.9 29-0ct02 Se Total 0.01
Seng Creek WVKEA2 3.9 14-Nowv02 | Se Total 0.012
Seng Creek WVKEA2 3.9 09-Dec02 | Se Total 0.014
Seng Creek WVKEA2 3.9 28-Jan03 Se Total 0.01
Seng Creek WVKEA2 3.9 24-Feb03 | Se Total 0.009
Seng Creek WVKEA2 3.9 20-Mar-03 | Se Total 0.045
Seng Creek WVKEA2 3.9 14-Apr-03 | Se Total 0.03
Seng Creek WVKEA2 3.9 14-May-03 | Se Total 0.009
Ash Fork WVKG5-H 0.1 09-Now05 | Se Total | < 0.001
Ash Fork WVKG5-H 0.1 19-Dec05 | Se Total| < 0.001
Ash Fork WVKG5-H 0.1 04-Janr06 Se Total | < 0.001
Ash Fork WVKG5-H 0.1 09-Feb06 | Se Total | < 0.001
Ash Fork WVKG5-H 0.1 13Mar-06 | Se Total | < 0.001
Ash Fork WVKG5-H 0.1 13Mar-06 | Se Total | < 0.001
Ash Fork WVKG5-H 0.1 03-Apr-06 | Se Total | < 0.001
AshFork WVKG5-H 0.1 02-May-06 | Se Total | < 0.001
Ash Fork WVKG5-H 0.1 12-Jun06 Se Total | < 0.001
Ash Fork WVKG5-H 0.1 11-Jut06 Se Total | <| 0.001
Ash Fork WVKG5-H 0.1 21-Aug06 | Se Total | <| 0.001
Ash Fork WVKG5-H 0.1 05-Oct06 | Se Total| <| 0.001
Ash Fork WVKG5-H 0.1 05-Oct06 | Se Total| <| 0.001
Ash Fork WVKG5-H 0.1 16-Oct06 | Se Total| <| 0.001
Ash Fork WVKG5-H 0.25 | 04-Janr06 Se Total | <| 0.001
Ash Fork WVKG5-H 0.3 05-Jun08 Se Total | < 0.001
Mud River WVOGM 2.5 24-Sep08 | Se Total | < 0.001
Mud River WVOGM 25.4 | 22-Sep08 | Se Total | < 0.001
Mud River WVOGM 52.8 | 18Sep08 | Se Total 0.003
Mud River WVOGM 52.8 | 18Sep08 | Se Total 0.004
Mud River WVOGM 57.4 | 17-Sep08 | Se Total 0.004
Mud River WVOGM 61.7 | 18Sep08 | Se Total 0.006
Mud River WVOGM 61.7 | 10-Now+08 | Se Total 0.004
Mud River WVOGM 67.4 | 21-Dec06 | Se Total 0.008
Mud River WVOGM 74.1 | 05Mar-09 | Se Total 0.0096
Mud River WVOGM 74.1 | 07-Apr-09 | Se Total 0.0071
Mud River WVOGM 74.1 | 12-May-09 | Se Total 0.0121
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STREAM_NAME ANCODE MILE DATE ANALYTE Se (pm)
Mud River WVOGM 74.1 | 22-Jun09 | Se Dtal 0.0216
Mud River WVOGM 74.3 | 21-Dec06 | Se Total 0.01
Mud River WVOGM 75.6 | 30-Now05 | Se Total 0.0084
Mud River WVOGM 75.6 | 13-Dec05 | Se Total 0.007
Mud River WVOGM 75.6 | 05-Janr06 Se Total 0.005
Mud River WVOGM 75.6 | 05-Janr06 Se Total 0.005
Mud River WVOGM 75.6 | 08Feb06 | Se Total 0.0087
Mud River WVOGM 75.6 | 15Mar-06 | Se Total 0.004
Mud River WVOGM 75.6 | O05Apr-06 | Se Total 0.005
Mud River WVOGM 75.6 | 03-May-06 | Se Total 0.007
Mud River WVOGM 75.6 13-Jun06 Se Total 0.005
Mud Rver WVOGM 75.6 | 21-Aug06 | Se Total 0.008
Mud River WVOGM 75.6 | 20-Sep06 | Se Total 0.014
Mud River WVOGM 75.6 | 03Now06 | Se Total 0.008
Mud River WVOGM 75.6 06-Jun07 Se Total 0.022
Mud River WVOGM 75.6 | 10-Now08 | Se Total 0.015
Mud River WVOGM 77.1 27-Jul05 Se Total 0.007
Mud River WVOGM 77.1 | 16-Sep08 | Se Total 0.009
Upper Mud River Reservoil WVOGM(L1) 16-May-07 | Se Total 0.003
Upper Mud River Reservoil WVOGM(L1) 24-Jut07 Se Total 0.005
Upper Mud River Reservoil WVOGM(L1) 25-JU-07 Se Total 0.003
Upper Mud River Reservoil WVOGM(L1) 04-Oct07 Se Total 0.005
Upper Mud River Reservoil WVOGM(L1) 04-Oct07 Se Total 0.005
Upper Mud River Reservoil WVOGM(L1) 19-Mar-08 | Se Total 0.004
Upper Mud River Reservoil WVOGM(LD) 20-Mar-08 | Se Total 0.001
Upper Mud River Reservoil WVOGM(L1) 05-Nowv-08 | Se Total 0.005
Upper Mud River Reservoil WVOGM(L1) 0.05 | 04-Oct07 Se Total 0.005
Upper Mud River Reservoil WVOGM(L1) 1.4 03-Now-05 | Se Total 0.006
Upper Mud River Reseir | WVOGM(L1) 1.4 12-Jan06 Se Total 0.002
Upper Mud River Reservoil WVOGM(L1) 1.4 12-Jan06 Se Total 0.004
Upper Mud River Reservoil WVOGM(L1) 1.4 12-Jan06 Se Total 0.004
Upper Mud River Reservoil WVOGM(L1) 1.4 12-Jan06 Se Total 0.005
Upper Mud River Reservoil WVOGM(L1) 1.4 12-Jan06 Se Total 0.004
Upper Mud River Reservoil WVOGM(L1) 1.4 12-Jan06 Se Total 0.003
Upper Mud River Reservoil WVOGM(L1) 1.4 27-Feb06 | Se Total 0.003
Upper Mud River Reservoil WVOGM(L1) 1.4 27-Feb06 Se Total 0.005
Upper Mud River Reservoil WVOGM(L1) 1.4 27-Feb06 | Se Total 0.003
Upper Mud River Reservoil WVOGM(L1) 1.4 04-Apr-06 | Se Total 0.0036
Upper Mud River Reservoil WVOGM(L1) 1.4 04-Apr-06 | Se Total 0.003
Upper Mud River Reservoil WWMOGM(L1) 1.4 04-Apr-06 | Se Total 0.002
Upper Mud River Reservoil WWOGM(L1) 1.4 17-Apr-06 | Se Total 0.002
Upper Mud River Reservoil WWOGM(L1) 1.4 17-Apr-06 | Se Total 0.001
Upper Mud River Reservoil WWOGM(L1) 1.4 17-Apr-06 | Se Total 0.002
Upper M River Reservoirl WVOGM(L1) 1.4 24-May-06 | Se Total 0.002
Upper Mud River Reservoil WWOGM(L1) 1.4 24-May-06 | Se Total 0.001
Upper Mud River Reservoif WVOGM(L1) 1.4 24-May-06 | Se Total 0.004
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STREAM_NAME ANCODE MILE DATE ANALYTE Se (ppn)
Upper Mud River Reservoil WVOGM(L1) 1.4 22-Jun06 Se Toal 0.003
Upper Mud River Reservoil WVOGM(L1) 1.4 22-Jun06 Se Total 0.004
Upper Mud River Reservoil WVOGM(L1) 1.4 22-Jun06 Se Total 0.002
Upper Mud River Reservoil WVOGM(L1) 1.4 17-Aug06 | Se Total 0.002
Upper Mud River Reservoil WVOGM(L1) 1.4 17-Aug06 | Se Total 0.006
Upper Mud River Reservoil WVOGM(L1) 1.4 27-Sep06 | Se Total 0.005
Upper Mud River Reservoil WVOGM(L1) 1.4 27-Sep06 | Se Total 0.005
Upper Mud River Reservoil WVOGM(L1) 1.4 27-Sep06 Se Total 0.004
Upper Mud River &ervoir | WVOGM(L1) 1.4 28-Nowv06 | Se Total 0.004
Upper Mud River Reservoil WVOGM(L1) 1.4 28-Nowv06 | Se Total 0.002
Upper Mud River Reservoil WVOGM(L1) 1.4 28-Nowv06 | Se Total 0.004
Upper Mud River Reservoil WVOGM(L1) 1.4 21-Dec06 | Se Total 0.004
Upper Mud River Reservoif WVOGM(L1) 1.4 11-May-07 | Se Total 0.007
Upper Mud River Reservoi| WVOGM(L1) 1.4 11-May-07 | Se Total 0.006
Upper Mud River Reservoil WVOGM(L1) 1.4 30-May-08 | Se Total 0.003
Upper Mud River Reservoil WVOGM(L1) 419 | 04-Oct-07 Se Total 0.005
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Larval Fish Evaluations
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Sample Location| Aquarium Date Vial | #larvae % deformed
UMRR 6 6/9/2008 10 46 54
UMRR cooler 6/9/2008 11 585 19
UMRR 4 6/9/2008 13 102 6
UMRR 5 6/9/2008 14 40 15
UMRR 4 6/12/2008 19 158 4
UMRR 6A 6/4/2008 21 180 3
UMRR 4B 6/4/2008 24 158 19
UMRR 6B 6/4/2008 25 151 6
UMRR cooler 6/12/2008 17 150 not examined
UMRR 6 6/7/2008 31 698 not examined
UMRR 5 6/7/2008 33 216 not examined
UMRR cooler 6/7/2008 34 147 not examined

