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Abstract 

ThePigeon River has historically suffered from the cumulative effectofyearsof 

pollution and hydrological altemation. TVA noted thatthe fish community consisted of 

pollution tolerant species such as gizzard shad{Dorosomacepediamm),common carp 

(Cyprinus carpio),and goldfish(Carassius auratus). During the past 12-15 years,water 

quality improvements have broughtaboutthe return ofsome speciesoffish. Other 

species have notreturned on their own dueto population isolation,or non-migratory 

behavior. Water quality improvementsinthe river have led state,federal,and private 

agencies to re-introduce several species into the Pigeon River. 

To assessthe survival ofthe relocated species,afluorescent visible implant 

elastomer(VIE)tagging technique wastested using a surrogate darter species 

{Etheostoma rufllineatum)in alaboratory setting. Fish weretagged with one ofthree 

colors ofVIE and observed in aquariafor 125 days. A blueLED light and amberlens 

were used in conjunction to augmenttag visibility. Tag retention after 125 days was 

100%,and mortality waszero. 

Clove oil wasevaluated,as an alternative to MS-222,as a possible field 

anesthetic. Thelowesteffective concentrations producing knock downtimes underthree 

minutes were30and40 mg/L ofclove oil. Statistical analysisfoimd no significant 

differences between the mean induction times ofthese two concentrations. 

The species considered for initial re-introduction were small,non-game,benthic 

fish. The firstre-introductions were blueside(EJessiae),bluebreast(E.camurum),and 

gilt darters(Percina evides). Allfish were collected from areastreams with similar 
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habitat within the French Broad River drainage. Fish were batchtagged with various 

colors ofVIE before release atoneoftwo re-introduction sites. From 14 March2001 

through 13 March2003 at Taimery Island and McSween Memorial Bridge,974 gilt 

darters,329 bluebreast darters,and619blueside darters were released. 

Snorkelsmveys,during the summerof2002,revealed substantial numbersof 

healthy gilt darters,afew bluebreast darters,and no blueside darters atthe Tannery Island 

site. Representatives ofall four re-introductions were seen. Additional snorkel surveys 

were conducted upstream and downstream ofTannery Island to locate fish,which may 

have movedfrom thatre-introduction site. A numberoftagged fish were observed inthe 

rifflejust upstream ofTannery Island. Possible blueside habitat has been identified 

downstream ofthe McSween Memorial Bridge site and will be sampled during the spring 

of2003. 

Whatappeared to be a young ofthe year gilt darter was collected during the 

annualIBIsampling ofthe Pigeon River. It waslocated approximately 26.5km(8 mi) 

upstream ofTannery Island. Ifsome gilt darters have migrated further upstream,this 

maybe an indication ofsuccessful reproduction by the transplants. 
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CHAPTERI 

Introduction 

ThePigeon River is located in the mountainous regions ofwestern North Carolina 

and eastern Tennessee. The headwaters begin southwestofAsheville,NC,onthe north 

slopesofBlack MountaininthePisgah National Forest(Bartlett 1995). The origin ofthe 

Pigeon River is atthe confluence ofthe EastFork Pigeon and WestFork Pigeon rivers 

near Woodrow,NC(Saylor et al. 1993). Itflows9.6km(six miles)to the intake atthe 

paper mill in Canton,NC,and subsequently,flows northwesterly emptying into the 

French Broad River.The French Broad isimpounded by DouglasDam,which empties its 

contentsinto the Tennessee River,the source ofthe city ofKnoxville's water supply 

(Bartlett 1995). 

Since 1908,the Pigeon River has endured enviromnental degradation by 

industrial dischargefrom the paper mill operation in Canton,NC(PRKM 102.1/PRM 

63.2). The pulp and paper industry uses massive quantities ofsulfur,chlorine,sodium 

hydroxide,sodium carbonate,sodium sulfate,sodium chlorate,titanium dioxide, 

aluminum sulfate,rosin sizing,and lime. Bleached krafl mill effluents(BKME)include 

tannin and lignin compoundsthe color ofcoffee and toxic chemicals,such as dioxins, 

furans,and chloroform(Bartlett 1995). It has been further degraded by altered hydrology 

as aresult ofimpoundmentfor hydroelectric powerfrom WaltersDam(PRKM 

61.1/PRM 38.0),which was builtin 1926 and commenced operation in 1930. 

ThePigeon Riverin North Carolina and Termessee has suffered from the 

cumulative effect ofyears ofunabated pollution and hydrological alteration. In 1964,a 



statewide fish managementinvestigation bythe North Carolina Wildlife Resources 

Commissionfovmd the main-stem Pigeon River so severely polluted by industrial and 

municipal pollution thata32-kilometer section in the upperreach supported no fish life 

(Messer 1964). The state ofNorth Carolina had assigned the river asanitary 

classification of"E",which meantthe best use ofwater with this rating wasfor waste 

disposal(Messer 1964). 

The Tennessee DepartmentofHealth and Environment,Division ofWater 

Pollution Control(McKinney et al. 1978;Melgaard and McKinney 1980),found thatthe 

severe pollution arriving in the Tennessee segmentofthe river consisted ofcolor,solids, 

andfoam,which resulted in limitation ofriver productivity.This pollution impacted the 

whole aquaticfood chain. BKMEacts as acompetitor with aquatic plantsfor trapping 

available light,suggesting photosynthesis wasseverely restricted(Kazyak and Dietz 

1990). Studies by Adamset al.(1992)and Saylor et al.(1993)have documented the 

river's decline in biodiversity. Saylor et al.(1993)commented thatthe fish commumty 

downstream ofCanton,North Carolina,was"dominated by pollution tolerant fish such as 

gizzard shad(Dorosoma cepedianum),commoncarp(Cyprinuscarpio),and goldfish 

{Carassius auratus),and an almostcomplete lack ofnon-game,riffle-dwelling fish 

species typicalofstreamsinthe region." In historicaltimes,ithas been estimated that95 

species ofnative fish inhabited the Pigeon River(Etnier and Saylor2001). 

During the last 12-15 years,improvementsin water quality have occurred. In 

1988,the Tennessee DepartmentofHealth and Environment(TDEC),Tennessee 

Wildlife Resources Agency(TWRA),and the Tennessee Valley Authority(TVA) 

initiated annual biomonitoring onthe Termessee portion ofthe river to evaluate 
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environmental quality and to documentrecovery (Saylor et al. 1993). A summaryof 

annualIBIdatafrom 1988-2002isfound in Table Al. 

TheIndex ofBiotic Integrity(IBI)(Karr 1981)was modified byTVA(Tables 

B1-B3)and has been used annuallyto rate several sites onthePigeon River and one 

reference site onthe Little River,a directtributary to the Teimessee Riverin Blount 

County,TN. Outofa possible60IBIindex points,the Little River has rated a54or 

better since 1988,and the Pigeon River had consistently rated 38 points or less until 

1993.One ofthe biggestimprovementsin water quality was broughtaboutby changein 

the paper bleaching process. In 1992,the chlorine bleaching process wasreplaced by a 

chlorine dioxide and oxygen delignification system which virtually eliminated the toxic 

byproducts dioxins,finrans,and chloroform inthe waste chemicalstream,and reduced 

water usage by35 percent(Bartlett 1995). Subsequently,adecrease in nearly all 

pollutants and mostnotably achange in color has occurred,which wasdue in partto the 

paper mill's actionsinresponse to public pressure. The annual average effluent color has 

decreased from 350,000 lbs/day(1988-89)to lessthan 50,000lbs/day(2000-01). In 

1997,the EnvironmentalProtection Agency(EPA)issued aNationalPollution Discharge 

Elimination System(NPDES)permitto Champion International Corporation(as of1999, 

Blue RidgePaperProducts,Inc.)which called for significant pollution reductions.AnIBI 

wasconducted onthe Pigeon River in Newport,TN,in April 2001;this score was50out 

of60and represented a significant recovery in the riverine habitat and the native fish 

communities. 

Underthe Tennessee Water Quality Control Actof1977,the people ofTennessee 

havearightto unpolluted waters. The governmentofTennessee has an obligation to take 
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all prudentsteps to secure and preserve this right,as directed in section 69-3-102(a). Itis 

further stated in section 69-3-102(b)thatthe Tennessee government mustreclaim 

polluted waters. It is with this mandate to reclaim polluted waters thatthe Tennessee 

DepartmentofEnvironmentand Conservation initiated efforts to re-introduce native fish 

species into the Pigeon River. 

Ajoint meeting between federal and state agency personnel wasconducted in 

February 2001 to evaluate the possibility ofre-introducing fish into the Pigeon River. 

There are no historical fish assemblage dataforthePigeon River downstream ofCanton, 

NC,before it was degraded. However,based onthe ecoregions it traverses and its 

similarity to other streams within the same watershed,many diverse fish species should 

have occurred.Etnier and Saylor(2001)developed alist offish species thatdo occur 

and/or should have occurred in the Pigeon River(Appendix C). The fish species 

considered for re-introduction are believed to have occurred in the river but have not 

retumed to the river on their own,because surviving populations are isolated fi-om or 

within the Pigeon River drainage. Re-introduction was unanimously supported and 

project planning wasinitiated. 

The species proposed for initial re-introduction by thePigeon River Recovery 

Project(PRRP)included small,non-game,benthic fish. The first three fish chosen for re-

introduction wereEtheostoma camurum(bluebreast darter),E.jessiae(blueside darter), 

andPercina evides(gilt darter)(Figure 1). The overall goal ofthePRRP isto increase 

fish species biodiversity in the Pigeon Riverthrough re-introduction by establishing 

viable,reproducing populations. Managementfor biodiversity requires monitoring for 

recovery(Saylor et al. 1993);therefore a plan to evaluate the successofthePRRP was 
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Figure 1. Bluebreast darter, blueside darter, and gilt darter (from top to bottom).
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needed. 

The primary objective ofthe presentstudy wasto determine the survival ofthe re-

introduced fish. To achieve this objective,laboratory and field studies were conducted. 

Twolaboratory studies were conducted which: (1)evaluated tagging mortality and 

retention overtime using a subcutaneoustag,Visible ImplantFluorescentElastomer 

(Northwest Marine Technology,Inc.),and(2)assessed the effectiveness ofan alternative 

anesthetic(clove oil)for field tagging by determining the lowest effective concentration 

and its effecton survivability.Thefield portion ofthe study wastwo-phased;the first 

step wasto collect,tag and release darters into the Pigeon River,and the second step was 

to monitor their survival by conducting multiple snorkel surveys. 





CHAPTERII 

Literature Review 

Re-introduction 

Game fish have been reared and stocked in U.S.waters since the late 1800's 

(Kohler and Hubert 1993). It was not until the late 1900's,when science realized it was 

the whole ecosystem that defined the health ofa particular forest,river,and prairie,that 

fisheries biologists began to look atthe importance ofnative non-game species offish. 

Re-introduction ofnative non-game fish species isarecent developmentin the ongoing 

battle to repairand replenish riverine ecosystems degraded by man. 

Rakesand Shute(2002a)began theirfust native species re-introductionsin 1986 

with the federally threatened yellowfin madtom,Noturusflavipinnis, and federally 

endangered smokey madtom,N. baileyi,into Abrams Creek,GreatSmoky Mountains 

NationalPark,Blount Coimty,TN. Some30 years earlier,Abrams Creek had been 

treated with rotenone to remove all native fish for fear thatthe stocked rainbow trout, 

Oncorhynchus mykiss,would have too much competitionfrom the native species. Since 

that first re-introduction.Rakesand Shute(2002b)have expanded their re-introductions 

to include otherfederally listed species,such as the duskytail darter,E.percnurum, 

spotfin chub,Erimonax monachus,boulder darter,E. wapiti,and Barrenstopminnow, 

Fundulusjulisia. 

Rakesand Shute began their re-introductions ofthe spotfin using propagated fish 

spawned and reared attheir facility.Conservation Fisheries,Inc.,since 1994(Rakesand 

Shute 2002b). These fish weretagged with Visible ImplantFluorescentElastomer(VIE) 

to determine survival and for future identification. There is evidence ofreproduction and 
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recruitmentin the wild for three ofthefour species. Minimal evidence ofreproduction 

has been observed forthe spotfin chub. 