Dr. Diana Papoulias' 2008 bluegill evaluations
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Left 6/11/07 | 08/09/07 Lepomis 25 N/A 12 days 25 0 22 3 0
Fork/lUMRR macrochirus post
hatch
Right 6/11/07 | 08/09/07 Lepomis 67 N/A 12 days 65 2 64 3 1
Fork/lUMRR macrochirus post
hatch
Right 6/8/07 08/09/07 Lepomis 116 | N/A 9 days 115 1 116 0 0
Fork/lUMRR macrochirus post
hatch
Left 6/8/07 08/09/07 Lepomis 6 N/A 9 days 6 0 6 0 0
Fork/lUMRR macrochirus pog-
hatch
Right 6/8/07 08/09/07 Lepomis 41 N/A 9 days 24 17 41 0 0
Fork/lUMRR macrochirus post
hatch
Right 6/4/07 08/09/07 Lepomis 97 N/A 5 days 92 5 94 3 0
Fork/lUMRR macrochirus post
hatch
Right 6/1/07 08/09/07 Lepomis 193 N/A 3 days 186 7 186 7 7
Fork/lUMRR macrochirus post
hatch
Right 6/11/07 | 08/09/07 Lepomis 24 N/A 12 days 23 1 23 1 1
Fork/lUMRR macrochirus post
hatch
Right 5/31/07 | 08/09/07 Lepomis 274 N/A 1 day o] o] o} o} o}
Fork/lUMRR macrochirus post
hatch
UMRR 6/7/08 7/23/08 Lepomis 12 | #1=11 ~72 0 0 0 0 0
macrochirts #3=1 hour
YSL
UMRR 6/7/08 7/23/08 Lepomis 80 #3 ~48 0 0 0 0 0
macrochirus hour
YSL
UMRR 6/7/08 7/23/08 Lepomis 133 #1* ~72 0 0 0 0 0
macrochirus (#2) hour
YSL
UMRR 6/7/08 7/23/08 Lepomis 3 1 ~72 2% 0 0 mn 0
macrochirus hour
YSL
UMRR 6/7/08 7124/08 Lepomis 231 | Mostly | variable 0 0 0 0 0
macrochirus 1l/some| ~72
2* hour