Schram et al.(1999)re-introduced lake sturgeon(AcipenserJulvenscens)into the 

St.Louis River,atributary ofLake Superior. Although lake sturgeon are considered a 

game species,this projectsoughtto re-establish a native species into its historical home, 

notstocking game fish ina non-native stream. They were eliixiinated fi*om the river 

during the 1900'sdue to the combined effects ofoverfishing,pollution,and habitat 

alteration(Schram et al. 1999). Water quality improved and by 1979the states of 

Wisconsinand Minnesota became interested in re-establishing aspawning population of 

lake sturgeon. The concept ofre-introduction oflake sturgeon wasin harmony with the 

Wisconsin and MinnesotaDepartmentsofNatural Resources goalsfor re-establishing 

depleted stocks ofnative species (Schram et al. 1999). Lake sturgeon were stocked 

aimually using hatchery reared fiy,fingerlings,and yearlings fi-om 1983through 1994. 

Fisheries assessments were determined by sampling marked fish(coded wire tags,floy 

anchortags)and with graded-mesh gill nets and bottom trawls(Schram et al. 1999). 

In cases where afish species is threatened or endangered,additional fishfrom 

other locations orfrom captive propagation could beintroduced into other suitable habitat 

within thatsame water body. This augmentation would increase the distribution of 

species with restricted ranges(Johnston 2001). 

Fish Movement 

Gerking(1950)noted that certain stream fish species showed minimal or 

restricted movement within their stream area. Many studies since have cometo similar 

conclusions. Forthe small percentage offishfound to travel great distances.Funk(1955) 
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proposed thatfish populations consistofmobile or exploratory individuals and sedentary 

individuals. Smithsonand Johnston(1999),using passive integrated transponder tags, 

showed thatstream fish populations were comprised ofalarge static group and asmaller 

mobile group,that make round-trip movements outside ofthe hometerritory. Similar 

results showing the existence ofresidentand exploratory individuals were confirmed by 

Larson et al.(2002)in a study offish movementin a mountain stream. 

Little data are available abouthomeranges or movementsofmostdarters,yetthis 

information will be ofgreatimportance for locating and monitoring re-introduced species 

into a river. Early studies by Reed(1968)were conducted to determine population 

stability ofcertain darters ofthe genusEtheostomain riffle habitats. He discovered that 

the rainbow darterE caeruleum,the greenside darterE blennioides,the fantail darterE 

fabellare,and the banded darterE zonale, restricted their movements within the stream. 

Scalet's(1973)study ofthe orangebelly darter,E radiosum cyanorum,also supported 

the theory ofminimalstream movement. 

Upstream movementoffish wasnoted by Hall(1972). Heinvestigated fish 

migration and foimd annual peak movementclosely correlated with annual peaksin 

primary production,community respiration,and the end ofwinterfloods(Hall 1972). 

No preference for upstream versus downstream movementwasexhibited by thetwo 

darters(johnny darter,E nigrum,and piedmont darter,P crassd)in Hall's study. 

Mundahl and Ingersoll(1983)observed autumn movementsand densities ofthejohnny 

and fantail darters,which indicated that most movements were restricted to areas nearthe 

initial pointofcapture. The average distance traveled(60m)by darters wassimilar to 

the distance between habitats(two pools ortwo riffles), which suggested that most darter 
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movements occurred between similar adjacent habitats. Therefore,distance of 

movementswasdependentuponthe riverine morphology ofthe stream(Mundahland 

Ingersoll 1983). Over75%ofall movements were inan upstream direction. Their 

results suggested that population density and habitat quality mayinfluence seasonal 

movements. 

In a more recentstudy,movements by adult black banded darter,P nigrofasciata, 

andjuvenile redbreastsunfish,Lepomis auritus, were studied over an 18-month period 

(Freeman 1995). Mostdarters were recaptured within33m oftheir original capture 

location,which conformsto recent movementstudies(Smithson and Johnston 1999, 

Johnston 2000)documenting limited movementbythe larger proportion ofthe 

population. Recapture data demonstrated that only 12%ofdarters moved considerable 

distances(> 100m)(Freeman 1995). These movements wereamong three distinct 

mesohabitats within the site(boulder riffle,sand pool,and gravel riffle). Darters 

appeared mostlikely to movelong distances during winter and spring,and movements 

occurred in upstream and downstream directions equally(Freeman 1995). 

Tagging 

There has been along-standing need for atagging method that is inexpensive, 

biocompatible,permanentand capable offield application,especially for small(<100 

mm)fish. Chemical marking ortagging has evolved from the need to eliminate the 

negative effects ofnon-chemical marks or tags. To conduct more precise studies such as 

population dynamics and life histories,atag musthave no effectonthe fish's behaviors, 

reproduction,life span,growth,feeding,movementor vulnerability to predation. 
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Various chemicals thathave been used to tag fish include metallic compounds, 

fluorescentcompounds,radioactive isotopes,latex and plastic,mksand paints,and dyes 

and stains(Arnold 1966). These maybe applied by immersion,spraying,tattooing,and 

injecting(needle or pressure)(Murphy and Willis 1996). Inert materials or pigments are 

embedded in or underthe epidermis ofthe fish,thereby creating an internal mark. As 

such,these pigmenttags can be considered the precursor to the visible implanttag 

(Murphy and Willis 1996). Pigmenttags are relatively inexpensive and easy to apply. A 

disadvantage ofchemical marking is that it lends itselfto batch tagging. However,small 

numbersoffish can be individually tagged byusing acombination ofseveraltag 

locations and varioustag colors. Pigmentmarking isa method in which inertcolored 

material isembedded in or placed beneath the animal's skin or exoskeleton(Nielsen 

1992). Thistechnique holds great promisein addressing the problem oflong-term 

tagging ofsmall fish. 

Davis(1955)wasthe first to use liquid latex rubberto mark fish. He injected 

colored latex subcutaneously into green sunfish,L. cyanellus, producing a mark that was 

retained for6to 10 months. Ofthe chemicals he tested,he believed liquid latex to bethe 

mostpromising because it remained flexible and produced no harmful physiological 

effects. However,there weresome problems with latex. Because it is air-cured,there 

were problems with clogged needles and variable curing times(within the fish tissue)that 

was subjectto size and location ofthe tag and air temperatures. 

Hill et al.(1969)did an evaluation ofseveral marking methodson channel catfish, 

Ictaluruspunctatus,using dyes and pigmentsthat were injected or tattooed,and hotand 

cold brands. They determined that blue latex injections,hotbrands,and cold brands were 
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the mosteffective for tagging in this study. The blue liquid latex wasfound to be 

superior to all other injected materials and was visible on 100percentofthe fish for 28 

weeks. 

Hill and Grossman(1987)developed a method using the subcutaneousinjection 

ofacrylic paintinoneofnine body areas ofsix small species offish using several 

different colors. Mark longevity varied among species and was affected by mark 

position. Their results suggested thatthistagging method does not adversely affect fish 

sm^ivaland can be long lasting(> one year)(Hill and Grossman 1987). Thissame 

method wasused by Freemanto tag adultP. nigrofaciata andjuvenileL auritusin her 

18-month movementstudy. 

Haines and Modde(1996)did acomparison study ofthree marking methods: 

tattoo ink injection,visible implantfluorescentelastomer,and fin clipping,using age-0 

Colorado squawfish,Ptychocheilus lucius. Their studies indicated thatfish marked with 

the elastomer had a mortality oflessthan 1%and a mark retention rate(85%) 

substantieilly higherthan eitherofthe othertwo methods after 142days. No differences 

in vulnerability to predation were observed among fish with any ofthese marks or 

between marked andimmarked fish. In afield test ofthe elastomer,theyfound it was 

easy to use,produced low mortality,and exhibited highly visible marks. 

Visible ImplantFluorescentElastomer(VIE)isatwo-part material consisting of 

medical grade fluorescent silicone rubber and a curing agent. Thisnew tagging system 

was developed by Northwest Marine Technology,Inc.(NMT,Shaw Island,WA)in 

1991. The tagging material was developed primarily for fish,and especially smallfish. 
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butis now being used for marking many smallorganisms,includingjuvenile shrimp 

(Godin et al. 1996)and terrestrial salamanders(Jung et al.2000). 

The VIEfortagging smallfish has been used on various species. Frederick 

(1997)tagged Hawaiian coral reeffishes(8-56 mm SL)successfully in the laboratory and 

in the field. Bonneau at al.(1995)used snorkelersto identify and countVIEtagged bull 

trout,Salvelinus confluentus, and cutthroat trout,O. clarki, during the day and night 

withoutthe need for recapture. Bailey et al.(1998)tested mass marking ofcoho salmon, 

O kitsutch, smolts. Theyfound ocean retention ofthe VIE tag to range between90-98%. 

Olsen and Vollestad(2001)compared growthintagged andimtagged age-0 brown trout 

(26-70 mm),Salmo trutta, released in the wild. Theyfound no significant differences in 

meanfork length betweentagged and imtagged individuals captured onthe same date. 

They also noted alow mortality rate associated with the VIEtagging method(0.5%)and 

could easily identify recaptured individuals. 

Dewey and Zigler(1996)evaluated the fluorescent elastomer for tagging ofadult 

andjuvenile bluegills,L. macrochirus. The marks were visible for ammimum ofsix 

monthsand did not affect growth or survival ofeither adults orjuveniles. Catalano et al. 

(2001)used age-0largemouth bass,Micropterussalmoides, and bluegill(50-100mm)to 

evaluate the retention rate ofinjectable photonic dyes(IPDs)versus VIEs,and the effect 

ofcolorless versus brightly colored marks,on prey selectivity by adultlargemouth bass. 

Their results revealed that only VIE markshad retention rateslong enough for use in 

small centrarchids(<150 mm). They also suggested that highly colored marks should be 

avoided in conspicuous locations because they may increase susceptibility ofthe tagged 

fish to predation. 
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This is notto saythat all VIE tagging has always been successful. Some earlier 

studies resulted in muchlowertag retention time,butthe cause was unclear. Close and 

Jones(2002)evaluated VIE mark retentionin fingerling(29months)and yearling(35 

months)rainbow trout. Fish were marked in the postocular adipose eyelid and onthe 

ventral surface ofthe lowerjaw using yellow and green VIE. After recapture,it was 

concluded that, with a visual detection rate thatranged from29%to33%,the marking 

locations were problematic(heavy pigmentation)forthis strain ofrainbow trout. 

Dissection offish revealed rates oftag loss to be 18%(yellow)and 12%(green),and of 

the green tags lost,25%had been injected too deeply to be detected with eitherthe naked 

eye orthe blue light(Close and Jones2002). 

The first VIEtagging ofa darter species wasconducted by Conservation 

Fisheries,Inc.,(CFI)ofBCnoxville,TN. Rakes and Shute(2002a)tagged five species 

(yellowfin madtom,spotfin chub,channel darterP copelandi,blue shiner Cyprinella 

caerulea, and boulder darter E. wapiti)with red VIE. They also tagged moimtain 

madtoms,N.eleutherus, and boulder darters with acrylic paint. Atthe end ofone month, 

twofish tagged with acrylic painthad died butnone ofthe fish tagged with VIE had died. 

Since thattime,the only lossesofany ofthese marked fish has been dueto old age, 

euthanasia or transport,and the tags are still readily visible. In another partofthat study, 

approximately430 sub-adult(captive bred)boulder darters were tagged using yellow 

VIE. One mortality occurred asaresult ofan air embolism. Withoutthe use ofthe blue 

light,however,the yellow VIEtags were nothighly visible. Withintwo weekstime,the 

majority ofthe darters had shed their tags,and piecesofelastomer were seen in the tank. 
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Thecause ofthistag loss wasunknown. Thesefish were retagged with red VIEand no 

tag losses were noted in thefollowingtwo weeks(Rakesand Shute 2002a). 