YSL
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UMRR 6/7/08 7/24/08 Lepomis 393 2 ~72 0 0 0 0 0
macrochirus hour
YSL
Some
24 hour
larvae
UMRR 6/7/08 7124/08 Lepomis 57 3& ~24 0 0 0 0 0
macrochius 4 (~10)| hour
YSL,
variable
UMRR 6/7/08 7/24/08 Lepomis 15 1 ~72 13 0 0 2° 1°
macrochirus hour
YSL
UMRR 6/7/08 7/28/08 Lepomis 21 1 72 hour 0 0 0 0 0
macrochirus YSL
UMRR 6/4/08 8/4/08 Lepomis 56 1 Tail- 0 0 0 0 0
macrochirus bud
stage (in
€gg
capsule)
UMRR 6/4/08 8/4/08 Lepomis 78 1 Tail- 0 0 0 0 0
macrochirus free
stage
(out of
capsule)
UMRR 6/4/08 8/4/08 Lepomis 13 3 Early 0 0 0 0 0
macrochirus Embryo
with
decay
UMRR 6/4/08 8/6/08 Lepomis 180 1 Tail- 0 0 0 0 0
macrochirus free
stage
(out of
capsule)
UMRR 6/4/08 8/6/08 Lepomis 38 | Mostly Tail- 0 0 0 0 0
macrochirus 1&2 free,
some 3 ~10
hour
post
hatch
UMRR 6/4/08 8/6/08 Lepomis 151 1 Tail- 0 0 0 0 0
macrochirus free,
~10
hour
post