Anesthesia 

The U.S.Food and Drug Administration(FDA)has approved onlytwo 

anestheticsfor use on fish consumed by humansor fish released into public waters, 

tricaine methanesulfonate(MS-222)and carbon dioxide. MS-222isthe mosteffective 

and commonly used butis toxic to humansand costly. Carbon dioxide is considered safe 

butproducesinsufficient anesthesiaand fish mayreact violently after its application 

(Taylor and Roberts 1999). 

Clove oil has beenfoimd to be an effective alternative to MS-222by Soto(1995), 

Anderson et al.(1997),Keen et al.(1998),Peake(1998),Taylor et al.(1999),Waterstrat 

(1999),Prince and Powell(2000),Cho and Heath(2000),and Cooper(2001). Besides its 

simplicity ofuse and low cost,clove oil has been widely tested in humansand has been 

generally regarded as safe bytheFDAfor both fish and humans(Waterstrat 1999). 

Mostresearch has tested the anesthetic efficacy ofclove oilon salmonids and 

other gamefish. Afew studies have examined the effect ofclove oil on smallfish, 

Anderson et al.(1997)and Keene et al.(1998)studied the effects onjuvenile rainbow 

trout,and Waterstrat(1999)examined its use on channel catfish,1. punctatus,fingerlings. 

Soto(1995)usedjuvenile rabbitfish,Siganus ineatus,asaltwater species,ranging in size 

from 5 to 23cm in total length. All ofthese studies havefound clove oilto be a highly 

effective altemative fish anesthetic. Whencompared with MS-222,inductiontimes 

generally showed no significant differences;however,recoverytimesfor clove oil were 

significantly longerin these studies. 
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Only one research article wasfound thatexaminedthe effect ofclove oil ona 

smallfish species. Monday and Wilson(1997)comparedthe efficacy ofquinaldine, 

benzocaine,MS-222,2-phenoxyethanol,and clove oil for anesthetizing the coral reef 

fish,Pomacentrus amboinensis(maximum size 80mm SL). Clove oil was observed to 

havea calming effecton fish during induction and also produced excellent survival rates. 

Recoverytime with clove oil wastwoto three timeslongerthan recoveryfrom other 

chemicals,which wassuggested asa beneficial characteristic for use in fieldwork. 

Survey Methods 

Visual observation offish hascommonly been deemed the best method to 

estimate abundance ofreintroduced species. Direct underwater observations have proven 

to bethe mostefficient methodforthe collection oflife history data,microhabitatuse, 

and census collection ofrare benthic non-schooling species(Dinkins and Shute 1996). 

CFIhas used snorkel surveys to monitor all oftheir re-introduced federally listed species. 

In ariver fighting its way back to a healthy state,the sampling method mustproduce 

minimal injury and,hopefully,no mortality to any aquatic organisms. Although seining 

producesa minimum ofinjuries and mortalities,it provides only pointsamples,nota 

continuoussamplethroughoutthe survey area(Goldstein 1978). 

The only other optionforsamplmg benthic fish is electroshocking,which may 

cause shortterm and long term injury or death to fish and other aquatic species. Nielsen 

(1998)reviewed many studies that dealt with the lethal and sub-lethal effects of 

electrofishing. One study suggested that sub-lethal injuries mightaccumulate through 

time infish populationsexposed repeatedly to electroshocking(Nielsen 1998). Whaley 

et al.(1978)examined the mortality offantail darters,Eflabellare, exposed to variations 
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in pulse frequency and dviration ofexposure during elecfrofishing and suggested waysof 

minimizing injury. Nielsen(1998),in herreview ofelecfrofishing literature,stated that 

manyresearchers have suggested snorkel surveys as an alternative to elecfroshocking, 

Snorkeling does notharm fish and usually does notrequire as muchtime,equipmentor 

personnel(Hankin and 1988). Snorkeling is an effective underwater observation 

technique that worksin may environments including small streams and rivers,providing 

underwater visibility is adequate(Murphy and Willis 1996). 

Asnoted by Hankin and Reeves(1988),correlations between diver counts and 

accurate estimatesoffish abundance can be high(R>0.90)for fish in the water column 

(coho salmon)butlow for fish(steelhead trout,Salmo gairdneri)more closely associated 

with bottom substrate. Therefore,water depth,water clarity,and coloration(cryptic, 

non-cryptic)ofthe target species become major issues in the sampling design. 

Underwater visual enumeration ofstream salmonids using strip transect sighting 

models has become acommontechnique(Ensign et al. 1995). Surveys using visual 

estimation ofother species,specifically benthic fish,have been infrequent. Benthic 

species are frequently small,cryptically colored,and living under and around rock 

substrate,debris,or vegetation. Therefore,it may notbe possible to see all targets with 

equal certainty within asample site. Ensign et al.(1995),in their estimation study of 

abvmdance ofbenthic stream fishes,indicated that sampling modelsthat assume 

decreased sighting probability with increased distance ofthe targetfrom the line oftravel 

provide a more appropriate approach for abundance estimation ofbenthic riffle fish than 

strip transect models. The level ofprecision and reliability ofaline transect survey for 

tagged benthic fish is unknown. 
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CHAPTERIII 

Methods 

Study Area 

ThePigeon River is a high gradient,5thorder stream 111.8km(69.5 mi)in 

length,one of4,200 5th order streams in the United States(Gushing and Allan 2001). 

The river's source originates in the Blue Ridge physiographic province ofwesternNorth 

Carolina. Asthe river enters Tennessee,the gradient decreases,flowing into the Valley 

and Ridge physiographic province. ThePigeon becomes a classic floodplain stream 

initially underlain with deposits consisting ofmud and sand derived from the rocksofthe 

Blue Ridge Mountains. The alluvium is underlain with dolomite and limestone ofthe 

Knox Group(Cambro-Ordovician),and near Newportthe river crosses into SevierShale 

(Middle Ordovician),which overlies the Knox Group. Allthree rivers(Little Pigeon, 

Pigeon,and Nolichucky Rivers)utilized in this study are partofthe French Broad River 

drainage system. 

pigeon River receives paper mill effluents atPRKM 102(PRM 63.3),Canton, 

NC,and then flows approximately92km(57 mi.)to Newport,TN(Figure 2). Two 

locations were utilized for re-introductions(Figure 3). The main release site was at 

TanneryIslandPRKM 13.2(PRM 8.2)with asecondary sitejust downstream atthe 

McSween Memorial Bridge atPRKM 8.7(PRM 5.4)in downtownNewport. Both sites 

are characterized as nffle habitat with predominately cobble,boulder,and somesand 

substrate. Vegetation within the river is predominately river weed(Podostemum 

ceratophyllum)and,in the littoral zone,water willow weed(Justicia americana). 
21 
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Laboratory Trials 

Two separate laboratory experiments were conducted atthe facilities ofCFI. The 

first study was atag retention study using a surrogate species,the redline darter,E. 

rufilineatum. Theredline darter waschosen because it was plentiful, was co-located with 

the other species ofdarters in this study(at collection and release sites),and is considered 

a very hardy species. The second experiment used clove oil to anesthetize these same 

redline darters to comparethe knockdown and recoverytimes with thatofMS-222. The 

objective was to determine ifclove oil could be used as an alternative to MS-222. 

TagRetention 

Theredline darters used inthe laboratory studies were collected from the Little 

Pigeon River(LPR)just above its confluence with the WestProng,Little Pigeon River 

(WPLPR)(Figure 4). Fish were collected by kick seining using a4.6-m seine(5 mm 

mesh). The netwasheld in place in the fast currentofa riffle,then4or5 people 

upstream ofthe net moved in a line towardsthe net,kicking and dislodging the rock 

substrate,thereby herding the fish towardsthe net. Once the kickers reach the net,the 

anchor line waslifted to a horizontal position so thatthe catch could be examined. Those 

specimensto be collected were placed in buckets containing river water and transported 

to the holding area. The darters were placed in oxygenated insulated holding tanks 

(coolers)containing ambientriver water until ready for transportto the laboratory. 

Dissolved oxygen contentand temperature were monitored continuously. The fish were 

placed in plastic bags,filled approximately 1/3 with river water,and then the bags were 

oxygenated and sealed for transport. The bags were placed in sealed coolers,placing the 

fish in the dark to minimize transport stress and temperature change(Williams et al. 
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1988),and transported to the University ofTennessee fisheries laboratory,Johnson 

Animal Research and Teaching Unit(JARTU),where they were held overnight. 

Subsequently,they were taken to CFI,acclimated to the new environment,and then 

placed into one ofthree 189-L aquaria that were partofalarger recirculating aquaria 

system.Initial feeding consisted oflive Daphniafortwo days,followed by Daphnia and 

live black worms{Lumbriculus varigatus). By week three,mostwere eatingfrozen 

bloodworms(Chironomidae larvae)and had adjusted to the aquaria;no mortalities 

occurred during the acclimation period. 

After four weeksofacclimation,all fish were removed fi-om the three aquaria and 

placed in aerated holding buckets in preparation for the tag retention study. Water 

temperature was monitored throughoutthe procedure. Immediately before tagging,three 

orfourfish were placed in aclear plastic shoebox with 100mgofMS-222in 1.0Lof 

ambient water. Once anesthetized to a Stage4level(Table 1),each fish wasremoved 

fi-om the shoebox and tagged with VIE using a0.3-cc insulin syringe with an ultra-fine 

29-gauge needle. These same methods had been used successfully by CFIto tag and 

reintroduce endangered boulder darters in the Elk River,TN(Rakes and Shute 2002a) 

The tagging material.Visible Implant Fluorescent Elastomer(VIE),is a bio-

compatible,medical grade silicone that,wheninjected asaliquid,cures to a pliable solid. 

VIEcomesin five fluorescent colors(red,green,yellow,orange,pink). These colors are 

easily seen in ordinary light;in reduced light conditions,a blue LED light enhances 

visibility. Curingtime is temperature dependent.VIEis atwo-partcompound of 

elastomer and curing agent ata 10:1 ratio. It is mixedjust prior to use and generally has 

a working time oftwo hours atroom temperature,although alonger time ifcooler and a 
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Table 1. Stages offish anesthesia induction and recovery. 

Stage of 
Induction Description 

1 Sedation:Partial or total lack ofreaction to external stimuli. 

2 Subtranquility:Partial lossofequilibrium,uncoordinatied 
movementfollowed by active,erraticswimming. 

3 Tranquility: Inverted swimming with intermittentresting 
on bottom,butreactto vibrational stimuli. 

4 Anesthesia: Lossofreflex activity with slow erratic opercular 
movement. 

5 Medullarycollapse:Respiratory movementceases. Fish are 
pale. Death. 

Source; Plumb,J.A.,and T.E.Schwedler,and C.Limsuan(1983) 

Stage of 
Recovery Description 

1 Reappearance ofopercular movement. 

2 Partial recovery ofequilibrium with partial recovery of 
swimming motion. 

3 Total recovery ofequilibrium. 

4 Reappearance ofavoidance swimming motion and reaction 
inresponse to external stimuli,but still behavioralresponse 
is stolid. 

5 Total behavioral recovery;normalswimming. 

Source: Cho,G.K.,and D.D.Heath(2000) 
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shortertime ifwanner. Ifthe temperature ofthe water in which the tagged fish is placed 

is <10°C,it maytake upto 24hoursforthetag to cure(NorthwestMarine Technology, 

Inc). 

Needletechnique is very critical to the visibility and retention ofthe mark. The 

needle pierced the skin ofthe fish,bevel up,tojustbelow the dermis and wasinserted 5-

6mm,parallelto the skin(Figure 5). The goal wasto place the tag betweenthe skin and 

the muscle layer to maximizetag visibility through the skin layer. Ideally,each tag was 

3-5imn in length. VIE wasinjected asthe needle was withdrawn,filling the cavity made 

bythe needle. Injection was haltedjust prior to removalofthe needle. Any excess 

elastomer exuded from the entry wound was wiped offto minimize tag loss after curing. 