hatch
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UMRR 6/4/08 8/6/08 Lepomis 158 1 Tail- 0 0 0 0
macrochirus free,
~10
hour
post
hatch
UMRR 6/4/08 8/6/08 Lepomis 1 Tail- 0 0
macrochirus free,
~10
hour
post
hatch
UMRR 6/4/08 8/6/08 Lepomis 1 Tail- 0 0
macrochirus free,
~10
hour
post
hatch
UMRR 6/4/08 8/4/08 Lepomis 1 Tail- 0 0
macrochirus free,
~10
hour
post
hatch
UMRR 6/4/08 8/4/08 Lepomis 1 Tail- 0 0
macrochirus free,
~10
hour
post
hatch
UMRR 6/9/08 8/4/08 Lepomis 1 <96 5 0
macrochirus hour,
YSL
UMRR 6/9/08 8/4/08 Lepomis 1,3 1<96 1° 0
macrochirus hour,
YSL
1>24
hour,
YSL
1<24
hour,YS
L
UMRR 6/9/08 8/4/08 Lepomis 1 48 hour, 1° 1°
macrochirus YSL
UMRR 6/9/08 8/4/08 Lepomis 1 >72 0 6°
macrochirus hour,

YSL
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UMRR 6/9/08 8/4/08 Lepomis 24 3 <72 0 0 0 0
macrochirus hour,
YSL
UMRR 6/9/08 8/4/08 Lepomis 70 1 >72 0 0
macrochirus hour,
YSL
UMRR 6/9/08 7/29/08 Lepomis 52 1 >72
macrochirus hour,YS
L
UMRR 6/9/08 7/29/08 Lepomis 16 3 72 hour
macrochirus , YSL
UMRR 6/9/08 7/29/08 Lepomis 1 1* 72 hour
macrochirus , YSL
UMRR 6/9/08 7/29/08 Lepomis 3 1 >72
macrochirus hour,
YSL
UMRR 6/9/08 7/29/08 Lepomis 563 3* >72
macrochirus hour,
YSL
UMRR 6/9/08 7/29/08 Lepomis 79 3 72 hour,
macrochirus YSL
UMRR 6/9/08 7/29/08 Lepomis 5 1&3* | 72 hour,
macrochirus YSL
UMRR 6/9/08 8/14/08 Lepomis 32 1 <96
macrochirus hour
larvae
UMRR 6/9/08 8/14/08 Lepomis 3 3 72 hour
macrochirus larvae
UMRR 6/7/08 7/28/08 Lepomis 147 | 1-98% ~72
macrochirus 2-2% hour
larvae
UMRR 6/7/08 7/28/08 Lepomis 12 1 ~72
macrochirus hour*,
YSL
UMRR 6/7/08 7/28/08 Lepomis 58 1 ~20%
macrochirus 72 hour
YSL
~80%<
72 hour
YSL
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UMRR 6/7/08 7/28/08 Lepomis 96 1 72 hour, 0 0 0 0 0
macrochirus YSL
UMRR 6/7/08 7/28/08 Lepomis 121 3 <72 0 0 0 0 0
macrochirus hout,
YSL
UMRR 6/7/08 7/28/08 Lepomis 18 | 1and 2| 72 hour 0 0 0 0 0
macrochirus YSL
UMRR 6/7/08 7/28/08 Lepomis 2 3 72 hour 0 0 0 0 0
macrochirus YSL
UMRR 6/5/08 8/12/08 Lepomis 52 3 >24 0 0 0 0 0
macrochirus hour
YSL
UMRR 6/5/08 8/12/08 No larvae 0 0 0 0 0 0 0 0
observed
UMRR 6/5/08 8/12/08 Lepomis 13 3 ~10 0 0 0 0 0
macrochirus hour,
YSL
UMRR 6/5/08 8/12/08 No larvae 0 0 0 0 0 0 0 0
observed
UMRR 6/5/08 8/12/08 Lepoms 49 3 >24 0 0 0 0 0
macrochirus hour
YSL
UMRR 6/5/08 8/12/08 Lepomis 138 | 3and4| <24 0 0 0 0 0
macrochirus hour,
YSL
UMRR 6/5/08 8/12/08 Lepomis 5 3 <24 0 0 0 0 0
macrochirus hour,
YSL
UMRR 6/5/08 8/12/08 Lepomis 227 3 ~24 0 0 0 0 0
macrochirus hour
YSL,
UMRR 6/5/08 8/12/08 Lepomis 105 3 ~24 0 0 0 0 0
macrochirus hour
YSL,
UMRR 6/19/08 12/8/08 Lepomis 22 3 +120 A 2 0 0 0
macrochirus hour
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UMRR 6/19/08 12/8/08 Lepomis 88 3 +96 0 0 0 0 0
macrochirus hour
UMRR 6/19/08 12/8/08 Lepoms 62 3 +96 62 0 0 0 0
macrochirus hour
UMRR 6/19/08 | 12/11/08 Lepomis 17 3 +96 0 0 0 0 0
macrochirus hour
UMRR 6/19/08 | 12/11/08 Lepomis 36 3 +96 36" 0 0 1 0
macrochirus hour
UMRR 6/19/08 | 12/11/08 Lepomis 82 3 +96 82 0 0 0 0
macrochirus hour
UMRR 6/19/08 | 12/11/08 Lepomis 76 3 +96 0 0 0 0 0
macrochirus hour
UMRR 6/19/08 | 12/12/08 Lepomis 24 3 +96 0 0 0 0 0
macrochirus hour
UMRR 6/19/08 | 12/12/08 Lepomis 4 3 +96 4 0 0 0 0
macrochirus hour
UMRR 6/13/09 7/20/09 Lepomis 583 1 24hr 0 0 0 0 0
macrochirus
UMRR 6/13/09 7/20/09 Lepomis 4 3 24hr 0 0 0 o* 0
macrochirus
UMRR 6/13/09 7/20/09 Lepomis 1 1 a 12 0 0 0 o* 1
macrochirus
UMRR 6/13/09 7/20/09 Lepomis 1 1 24hr 0 0 0 1 0
macrochirus
UMRR 6/13/09 7/22/09 Lepomis 262 1 24hr 0 0 0 0 0
macrochirus tail-free
UMRR 6/13/09 7/22/09 Lepomis 225 1* a 18 0 0 0 0 0
macrochirus
UMRR 6/13/09 7/22/09 Lepomis 3 2 a 12 0 0 0 0 0
macrochirus
UMRR 6/13/09 7/22/09 Lepomis 377 1 a 18 0 0 0 0 0