Ninety redline darters(36-83 mmTL)were doubletaggedjustoffthe midline,parallelto 

the dorsalfin;30each were marked withred,yellow,and green VIE. Aftertagging,the 

total length(mm)and sex ofthe fish wasrecorded and they were placed in arecovery 

tank with oxygen aeration. Fish settled onthe bottom ofthe recovery tank wherethey 

remained for 1-4 minutes before reaching recovery Stage4(Table 1). Uponrecovery,ten 

fish ofeach color were placed in each ofthree aquariafor atotal of30fish per aquanum. 

Visual observation ofall fish wasconducted after24and48 hoursto check for 

mortalities. Notagged fish were handled again until day 14. Fish were nothandled;(1) 

to minimiyft sfress,(2)to allow the VIEto cure,and(3)to ensure thatthe tissue injection 

site had time to heal. For observations conducted at 14,30,60,90,and 125 days,fish 

were netted from the aquariaand observed individually for general health and tag 

retention. Each tank wasemptied individually,and then fish were netted and placed in an 

aerated container. From there,five fish at atime were placed in an aerated plastic 
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Figure 5. Needle technique schematic.
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shoebox for observation by afisheries biologist. The parameters used to determinethe 

health ofthefish included clarity ofeyes,condition ofthe fins,and activity level. These 

same parameters were used for all subsequentobservations. VIEtags were checked for 

visibility with the naked eye only on day 14. All subsequent observations were checked 

for tag visibility with the eye and ifnot readily visible,aLED blue lightflashlight and 

amber glasses were used to locate the tag. Starting with the day 30 observation,the size 

and shape ofthe tag were also recorded. 

Anesthesia 

Dueto clove oil'slow solubility in water attemperatures below 15°C,it was 

dissolved in ethanol ata ratio of9:1(ethanohclove oil)and added to dechlorinated tap 

water to make a 1.0-L solution. This stock solution was made onthe day ofthe 

experimentto limit photo-degradation(Keene et al. 1998). Thefish used forthis 

experiment werethe previously tagged redline darters that had been acclimated to aquana 

for 125 days;food was withheld for24 hours before the experimentbegan. One liter of 

ambient water was placed in a clear plastic shoebox(30.5cm x 16.5cm x 11 cm). The 

stock solution wasshaken vigorously;the appropriate quantity was measured for the test 

concentration,which wasthen poured into the shoebox. This clove oil mixture was 

stirred before the fish were introduced. Each fish was monitored individually to 

determine timeto induction and time to recovery using a stopwatch. Induction was 

considered complete when Stage4occurred,i.e.,loss ofequilibrium. This was defined 

asthe point when the fish could no longer right itself. Three darters were netted fromthe 

holding tank and when placed in the shoebox,the stopwatch was started for each fish. 

Once anesthetized,the fish was netted and placed in the recovery container,at which time 
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the stopwatch wasstarted. Recovery wasconsidered complete(Stage4)with the 

reappearance ofavoidance behavior,being defined,as whenthe fish wastouched,it 

wouldswim away. Both anesthesiaand recovery tanks were aerated and temperatures 

monitored throughoutthe experiment. Thesesame procedures werefollowed for each 

concentration tested. 

Preliminary trials using40,60,80,and 100mg/L ofclove oil were conducted to 

narrow the numberofconcentrationsto betested to those mostpromising. Twelve fish 

from tank#1 were used forthe trial,with three differentfishfor each concentration. 

After recovering from the anesthesia,allfish were returned to tank#1. These 

concentrations were chosen based ona prior study by Cooper(2001),which tested the 

efficacy ofclove oil on non-salmonid species. Duringthe tagging procedure using MS-

222,tenrandom induction times were recorded. Based on Marking and Meyer's(1985) 

criteriafor an ideal anesthetic,the goal wasto find thelowesteffective concentration of 

clove oilto induce anesthesia atthree minutes or less,recovery in 10 minutes or less,and 

no fish mortalities. Asaresult ofthe preliminary trials,concentrationsof30,40,and50 

mg/L were chosenforthe experiment. Twentyfish were tested ateach concentration. 

After recovering from the anesthesia,all fish were returned to tanks,which were 

observed for abnormalities and mortalities forfour weeks. 

Atthe completion ofboth laboratory studies,the fish intanks#2and#3 were 

returned to the collection site onthe Little Pigeon River. Theredlines were released at 

latitude 35°52'25"N and longitude 83°34'21"W. The fish intank#1 were held 

indefmitely to determine howlongthe VIEtag would remain visible. 
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Field Study 

From 14 March2001 to 13 March 2003,the three target darter species were 

collected fromtwo sites for re-introduction. The first site waslocated onthe Little 

Pigeon River(LPR)from below the Highway66bridge tojust upstream ofits confluence 

with the WestProng,Little Pigeon River(WPLPR)in Blount Covmty,near Sevierville, 

TN(Figure 4). Atthis location,blueside and gilt darters were collected. The second site 

waslocated onthe Nolichucky River(NRM28)justdownstream ofthe bridge at 

Bewley's Chapelin Greene Coimty,TN(Figure 6). Thislocation wasone ofafew 

locations where bluebreast darters are common(Charles Saylor,TVA,personal 

communication). Gilt darters were also collected from this site. 

All collection and tagging operations were conducted in the spring,fall,or winter, 

when water temperatures werelow,minimizing heatstress. The collection method for all 

three darters wasconducted in the same manner asthe collection for redline darters(see 

page 22). River watertemperature,dissolved oxygen,and pH data were recorded atthe 

start ofeach collection effort to be used as areference pointfor the water in the holding 

and tagging tanks,and for acclimation atthe release sites. 

Field tagging procedures were modified from the lab study. The holding and 

recovery tanks consisted ofindividual 34-L coolers. Each species collected had its own 

recovery coolerto help minimize temperature change. Fresh river water wasadded and 

replaced as needed. Coolers were keptin the shade,when possible,and with the lids, 

openjustenoughfor aeration hoses.This minimized heat,soimd,and light transfer, 

which would minimize additional stress onthe fish. Alltanks were aerated using oxygen 

from portabletanks. To maintain the temperature ofthe anesthetizing solution on warm 
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days,ice was placed in sealed plastic bags and floated in the container. Temperature and 

oxygen were monitored in all fish containers. 

The VIE color used in each batchtagging effort represented the river source,the 

season(spring or fall),and the year ofcollection(Table 2). Tagging ofindividual fish 

and transport were conducted using the same procedures as described previously on 

pages22-26. Aftertagging,fish were transported to the appropriate release site, where 

they were acclimated to river temperature.Acclimation wasrequired for any temperature 

difference between the fish transport bag and the Pigeon River exceeding 2°C;the 

tempering processshould notexceed 5°C/h(Murphy and Willis 1996). The sealed bags 

offish were floated in the river,and only opened after the river and bag temperatures 

were nearly equalized. River water wasadded to the bags in small incrementsto 

acclimate the fish to water quality variables. 

Onthree occasions,a variation ofthetagging procedure wasnecessary. In one 

instance,sunlight diminished before all fish could be tagged,and in the other case,it was 

too coldto completethefield tagging process. In both situations,untagged fish were 

transported to JARTU,and held for 2-6 days during which timethe holding tank was 

aerated,temperature was monitored,and water wasexchanged as needed. They were 

tagged and transported to the re-introduction sites for acclimation and release. 

ThePigeon River Recovery Project determined the primary re-introduction site. It was 

believed thatthe area above Taimery Island(latitude 35°56'39"N,longitude 

83''10'44"W)had good habitat characteristics for gilt, blueside,and bluebreast darters.It 

waslater determined that this site had only marginal characteristics for blueside darter 

habitat. A new site waschosen downstream that contained more sand and vegetation 
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Table2. Comprehensive list ofspecies re-introduced into thePigeon River during a 
24-month period from March2001-March 2003. 

River Release 

Date Species N Source VIE Site 

3/14/01 BS 128 LPR R TI 

5/23/01 G 120 LPR R TI 

BS 1 LPR R TI 

10/02/01 G 132 LPR G TI 

BS 4 LPR G TI 

10/09/01 G 41 N Y TI 

BB 121 N Y TI 

11/06/01 G 52 N Y TI 

BB 122 N Y TI 

BS 6 N Y TI 

2/08/02 BS 113 LPR 0 MMB 

G 51 LPR 0 TI 

2/15/02 BS 107 LPR 0 MMB 

G 43 LPR 0 TI 

3/15/02 BS 145 LPR 0 MMB 

5/21/02 G 157 LPR 0 TI 

5/28/02 G 136 LPR 0 TI 

8/28/02 BB 86 N P TI 

G 28 N P TI 

10/23/02 G 126 LPR P TI 

3/13/03 BS 115 LPR R MMB 

G 61 LPR R TI 

BS=Blueside darter 

G=Gilt darter 

BB=Bluebreast darter 

TI=TanneryIsland,Pigeon River 
MMB=McSweenMemorialBridge 
LPR=Little Pigeon River 

NT=NotTagged 
R=Red 

G=Green 

Y=Yellow 

O=Orange 
P=Pink 
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adjacentto riffle and pool habitat. This re-introduction site waslocated 200m 

downstream ofthe McSween MemorialBridge at latitude 35°58'08"N and longitude 

83°11'20"W. Site locations referenced bylongitude and latitude wasinitially determined 

using ahandheld Garmin GPS(GlobalPositioning System),elrex Legend model. 

Subsequently,an online mapping service was used(Maptech Mapserver)to provide more 

accurate latitude and longitude reference points. Site elevations were also determined by 

GPS. Monitoring forthe re-introduced species was accomplished by qualitative and 

quantitive underwater visual surveys and datafrom the annualIBIsconducted atthe 

Denton and Tannery Island sites since 1988(Figures7and 8). Fish species identified 

during theIBIs are recorded in Appendix A. TheDenton location has also been 

considered a possible future re-introduction site. 

The snorkelsurvey consisted offive parallel line transects,startingjust abovethe 

pool-riffle transitionzone atthe TanneryIsland site,surveying downstream a distance of 

100 m. This surveyed an area of600m^,measuring6m wide by 100m long. The upper 

boundary waslocated at an approximate latitude 35*'56'38"N and longitude 83°10'44"W, 

and the lower boundary at latitude 35''56'44"N and longitude 83°10'43"W. No block-

nets were used to confine the fish within the survey site,since pools atthe upstream and 

downstream endsofthe census site were considered natural barriers. Thetransects ran 

roughly parallel to the midstream island,approximately 1 to2meters east fi-om its bank, 

and encompassing the thalweg,i.e.,the line defining the lowest points along the length of 

ariver bed which correspondsto the swiftest waterflow. The width ofthe lanes(1.2m) 

had been determined priorto the survey. During several qualitative surveys atthis 

release site,it wasdetermined thatthe identity and tag ofatarget species could notbe 
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Figure 7. AnnualIBIscoresfor thePigeon River atDenton and TanneryIsland 
1988-2002. 

Source:TDEC2002. 
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Figure 8. Numberoffish species collected during the annualIBIs atDenton and 
Tannery Island 1988-2002. 

Source: TDEC2002. 
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confirmed ata distance greater than60cm(2feet)in full sunlightand lessthan45cm 

(1.5 feet)in shade. Horizontal visibility waschecked twice before the start ofthe survey 

using a Secchi disk withtwo different snorkelers,which confirmed a distance of1.6 m. 

Afterthe lead core ropes and their anchors were setand spaced,the area was vacated for 

one hourto letthe fish resettle. The survey could not start imtil approximately noon, 

when all shade had receded from the river andthe river wasin full sim. 