macrochirus
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UMRR 6/16/09 7/23/09 Lepomis 543 1 a 438 0 0 0 0 0
macrochirus
UMRR 6/16/09 7/23/09 Lepomis 65 1 a 438 0 0 0 65 0
macrochirus
UMRR 6/16/09 7/23/09 Lepomis 1 3 a 30 0 0 0 0 0
macrochirus
UMRR 6/16/09 8/27/09 Lepomis 150 1 a 438 0 0 0 22 0
macrochirus
UMRR 6/16/09 8/27/09 Lepomis 417 1 a 48 0 0 0 0 0
macrochirus
UMRR 6/16/09 9/8/09 Lepomis 4 1 a 48 0 0 0 0 4
macrochirus
UMRR 6/16/09 9/10/09 Lepomis 314 1 a 48 0 0 0 210 2%
macrochirus
UMRR 6/16/09 9/10/09 Lepomis 697 1 a 48 0 0 0 0 0
macrochirus
POL 6/16/09 9/10/09 Lepomis 146 1 a 24 0 0 0 0 0
macrochrus
POL 6/16/09 9/10/09 Lepomis 1 1 a 24 0 0 0 1 0
macrochirus
POL 6/16/09 9/10/09 Lepomis 2 2 a 24 0 0 0 0 0
macrochirus
POL 6/16/09 9/10/09 Lepomis 94 2 a 24 0 0 0 0 0
macrochirus
POL 6/16/09 9/10/09 Lepomis 1 1 a 24 1 0 0 0 0
macrochirus
POL 6/16/09 9/10/09 Lepomis 2 2 a 24 0 0 0 0 0
macrochirus
POL 6/16/09 9/11/09 Lepomis 182 1 a 24 0 0 0 0 0