Entering the river upstream ofthe transect area,five experienced observers with 

masks,snorkels,and wetsuits conducted the surveys. Each snorkeler wastethered with a 

rope around one ankle(Figure 9). The rope was attached to areel,which wasoperated 

by the tether person. The tetherer'sjob wasto keep each snorkelerin a straightline and 

hold them in place while they counted darters and recorded the data. Snorkelers 

communicated with tetherers and adjacentsnorkelers with hand signals. Fish observed 

along transectlane boimdaries or fish passing between transects were discussed with 

adjacent snorkelersto reduce duplicate counts. The lead core rope marked the center of 

each lane or transect. The snorkelerkept his/her body centered overthe rope asthey 

drifted slowly downstream,scanning directly in frontand to both sides ofthe line of 

travel(Figure 10). Whenone ofthe target species wassighted,the line ofsnorkelers was 

halted and the species and color ofthe VIEtag(or notag)wasrecorded onthePVC slate 

ofthe individual observer. Ateach location thata darter(s)wasobserved,the snorkeler 

placed a weighted marker,attached to afloat,onthe stream bottom. All snorkelers 

would then proceed when the signal was given. Atthelowerend ofthe survey area,the 

snorkelers had to crawl and walkthrough some shallow places(<15cm in depth)within 

the rapids. This wasnot preferred habitatfor any ofthe three target species. 
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Figure 9. Snorkel survey conducted at Tannery Island, LPR, 26 July 2003.
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Figure 10. Snorkel survey in progress.
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Approximately50minutes wasrequired to complete each survey,with three 

replicates being conducted. Snorkelers were assigned to differentlaneson each pass. At 

the completion ofeach pass,the water depth(cm)was measured with a meter stick and 

current velocity(m/sec)was measured with aflow meter(Marsh-McBimey)asclose to 

the bottom as possible at each marked location. Approximately30 minutes was given 

between each replicate surveyto allow the fish to resettle. Due to the hydroelectric dam 

upstream,the surveys had to be completed by 1600 hours,at whichtime the generated 

flow normally reached TanneryIsland. The increase in water velocity made snorkeling 

impossible. The areas adjacentto the release site were checked fortagged fish ontwo 

occasions. 
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CHAPTERIV 

Results and Discussion 

Tag Retention 

VIE tags have advantages over other types offish tags. Elastomertags are 

externally visible,but are entirely internal and biocompatible. Afterthe injection site 

wound has healed,there are no long-term openingsin the tissue that may lead to infection 

as with extemaltags. Thissmall internaltag is less vulnerable to environmental damage 

and is less likely to alter fish behavior compared with mutilation methods(Hale and Gmy 

1998). The expense ofextracting and reading ofothertypesoftagsis eliminated. VIE 

tagscan be identified without sacrificing the fish and withouthandling orremoving the 

fish firom its environment. 

Duringthe tagging procedure inthe laboratory,water temperature ranged fi-om 

12°C to 13°C. The aquaria were checked at24and48 hoursfor mortalities,with no 

mortalities orabnormal behavior noted. Ondays 30,60,90,and 125,fish were observed 

for tag visibility and general health.Tag visibility data are located in Appendix D1-D9. 

Thirty days after tagging,VIEtags on darkly pigmented fish were difficultto see, 

especially,the green and yellow tags. These tags both appeared asthe same color under 

the blue lightand wereindecipherable(Figure 11). Amber glassesremoved the blue tint 

ofthe blue LED light,allowing the true color to show. Theamber glasses in conjunction 

with the blue light helped differentiate between larger yellow and green tags butdid not 

help in identifying smaller yellow and green tags. Atday60,there wasan increase in the 

numberoftags visible only with the blue light. The problem ofdifferentiating between 

yellow and green tags remained. 
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Figure 11. Tagged redlines under the blue LED light. Note fluorescent tags at the
arrows.

49





Acolor reference block that wasnot partofthe original VIEtagging kit was 

provided by CFIforthe 90-day and final observations. Thisreference block oflatex 

contained samplesofallthe VIE colors. When used in conjunction withthe blue light 

and amberlenses,tag color identification became much more reliable. The more practice 

observingtagged fish,the morethe ability increased to detectand identify the tag color. 

Duringthe 90-day laboratory observations,it was noted thatonly one darter in 

tank#2wasextremely dark;however,when all fishfor thistank were returned tothe 

aquarium,five extremely dark fish were noted. This also occurred with the fish in tank 

#3,withthree fish appearing extremely dark during observations,but10extremely dark 

ones noted afterwards. This behavior wasnotnoted during any ofthe other observations 

in this study. The CFI biologist stated thatsome fish darken their colorinresponse to 

stress. During this observation,the watertemperature \1.TC-I8.8°C wasthe warmest 

during the entire study,which was substantially higherthan the 10°C - 13°C temperatures 

during all other observations. Temperature changes outside ofaspeciesthermal 

optimum maylead to reduced tolerance ofadditional stressors,such as,capture and 

handling(Murphy and Willis 1996). Also,fish that arefnghtened may undergo rapid 

color changes(Moyleand Cech 2000). This finding suggested thatthe elevated 

temperature may have added to the stress level ofthe darters,resulting in adarkened 

color pattern. 

Tag visibility was greatly affected bythe depth at which the tag wasplaced. It 

wasnoted thatinexperienced personnel were more likely to injectthe elastomertoo 

deeply into the tissue instead ofjust underthe skin. A similar problem was noted by 

Frederick(1997),Bailey et al.(1998),and Close and Jones(2002). Kelly(1967)stated 
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that placementofthe tagging material atthe proper intracutaneous level is likely the most 

critical factor. Hefurther suggested thatthe needle insertion maybejudged as being at 

the correct depth ifthe needle shows asa dark line underthe skin. Tag visibility in the 

presentstudy was affected by fish coloration,tag color,the tagger's experience,and the 

observer's experience. 

No pattern oftag losscan be concluded from these observations. The numberof 

tags visible to die naked eye and the number visible withthe blue light varied between 

observations. The yellow VIE wasthe least visible ofthe three tag colorsthroughoutthe 

study. However,on the final observation(day 125),nine tag sets werenot visible to the 

naked eye,butwere visible underthe blue light;one set wasred and the other eight sets 

were yellow. Based onthe difficulty ofdifferentiating between yellow and green in this 

study,it is notrecommended to use both colorsin astudy using asingle species. In this 

study.Visible ImplantFluorescent Elastomer resulted in no mortalities and 100%tag 

retention after 125 days. 

Anesthesia 

Asnoted in the Literature Review,there is substantial documentation ofthe 

effectivenessofclove oil as afish anesthetic. However,fish species differ in the 

concentration ofchemicalrequired to achieve a given level ofanesthesia,and in then-

recovery time(Summerfeltand Smith 1990). Therefore,the redline darter waschosen to 

bethe first darter species anesthetized using clove oil. 

Watertemperature during anesthetization and recovery ranged from lO^-l1.1°C, 

which was well below the recommended 15°C level.The mixture wasshaken vigorously 

to facilitate emulsification ofthe clove oil and water solution. Manyfish exhibited a 
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gasping behavior when initially placed in the clove oil solution. A similar behavior was 

observed by Keene et al.(1998).Even atthe low temperatures experienced during this 

experiment,the clove oil performed well asafish anesthetic. Stage4anesthesia(Table 1) 

is defined asthe loss ofequilibrium. To observe the initial loss ofbalance,fish often had 

to be gently pushed over because their pectoral finsbecame erect during anesthesia, 

keepingthem from rolling over on their sides. Stage4recovery(Table 1)refersto the 

resumption ofthe fear orfnghtresponse,and was exhibited by avoidance or movement 

from the stimulus. To determine recovery,each fish wasprodded and the stopwatch read 

when each individual beganto swim awayfrom the stimulus. 

The clove oil preliminary trials narrowed the range and numberofconcentrations 

to be tested. Ourparameters wereto find the lowesteffective concentration thatinduced 

Stage4anesthesiain three minutes(180 sec)or less. Based onthe preliminary results, 

we chose to testthe40 mg/L concentration.Two additional concentrations were selected 

(30and 50mg/L)to bracketthe chosen dosage. 

Data were analyzed using ANOVA,i.e.,one-way analysis ofvariance(SPSS 

Base 10.0). Inductiontimes ofthe three concentrations(30,40,50mg/L)ofclove oil 

were compared with thatof100 mg/L ofMS-222(Table 3).ANOVA applied to the 

induction means determined that differences existed amongthe means.Based onthe 

arbitrary criteria ofthree minutes or less,the likely choice would be40 mg/L with an 

induction mean of175 sec.(2:55min.). A posthocrange test was used to determine 

which means differed. A LSD(least significant difference)Test(p=0.05)indicated that 

there wasno significant difference between 30 mg/L and 40 mg/L concentrations. 

Therefore,there wasno reason to rejectthe hypothesisthatthey are equal.ANOVA 

53 



Table3. Descriptive statisticsfor theinduction(Induct)times(sec)of30,40,and50 
mg/L ofclove oil,and 100 mg/L ofMS-222;and for the recovery(Recov)times(sec) 
of30,40,and50 mg/L ofclove oil. 

Induct N Mean Std.Error Minimum Maximum 

30 20 1981 107 118 313 

40 20 1754 79 113 252 

50 20 141 3 5.2 95 178 

100 10 1823 07 180 185 

Recov N Mean Std.Error Minimum Maximum 

30 20 2365 21 5 115 427 

40 20 2933 191 178 516 

50 20 3701 160 240 471 
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applied to the recovery meansdetermined thatdifferences existed amongthe three clove 

oil concentrations.AnLSD Testindicated significant differences among all three. 

Therefore,the hypothesisthatthey are equal wasrejected. Based onthe above results, 

the lowest concentration(30mg/L)was preferred to minimize recovery time and 

minimize exposure to an anesthetic. 

Field Study 

The use ofvmderwater observation,i.e.,the snorkel survey,to assessfish 

assemblagesby coimting numbersoffish,hasseveral advantages. Equipmentis 

affordable and easily portable. Snorkelers can directly observe the substrate,aquatic 

vegetation,and the entire riverine topography. Similarities and differences in life history 

among and within species may be observed first hand. Oncethe location and abundance 

is known,the species may be collected more efficiently by other sampling techniques. 

A major advantage ofsnorkeling is thelow numberofpersonnel hours required to 

survey a stream,whereas,chemical,electrical,and mechanicalsampling require more 

hours(Whitworth and Schmidt 1980). The major disadvantages are thatthere mustbe 

horizontal visibility ofat least 1.5-2m and a minimum depth of15cm. 

A preliminary snorkel survey wasconducted 1 October2001 at TanneryIsland. 

Arandomzigzag snorkel ofthe release site(surveying upstream and downstream)and 

the areas adjacentto the re-introduction site were completed. No blueside or gilt darters 

werefoxmd outside ofthe release site. Threetagged(red)gilt darters were observed 

while snorkeling downstream in the swiftest current,mid-riffle ofthe release site. 

Snorkeling in an upstream direction had previously elicited immediate flight 

behaviorfrom the gilt darters. When moving downstream and approaching head-on at a 
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very slow pace,asnorkeler could moveto within inches ofa gilt darter. Based onthese 

findings,all later snorkel surveys were conducted ina downstream direction. It was 

determined,asaresult ofthis survey,that Tannery Island had only marginal habitatfor 

blueside darters. A new site waslocatedfor their re-introduction downstream ofthe 

McSween Memorial Bridge in Newport,TN. 

Sixty VIE-tagged fish fi-om the laboratory study were released atthe collection 

site onthe Little Pigeon River(latitude 35°52'25"N,longitude 83°23'21"W)on 15 March 

2002. Seven days later,the release site and the area above and below it were seined. In 

16 seining samples of91.4 m^ per effort,fivetagged fish were collected,with only one 

tagged fish caughtin any one effort. Allfish were collected downstream ofthe release 

site. 

Tagged redlines(fi:om the earliertag retention study)were caughtincidentally 

during the collection ofother target species:21 May2002,one tagged fish;28 May2002, 

three tagged fish;and 23 October2002,three tagged fish. In all recaptured fish,the VIE 

tags were visible without artificial illumination. These redlines weretagged on30 

October2001,indicating atag retentiontime in the field ofapproximately one year. 

Ofthe 1,917 blueside,bluebreast,and gilt darters field tagged,only24 

(1 bluebreast,9blueside,14 gilt darters)expired before release,for atagging mortality 

rate of1.2%. These mortalities were mostlikely a result ofmultiple stress inducing 

factors. Stress results when fish experience flight,discomfort,or pain(Schreck 1981). 

Lossofmucusor scales,breaks in the skin,or damage to internal organs can lead to 

shock,increased susceptibility to infection,suppressed immune system,and/or delayed 

mortality(Schreck 1981).These fish were trapped in a net,carried in small buckets, 
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confined in a cooler,dropped into an anesthetizing bath,and stuck with a needle;some 

were eonfined in astrange environmentfor as many as six days,and six ofthese died in 

peakspawning eondition. Based onthese multiple stress factors,it is surprising thatthe 

mortality rate was not higher.Onthe other hand,no redline mortalities occurred in the 

laboratory study.This mayindicate thatthe darters in the presentstudy were hardierthan 

originally perceived.However,there isroom forimprovement. Watertemperature 

differentials should be watehed more closely. 

Oneofthe mostfrequently used proceduresfor an underwater survey isthe strip 

transect method(Watson et al. 1995). This conceptinvolves asnorkeler moving a 

measured distance along the bottom ofa waterbody while counting fish within a specific 

width orrange. Our snorkelers required taxonomic knowledge ofthetarget species as 

well as experience in recognizingtagged fish and differentiating betweenthe VIE colors 

underwater. The effect ofimderwater magnification(1.33x)assisted usin identification. 

The blue LED wasnot utilized during anyofthe snorkel surveys. Our previous 

experience showed minimal,ifany,enhancementto tag visibility in clear water. 

However,Rakesand Shute(2002a)noted that while searching for VIEtagged boulder 

darters in the turbid waters ofthe Elk River,the blue lightilluminated marked fish, 

making the tags easily identified. 

The first replicate ofthe snorkel survey wasaffected by the learning curve ofthe 

personnelinvolved. Only one person had tethered a snorkeler before and only one 

snorkeler had done atransect while tethered. This created problems getting and keeping 

the tension rightonthe tether and sometimesresulted in disturbances ofthe sediment. 

This firstreplicate wascompleted atafaster pace(45 min)than the second and third 
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replicates(50 min). This may explain the lower countof42fish onthe first pass,while 

the second and third passes had69and64fish,respectively. 

During the snorkel survey,the working visibility ranged from60cm in full sun to 

45cm orless when ambientlight wasreduced by passing clouds. Instream cover 

consisted primarily ofcobble in the preferred habitatand boulders in the poorer habitat, 

which mayhave had a minimal effect on target species visibility. Minimalsediment was 

dislodged during the survey due to the tetherers holding the snorkelersin place and the 

buoyancyofthe wetsuits keptthe snorkelers offthe bottom exceptin very shallow 

places. 

A 100-m transectlength wasdesigned to passthrough cobble riffle and boulder 

riffle habitatto confirm the habitat preference ofbluebreastand gilt darters that was 

hypothesized to betwo riffled-dwelling species. Nearly all target species were located in 

the upstream halfofall five transects. Onlyone gilt darter was observed nearthe 

downstream end ofthe survey site. The upper halfconsisted ofcobble,with some sand 

and gravel in fast water riffles and the lower halfconsisted ofboulder,with some cobble 

and sand.Markers were placed onthe river bottom at any site wherea darter or several 

darter target species were observed.Ateach marker,velocity(m/sec)and depth(cm) 

measmements were taken in hopes ofcomparing relative microhabitat differences among 

re-introduced species.However,ofthe 175 fish counted during the survey,172 were gilt 

darters;onlythree were bluebreast darters,and no blueside darters were observed. 

Incidentally,the measurementsfor the three bluebreast darters were similar to those for 

the gilt darters. 
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One hundred and seventy-five target species were identified and counted; 

representing a density of58.3 fish in600m^,however,preferred habitatonly represented 

halfofthe survey site or 300 m^. Ifthe assumption is made thatthe passes were random, 

then it is possible to calculate an expanded density for the upper50m of291.5 fish in 

1,500 m^,or 19.4fish in 100 m^. 

Representativesofall four re-introductions were seen,in which the fish were 

batch tagged with red,green,yellow,or orange VIE. Thethree bluebreast werefound on 

the marginsofthe cobble riffle habitat. One wasfound in the shallow littoralzone and 

two werelocated downstream in the deeper water atthe cobble/bouldertransition. 

Although there werefewer bluebreastthan gilt darters re-introduced(243/724),there 

mustbesome otherfactor affecting their numbers. According to Stauffer et al.(1996), 

bluebreast darterstend toward habitat specialization. They prefer moderate to swift 

currentin riffles like the gilt darter but prefer water at depthsof0.5-1.5m(Etnier and 

Stames 1993). Water depth withinthe transects ranged from 15-60cm,suggesting they 

may have migrated to deeper,more suitable habitat. 

The multi-agency annualIBIconducted onthePigeon River in July2002 

collected six tagged darters atthe Tannery Island site,which wasthe same areaofthe re-

introductions. Three tagged gilts were also collected atthe riffle areaabove the re-

introduction site. A large,deep pool separated these two riffles. No other target species 

were collected at any other locations during the IBIsof2001 or2002. 

Qualitative imderwater observations were performed on 1 October2001 and 10 

Jirne 2002in the areaimmediately adjacentto the release site. Notarget species were 

observed in the pool above,in the westchannelofthe midstream island,or in the riffles 
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and side channel below the survey site. Several qualitative snorkel surveys were 

completed atriffle areas upstream and downstream ofTannery Island to attemptto locate 

otherfish which may have movedfrom the re-introduction site. The survey conducted at 

the riffle above Tannery Island(latitude 35°56'19"N,longitude 83°10'39"W)produced 

26 gilt darters and one bluebreast darter. Underwater surveys atthe second and fifth 

riffle complex upstream,andthe three riffle areas immediately downstream,found no 

target species. Atthe McSween MemorialBridge site(latitude 35°58'08"N,longitude 

83°11'20"W),sandy vegetated areas ofthe mid-stream island were circumnavigated,with 

no results. Possible blueside habitat has been identified downstream and will be sampled 

by seining and electroshocking during the spring of2003. 

Whatappeared to be a young ofthe year gilt darter(nottagged)was collected 

during the annualIBI atthe Denton site,approximately 26.5 km(8 mi)upstream of 

Tannery Island. Iftagged gilt darters have migrated further upstream,this may be an 

indication ofsuccessfiil reproduction bythe transplants. Future plans include snorkel 

surveysofall riffle areas between Tannery Island and Denton to evaluate movementsand 

reproductive success ofthe re-introduced species. 
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CHAPTERV 

Summaryand Recommendations 

Visible implantfluorescent elastomer wasevaluated as atag for selected darters 

re-introduced into the Pigeon River. Inthe laboratory setting,VIE tagson surrogate 

redlines were retained for 125 days with no mortalities. Only 1.2%ofthe re-introduced 

species were lostdueto tagging mortality. Tag visibility was affected mostbytwo 

factors:(1)subcutaneous depth and,(2)skin pigmentation atthe selected tagging site. 

Based onthe difficulty ofdifferentiating between yellow and green tagsin this study,it is 

notrecommended to use both colors in astudy using asingle species. Before using VIE 

inastudy or research requiring marked fish,individuals should betrained and 

experienced in tagging fish to assure maximum tag retention and visibility. Tag location 

and VIE color should be assessed on a species-specific basis. 

Clove oil wasevaluated asan alternative field anesthetic for tagging.It was 

determined to be an effective alternative anesthetic forredline darters. There wasno 

statistical difference between induction times for concentrations of30and40mg/L,but 

the use of30mg/L would provide a minimaleconomic savings. The40mg/L 

concentration provided a meaninduction timeofunderthree minutes(175 sec/2:55 min), 

and a mean recovery time ofunderfive minutes(293 sec/4:53 min). The concentration 

ofclove oil required to induce anesthesia varies by species. Itis an effective anesthetic 

that is easily obtained,inexpensive,and non-toxic. 

During a24-month period,974 gilt darters,329bluebreast darters and 619 

blueside darters were re-introduced into thePigeon River attwo sites. A quantitative 
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snorkelsurvey resulted in 175 sightingsoftarget species within athree-pass sampling 

effort. The vast majority were gilt darters,afew bluebreast darters,and no blueside 

darters. Qualitative surveysindicated darter movementinan upstream direction. 

Whether this isapermanent migration ofjustthe temporary movementofexploratory 

individuals,willrequire further study. Snorkelsurveys provide an efficient,non-invasive 

sampling method to monitor re-introduced species. Accuracy and precision ofvisual 

census may vary according to riverine topography,time ofthe day or season,and the 

observers skill level. 

There is much moreto be gleaned fi-om the watersofthe Pigeon River aboutthe 

complexitiesofthis aquatic ecosystem. Greater knowledge ofdarter dynamics is needed 

to improve their chances ofsurvival when relocated. More details oftheir life histories, 

habitat,and microhabitat preferences,and those factors influencing habitat partitioning 

among darter species is required. Thisinformation will assist in the determination ofa 

minimum viable population size(MVP),which is an estimate ofthe niunber of 

individuals in a population deemed necessaryforlong-term survival. This population 

estimate will lead to a determination ofaminimum viable metapopulation size(MVM). 

MVM,similar to afish assemblage,is defined"asthe minimum numberofinteracting 

local populations necessary forthe long-term persistence ofthe metapopulation"(Hanski 

et al. 1996). This will lead to the long-term survivalofa healthy ecosystem. 
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Table Bl. List of metrics used in calculating Index of Biotic 
Integrity* 

1. Number of native species 

2. Nimnber of darter species 

3. Number of sunfish species (excluding Micropterus sp.) 

4. Number of sucker species 

5. Number of intolerant species 

6. Proportion of individuals as tolerant species 

7. Proportion of individuals as omnivores 

8. Proportion of individuals as specialized insectivorous 
minnows and darters 

9. Proportion of individuals as piscivores 

10. Catch rate (average number/unit sampling effort) 

11. Proportion of individuals as hybrids 

12. Proportion of individuals with disease, tumors, fin damage, 
and other anomalies 

*Each IS assigned a value as follows: 1-poor, 3-intermediate, 5-the 
best to be expected. The IBI for a given site is the sum of those 
values. 
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Table B2. Biotic integrity classes used in assessing fish communities 
along with general descriptions of their attributes (Karr et al. 
1986). 

Class Attributes IBI Range 

Excellent Comparable to the best situations without 58-60 

influence of man; all regionally expected 
species for the habitat and stream size, 
including the most intolerant forms, are 
present with full array of age and sex 
classes; balanced trophic structure. 

Good Species richness somewhat below expectation, 48-52 

especially due to loss of most intolerant 
forms; some species with less than optimal 
abundances or size distribution; trophic 
structure shows some signs of stress. 

Fair Signs of additional deterioration include 40-44 

fewer intolerant forms, more skewed trophic 
structure (e.g., increasing frequency of 
omnivores); older age classes of top 
predators may be rare. 

Poor Dominated by omnivores, pollution-tolerant 28-34 

forms, and habitat generalists; few top 
carnivores; growth rates and condition 
factors commonly depressed; hybrids and 
diseased fish often present. 

Very Poor Few fish present, mostly introduced or 12-22 

tolerant forms; hybrids common; disease, 
parasites, fin damage, and other anomalies 
regular. 

No fish Repetitive sampling fails to turn up any fish. 
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Table B3. Native fish species expected to occur under optimum 
environmental conditions at IBI stations on the Pigeon, and 

Little Rivers (letters^ indicate nature of occurrence). The 
following information is used to set scoring criteria for 
metrics 1-5. 