macrochirus
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POL 6/18/09 9/11/09 Lepomis 86 1 a 438 0 0 0 0 0
macrochirus
POL 6/18/09 9/14/09 Lepoms 26 1 a 438 0 0 0 0 0
macrochirus
POL 6/18/09 9/14/09 Lepomis 1 2 a 438 0 0 0 0 0
macrochirus
POL 6/18/09 9/15/09 Lepomis 41 1 a 438 0 0 0 0 0
macrochirus
POL 6/18/09 9/15/09 Lepomis 3 2 a 48 0 0 0 0 0
macrochirus
POL 6/20/09 9/15/09 Lepomis 4 1 a 72 0 0 0 0 0
macmochirus
POL 6/20/09 9/15/09 Lepomis 1 1 a 72 0 1 0 0 0
macrochirus
POL 6/20/09 9/15/09 Lepomis 15 1 a 72 0 0 0 0 0
macrochirus
POL 6/20/09 9/16/09 Lepomis 58 1 a 72 0 0 0 0 0
macrochirus
POL 6/20/09 9/16/09 Lepomis 1 2 a 72 0 0 0 0 0
macrochiris
UMRR 6/18/09 9/14/09 Lepomis 108 1* a 72 0 0 0 108 0
macrochirus
UMRR 6/18/09 9/14/09 Lepomis 573 1* a 72 0 0 0 0 0
macrochirus
UMRR 6/18/09 9/18/09 Lepomis 291 1 a 72 0 0 0 0 0
macrochirus
UMRR 6/18/09 9/18/09 Lepomis 89 1 a 72 0 0 0 89 0
macmochirus
UMRR 6/20/09 9/18/09 Lepomis 889 1 a 96 0 0 0 0 0
macrochirus
UMRR 6/20/09 9/18/09 Lepomis 6 1/3 a 96 6 0 0 0 0

macrochirus
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UMRR 6/22/09 9/30/09 Lepomis 431 a 12 0 0 0 0
macrochirus
UMRR 6/22/09 9/30/09 Lepomis 12 a 12 2% 10 0
macrochirus
POL 6/22/09 9/17/09 Lepomis 312 a 96
macrochirus
POL 6/22/09 9/17/09 Lepomis 3 a 96
macrochirus
POL 6/22/09 9/17/09 Lepomis 181 a 96
macrochirus
POL 6/22/09 9/17/09 Lepomis 152 a 96
macrochirus
POL 6/22/09 | 9/17/09 Lepomis 1 a 96
macrochirus
POL 6/22/09 | 9/17/09 Lepomis 1 a 96
macrochirus
UMRR 6/18/09 | 9/18/09 Lepomis | 481 a 48
macrochirus
UMRR 6/18/® 9/18/09 Lepomis 2 a 48
macrochirus
UMRR 6/18/09 | 9/18/09 Lepomis 58 a 48
macrochirus
UMRR 6/20/09 9/22/09 Lepomis 122 a 72
macrochirus | 7
UMRR 6/20/09 | 9/22/09 Lepomis 1 a 72
macrochirus
UMRR 6/20/® 9/22/09 Lepomis 2 a 72
macrochirus
UMRR 6/20/09 | 9/29/09 Lepomis 140 a 72
macrochirus | 2
UMRR 6/20/09 9/29/09 Lepomis 1 a 72

macrochirus
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UMRR 6/22/09 | 10/1/09 Lepomis | 522 1 a 12| o0 0 0 0 0
macrochirus
UMRR 6/22/09 | 10/1/09 Lepomis | 8 1 a 12| o0 8 0 0 0
macrochirus
UMRR 6/22/09 | 10/1/09 Lepomis | 599 1 a 96 0 0 0 0 0
macrochirus
UMRR 6/22/09 | 10/1/09 Lepomis 2 2 a 96 0 0 0 0 0
macrochirus
UMRR 6/22/09 | 10/1/09 Lepomis | 4 1 a 96 1 8 0 0 1

macrochirus

®Quick Cooled, k0 decanted, Innundated in Preservative

®1. Typical, Normal Development
2. Mechanically Damaged by Handling
3. Evidence of Fungal Infestation

4. Evidence of Parasitism

°YSL = Yolk Sac Larva

*Determination of edemic yolk sac not practical due to early stage of larvae (i.e. very little sorption has
taken place)




Appendix D
Selected Study Photos
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Upper Mud River Reservoir, Lincoln County,,\2008
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D mrride
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Largemouth Bas#/icropterus salmoidesrom UMRR with slight facial
deformities 2008 I
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Typical Largemouth Bagdjcropterus salmoidedrom Plum Orchard Lak@008

I