Scientific and 
Common name 

Ichthyomyzon sp. 
2 

Lamprey sp-
Lepisosteus oculatus 

Spotted gar 
Lepisosteus oseus 

Longnose gar 
Dorosoma cepedianum 

Gizzard shad 
Campostoma anomalum 
Central stoneroller 

Cyprinella qalactura 
Whitetail shiner 

Cyprinella spiloterus 
Spotfin shiner 

Erimystax insignis 
Blotched chub 

Hybopsis amblops 

Bigeye chub 
Luxilus chrysocephalus 

Striped shiner 
Luxilus coccogenis 

Warpaint shiner 
Lythrurus lirus 

Mountain shiner 
Nocomis micropogon 

River chub 
Notropis leuciodus 
Tennessee shiner 

Notropis photogenis 
Silver shiner 

Notropis rubellus 
Rosyface shiner 

Notropis spectrunculus 
Mirror shiner 

Notropis stramineus 
Sand shiner 

Notropis telescopus 

Telescope shiner 

Pigeon R. 
RM 8.0 

0 

R 

0 

0 

0 

0 

O 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

Pigeon R. Little R. 
RM 16.5 RM 20.0 

E 0 

0 0 

0 O 

0 0 

0 O 

E O 

0 

E 0 

E 0 

E 0 

0 

E 0 

0 0 

E O 

E 0 

E 

0 

E 0 
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Table B3. (Continued). 

Scientific and 

Common name 

Notropis volucellus 

Mimic shiner 

Phenacobius crassilabrum 

Fatlip minnow 
Phenacobius uranops 
Stargazing minnow 

Pimaphales viqilax 
Bullhead minnow 

Carpiodes cyprinus 
Quillback 

Hypentelium niqricans 
Northern hog sucker 

Ictiobus bubalus 

Smallmouth buffalo 

Ictiobus niger 
Black buffalo 

Moxostoma anisurxim 
Silver redhorse 

Moxostoma carinatum 

River redhorse 

Moxostoma duquesnei 
Black redhorse 

Moxostoma erythrurimi 

Golden redhorse 

Moxostoma macrolepidotum 
Shorthead redhorse 

Ictalurus natalis 

Yellow bullhead 

Ictalurus nebulosus 

Brown bullhead 

Ictalurus punctatus 

Channel catfish 

Noturus eleutherus 

Mountain madtom 

Pylodictis olivaris 
Flathead catfish 

Fundulus catenatus 

Northern studfish 

Ambloplites rupestris 
Rock bass 

Pigeon R. Pigeon R. 
RM 8.0 RM 16.5 

E 

E 

E 

O 

0 

O R 

E 

E 

O 

0 

E 

E 

R 

O 

Little R. 

RM 20.0 

O 

O 

0 

O 

0 

0 

0 

E 

O 

0 

O 

0 

0 

0 
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Table B3. (Continued). 

Scientific and 

Conraion name 

Lepomis sp. 
3 

Sunfish sp. 
Lepomis macrochirus 
Bluegill 

Micropterus dolomieui 
Smallmouth bass 

Micropterus punctulatus 
Spotted bass 

Micropterus salmoides 
Largemouth bass 

Pomoxis annularis 

White crappie 
Pomoxis niqromaculatus 
Black crappie 

Etheostoma blennioides 

Greenside darter 

Etheostoma camurum 

Bluebreast darter 

Etheostoma chlorobranchium 

Greenfin darter 

Etheostoma cinereum 

Ashy darter 
Etheostoma s. jessiae 
Blueside darter 

Etheostoma sp. 
4 

Darter sp. 
Etheostoma maculatvim 

Spotted darter 
Etheostoma rufilineatum 

Redline darter 

Etheostoma simoteriim 

Tennessee snubnose darter 

Etheostoma zonale 

Banded darter 

Percina aurantiaca 

Tangerine darter 
Percina burtoni 

Blotchside logperch 
Percina caprodes 

Logperch 

Pigeon R. 
RM 8.0 

E 

O 

0 

O 

O 

E 

E 

E 

E 

O 

O 

E 

E 

O 

Pigeon R. 
RM 16.5 

E 

0. 

O 

O 

0 

O 

E 

E 

0 

E 

E 

E 

0 

Little R. 

RM 20.0 

0 

O 

0 

O 

0 

R 

O 

0 

0 

R 

O 

E 

0 

O 

0 

0 

O 

R 

O 
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Table B3. (Continued). 

Scientific and Pigeon R. Pigeon R. Little R. 
Common name RM8.0 RM16.5 RM20.0 

Percina evides 

Gilt darter E 0 

Percina macrocephala 

Longhead darter 0 
Percina sciera 

Dusky darter R 
Percina squamata 

Olive darter E E 

Stizostedion canadense 

Sauger R 
Stizostedion vitre\im 

Walleye E G E 
Aplydinotus qrunniens 

Freshwater drum 0 0 0 

Cottus carolinae 

Banded sculpin 0 0 0 
Labidesthes sicculus 

Brook silverside R 

Species richness (number 
of E and O species) 53 47 53 

lo-species known to occur at site (used to set scoring criteria) 
E-species expected to occur but absent from sample (used to set 
scoring criteria) 
R-species occurs rarely due to factors other than environmental 

degradation (not used in setting scoring criteria) 

^American brook, Ohio, Chestnut, or Allegheny brook lamprey 
^Green sunfish, Warmouth, or Longear sunfish 
^Fantail, Stripetail, or Duskytail darter 
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AppendixC 

Annotated listofthe fishes ofthe Pigeon River System, 
North Carolina and Tennessee 
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Annotated listofthefidiesofthePigeonRiverSystem,NorthCarolinaandTamessee 

David A.Etnier 
DepartmentofEcology and Evolutionary Biology University ofTennessee,Knoxville 

and 

CharlesF.Saylor 
Tennessee Valley Authority 

Norris,Tennessee 

16June 1997(updated 13Feb. 
2001,DAE) 

Following is a list offish species knownfrom or expected to occur in the Tennessee 
portion ofAePigeon River plusthose known fi-om the North Carolina portion ofthe system. 
Pigeon River has its headwatersin North Carolina,fiowsinto Tennessee in Cocke County, 
and enters Douglas Reservoir(French Broad River Mile 73.8)in summer pool)and 17river 
miles above Douglas Reservoir(Fr.Brd.R.M.57)atlowest winter pool. Majortributaries 
(orderthree or larger)in Tennessee include Cosby,English,and Sinldng creelb. All ofthese 
enterPigeon Riverfrom the west. Additional first and second order tributaries enterthe 
system from both the eastand west. 

Inthe list,species collected from the river in Tennessee within the pastdecade are 
listed withoutcomment. Speciesknownto persistin Cosby,English,or Sinking creeks, 
portionsofthe French Broad River system above DouglasDam(notincluding Nolichucky 
River),orPigeon Riverabove the Champion Intemational paper mill effluent near Canton, 
North Carolina,are preceded with a single asterisk,and their status is briefly discussed. All 
ofthese have accessto the Tennessee portion ofPigeon River and can be expected to reinvade 
ifwater quality continues to improve. Reinvasion from above Canton may be veiy difficult, 
especially for benthic species,because ofintervening impounded water and associated flow 
design. Efforts to reintroduce these from brood stock in Pigeon Riverabove Canton should 
be considered. Species preceded withtwo asterisks are those which were likely partofthe 
historical fish fauna ofPigeon River,butfor which there are no known populations which 
could easily serve as sources to naturally recolonizePigeon River, "^ese species are dso 
discussed. The list includes56 native speciesand7introduced species known from Pigeon 
River in the last decade;30species(6 non-native)likely to appear in the system ifwater 
quality continuesto improve;and 15 speciesthat were probably formerinhabitants ofPigeon 
River,butno longer have accessto Pigeon River. The totalfauna in historicaltimes is 
estimated to be95 species ofnative fishes plus 13 introduced species. 
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Spedes 

Ichthyomyzon bdellium •Ichtl^omyzon castaneus 
(need vouchers) 
*Ichthyomyzongree/eyz—Knownfrom CosbyCreekandthe upperFrench Broadsystem 

ofTennesseeandNorth Carolina. 

*Lampetraappendix—Knovm fromCosbyCreek,and probablypresentinotherPigeonRiver 
tributaries. 

**Acipenserjulvescens—Vasteis anaccepted record fromthe 
FrenchBroad RiverinNorth Carolina,and hearsayrecordsfromthe Termessee portion 
oftheFrench Broad. Thespecies is believed extirpated fromthe entire Termessee 
River drainage,and unableto naturally colonizethePigeon River.Itis unlikelythatthe 
Pigeon Riveris largeenoughto ever havesupported morethananoccasional stray 
individual. 

Lepisosteusoculatus 
Lepisosteusosseus 
*Hiodon tergisus-knovm fromthe uH)erFrench Broad Riverin 

TermesseeandNorthCarolinaDorosomacepedianum Campostomaanomdum-
SpecimensfromtheNorth Carolinaportionof 

thesystem representthis species.Campostoma oligolepis-Hostspecimensfromthe 
Termessee portion 

ofthesystem arethis speciesorhybrids with C.anomalum.Carassiusauratus—an 
introduced species Cyprinellagalactura 
**Cyprmella monacha—formerlyoccurred in SwarmanoaRiverand Spring Creekofthe upper 

French Broadsystem ofNorth Carolina,butlikely extirpated. A healthyPigeonRiver 
would provideapotentialtransplantsite forthis Threatened species. 

Cyprinellaspiloptera 
Cyprinuscarpio—anintroduced species 
*Erirnystax insigniy-CarlHubbsmadetwo collectionsin CosbyCreekinJuneof1940,and 

bothsamplesincluded this species. Wehave notseen itsince,butit may persistin 
Cosby Creek. It also occursinthe upperFrench Broadsystem ofNorth Carolina,and 
single specimens weretaken from 1996and 1997collectionsfromFrench Broad River 
MUe78,BoyerIsland,about 1 mile abovethe mouthofPigeon Riva-. 

Hybopsisamblops 
*Luxiluschrysocephaltts—Knownfromthe French Broad Riverin 

Termessee(onerecord in Hamed,1979),fromoneofthetwoHubbscollectionsin 
CosbyCreekinJune,1940,andIfem 1 specimenfrom Sinking Creekin 1997. This 
species may persistinlowerCosby Creel^ buthasnotbeenseenthere 
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since 1940. ItisacommraispedesinsmallstreamsintheRidgeand Valley Ecoregion, 
andothersourcesforleauitmQitmayexist 

*Liocilmcoccoge«is-KnownfihomPigeonRiveraboveCanton,the 
FrenchBroadsystem aboveDouglasResavoir,andfrcanthreelocalitiesintheCosby 
CreeksystemofPigeonRiverin 1940(butnotsemthaesince). JcadanandBrayton
(1878)listed itas"5)undantineverystreamexamined"[intheTennesseeBasin],and 
twoofthesitestheyreportedonintiiatpaperwerePigeonRivaatCliflftonandFrench 
BroadRivaatNewport. 

*Macrhybopsishyostoma—D:^specieshasqjpearedinTVAIBI 
collectiaisfromFrenchBroadRivaNfile78,BoyaIsland,about1 mileabovemouthof 
PigeaiRiva,in 1993,1996,and 1997. ItseemslikelythattheIowaPigeonRivaat 
onetimecontainedapq)ulationofthisspedes,andifsoitidiouldreinvade. 

Nocomismicropogon-OcajBtsinac§acaituppaFiaichBroadRivainTennesseeandNorth 
Camlina, AsinglespecimenwasreantlyreleasedfromaCosbyCredk collection. Ihis 
spedesreappearedinIowal^eonRiva,Mile8.2,inTVA's19^and1998IBI 
samples,andinthePigeonRiva,NorthCarolina,telowCanton,in 1980(EASci.& 
Tech.). 

*Notemigonuscrysoleucxis—TiaslendcspeciesisestablishedinDouglasReservoirand hasbeen 
tdcenintheFrenchBroadRivaabout1 mileabovethe moifiiofPigeonRiva. Itis 
knownfromRivalVGles42.6and52.3inNorth Carolina,1987(E^.Althoughlhaeis 
littleinthewayofprefenedhabitatfordiisspeciesinPigecaiRivainTennessee,it 
shouldeventudlybetakenthereindeepapoolsinsmallnumbers. Itislikelyan 
introducedspeciesinthisarea. 

Notropisleuciodus-t^eninTNportionofrivaatDentmin19%,1997,and 1998.(and 
2000,GregSeegert,EA,RM?). 

Notropisphotpgrenis-reestablMiedinINportionofrivain1994,andccoisistently presentsince 
then. 

Notropisrubellus 
*Notropisrubfricrocem-¥jXiwa.fromCosbyCreekandthePigeon 

RivaaboveCanton,NorthCarolina PigeonRivaisrathalargeforthistributaryBlue 
Ridgespecies,butstraysshouldhaveoccurredthere occasionally,especiallyinwinta. 

*Notropisspectrunculus—AlthoughthisspedesisknownfromtheuppaPigeonandFrench 
Bro^riversofNorth Carolina,thaearenoTennesseerecordsfromdtha^stem,andit 
probably wasnotaresidentoftheTennesseePigeonRivafeunainhistoricaltimes. This 
istypic^yaBluetidgespecies,and,aswithNotropisrubricroceus,wmtastrays are 
expectedtohaveoccurredhist^callyintheTennessee porticaiofthe^stem. 
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**Notropisstrcmineus—BothHubbscollectionsfiomCosbyCreekinJune 1940containedthis 
species. Ithasnotbeenseensince,andislikely extirpated fiomCosbyCreek,ifsonly 
possiblesourceforreinvasionofPigemRiver,^\ilere itsuretyoccurred 

Notropistelescopiis 
*Notropisvolucellus-Ihisspeciesformertyoccurredinlower 

CosbyCreek,and persistsintiiemainchaimeloftheFrenchBroadRiverabout1 mile 
abovemouthofPigeonRiver. Thereappearstobesuitable habitatforfiiis speciesin 
PigemRiva*,and itshouldreinvade. 

PhenacobimemssiZa6n/»i-KnownfiomlowerCosbyCreek,and 
probablypersistentthere. FoundatPigeonRiva-Mile 16.5,Dental,in 1998. 

**Phenacobimttranops-YaxmnfiomtheNolichuclQ^RiverandtheFrenchBroadRiver 
system belowDouglasDam. ThisspeciesandP.crassilabnm co-occurin portionsof 
theNolichuckyandHolstonriver^stems,withP.uranopsintheRidgeandVall^areas 
andP crassil^rum moreofaBlueRidgespecies. PigeonRiver^ipearstooffer 
suitablehabitatforboth,andwefeelthatbothspeciesprobablyoccinredthere. 

**Phoxinustermesseensis-Th^eisanearlierrecordfiomtiieCosbyCreek^stem,anda 
possibilitythatitoccursinotherPigeonRivertributaries. Itisaspeciesthatwouldrarely 
befoundinarivo"thesi2BofthePigeon,evenifitcontinuestooccurintheTennessee 
portionofthePigecKiRivQ-systmL 

*Pimephcdesnotatm—A singlespecimenwastakenrecentlyfiomtheTVAIBIsite atFrench 
BroadRiverMile78,BoyerIsland,about1 ntileabovemouthofPigeonRiver. This 
speciesisfeirty widespreadintheNolichuckyportionoftheFrenchBroadsystem,butis 
otherwiseunknownfiomaboveDouglasReservoir. 

*Pmephalespromelas-Fa&ieadminnowsoccurinDouglasReservoirandmaybeestablished 
there,presumablyduetorepeatedreleasesbycrappiefishermen. Itisunlikelythattiiis 
speciesisnativetotiieFrenchBroadRiversystem aboveDouglasReservoir,butstrays 
fiomthereservoirwillprobablyeventuallyturnupin poolareasinthelowerPi^on 
Rrva. 

*Pimephalesvigilax-KnownfiomDouglasReservoirandtheFrenchBroadRiverabovethe 
reservoir. Itislikelythatit willshowupoccasionallyinthelowerPigeonRiver,butits 
preferenceisforlarger,lowergradienthabitats. 

Rhinichthysatratulm 
Rhinichthyscataractae 
*SemotilmatrcMnaculatus-KnownfiomCosbyandSinkingcreeks, 

presumablypresentin otiiertributariestoPigeonRiver,andcertaintoevaituallybe 
foundinPigeonRiver,eventhough 
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its preferred habitatsare firstandsecond(xdercreeks.CarpiodescarpioCatpiodes 
cyprims 
*Carpiodesvelifer-Althou^rare,thisspeciespersistsintheFrenchBroadandNolidiudjy 

rivCTSaboveDouglasReservoir,andwaspresumablyaformerresidentofthePigeon 
River. 

Catostomuscommersoni 

*Cycleptuselongatus-T^mraresuckerpersistsintheFrmch 
BroadRiversj^stem aboveDou^asReservoir,andthePigeonRivo"waspresumabfy 
includedinitsformerrarige. 

Hypentelium nigyicans 
Ictiobusbubcdus 

Ictiotmrdger 
Moxostormanisunan 

Moxostomabreviceps 
Moxostormcarinatum 

Moxostorm erythrttrum 
Moxostorm macrolepidotim 
Ameiumscaft/s-introducedintotheFrenchBroadRiverinNorth 

Carolina AWioughnotyetrecorded fiomtheTennesseeportionoftheFrenchBroad,itis 
likelythere. Itshowed•upatPigeonRiverMile20.3,H^ord,CockeCo.,TN,on21 June 
2000(UT48.1014),providedbyTWRA. CollectedbyEAatKverMile42.6,North 
Carolma,m 1987. 

*Ameiurusrrtelas-YoxmnfiomtheFrenchBroadRiverinNcath 
Carolina,andlikelytoeventuallybetakeninthePigeonRiver,(needvoucha-specimens) 

*Ameiurusnatafis-Surprisingly,thiswidespaead,common,and 
tolerantbuUhe^hasnotbeentakeninthePigetaiRiva.Wehaveasinglespecimenfî om 
FrenchBroadRivaMile78,about1 mileabovemoufliofPigeonRiva,1994. Itis 
likefy alreadypresentinPigeonRivainTennessee,andifnot,itwilllikelyreinvadein 
thenearfutioe. 

Ameiumsnqbulosus-WellestablishedinDouglasReservoir,thisspecieswaspresentatRiva 
Mile7.8and24.9during 1987(EA),andatR.M.82(1988)andRJVL 16.5(1989)in 
TVAsamples. Thereservoirpopulationis probablyintroduced,andtiiesespecimens 
maybestraysfiomDouglasReservoir,ormayhaveoriginatedthere,(needvoucha 
specimens) 

*Ameiunisptov^ep/ro/Ms-iritroducedintotheFrenchBroadRivainNorthCarolina,^d,like 
the whitecatfish,eventuallymaymakeitintoTennesseeandintothePigeonRiva. 
FoundinNCportionofPigeonR in 1997andpersistent(GregSe^jat,EA). 

Ictalumspunctatus 
**Noturussp.cf.el^tans-lhisextreme^rarespedeswastaken 
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inliieFrenchBroadsysteminDunnCreek(LitdePigeonRivertributary),^^ile^e itis 
presumablyextirpated,andinQiucIq^CreekintheNolichud^Riverportionofthe 
FraichBroadi^stem ItmayhaveoccurredinthePigeonRiversystem atonetime,but 
couldnotreinvadefiomanyknownpopulatioa Additionally,PigeonRivermaybetoo 
largetoserveasanythingbutadispersalroutefordiespecies. 

*Notuniseferrfifems'-Knownfiomthear^acentFrenchBroadRiver,andlikelytoreinvadePigeon 
Rivo". 

**Notunisflavus-KnownfiomtheNorthCarolinaportionsoftheNolichuckyandLitde 
Tamesseerivasystems,andfcxmerlyintheTennesseeportionofdielatter. Also 
presentintheHolstonandClinchriversystems. Itisextremelyrareintheupper 
TennesseeRiverdrainage portionofitsrange.Sinceitpersistsinadjacentriver^stems 
onbothsidesoftheFrenchBroad,andsince habitatinPigeonRiverseemssuitable,we 
consida:italikelyformerinhabitantofthePigeonRiver. Systemadcsofthisspecies, 
currendyunderstucfybyTedCavenderatOhioState University,mayresultinthe 
Tennesseedrainagepopulatitxisbeingrecognizedasadistincttaxoa Ifso,itwould 
certainty qualifyforprotectedstatus. 

PylocHctisolivaris 
**Esoxmasquinongy-ThenativepopulationthatformerlyoccurredintheFrenchBroadRiver 

fixjm TennesseeintoNorth Cfflolinaispresumablyextirpated Hamed(1979)reported 
capturingonespedmaifixjmtheFrmchBroadRivainMadisonCounty,Ncoth 
C^lina,vriiere ithasbeenintroduced Theintroduced populationisnotbelievedto 
representthenativestock. ContinuedstockingoftheseinNorthCarolinaislikelyto 
r^tinoccasionalstraysintheFrenchBroadRiverandPigeonRiverinTennessee. 

Oncorf^vidrusrrykiss-aninlrodicedspecies 
*Salmotrutta-anintroducedspecies 
*Sabelimtsfontimdis-PigomRiverinTamesseeisprobablyattoolowanelevationtohavehad 

aresidentpopulationofbrooktrout ThespeciespersistsinGSMNPtributariestoPigeon 
River,andwouldbe©q)ectedtoshowupoccasionallyinPigeonRiverduringcooler 
months. 

*Fundiduscatenatus-CoUected fiomlowerCosbyCreekon30June 1940byCarlHubbs,and 
l^TWRAon25April1998. ItshouldbeabletoreinvadePigeonRiver. 

*Gambusiaqffinis-PKsexAinDouglasReservoir,wherepresumablyintroduced Itmay 
eventuallyappearinPigeonRiver. 

*Cottusbairdii-Knownfrom CosbyCreekandfiomtheupperPigeonRiverinNorth Carolina. 
PigeotiRivermaybecoolenoughtosustainapopulationortoatleastserveasadispersal 
routeduringcoolo*months. 

Cottmcarolinae 
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Moronechrysops 
Ambloplitesn^estris 
Lepomisauritns 
Lepomiscyanellus 
Lepomisgidosus-Yjoovm fix)m Doi^lasReservoirand fix)m the French 

Broad Riverin North Carolina,and fix)m fixjmPigeon River 
MUe 11.5(1991),MUe 16.5(1993),andMile8.2(1998). 
Thisappearsto beavagile speciesthatcan persistinlow 
population densities,(need vouchers)Lepomis 

macrochirus 

*Lepomismicrolophus—PrGseatinDouglasReservoirand widely 
stockedinfeim ponds,this speciesis Ukelyto betakeninPigeon River. Itwas 
probably notanativespeciesthere. 

Microptemsdolomieu 
Micropteruspunctulatus 
Micropterussalmoides 
Pomoxisanmdaris 

Pomoxisnigromaculatus 
Etheostoma blemioides 

**Etheostomacamunm-VoxtaeAy presentinthe FrenchBroad River above Douglas 
Reservoir butapparently extirpated. It persistsintheNolichucky portion ofthe system, 
\s4iere itis hasavery narrowzoneofoverly withthe closely related and more upland 
E.chlorobranchium. SinceE camurum hasbeenfoundinFortLondonReservoirnear 
George'sCreekin winterpoolconditions,they mightbeabletoreinvadethe French 
Broad andPigeonRiver portionsofthesystem viaupperDouglasReservoir. Itwas 
likelyaformerinhabitantofthelowerPigeon River. 

*Etheostoma cMorobranchiim— known fiom the Pigeon River above Canton, North 
Carolina, and likely to reinvade the Pigeon River in Tennessee. Pigeon below 
Championoutfall,2000,GregSeegert 

^Etheostomaflabellare-Known fiomCosbyCreekandthe upperPigeonRiverin North 
Carolina,it is likely to reinvadePigeonRiver. 

Etheostomagutee///-Althoi^formerly consideredasubspeciesof 
Etheostoma blemioides,therecentoccurrenceofboth blemioidesand 
gutselliinthePigeon Riverfirmly establishesgutselliasavalid species. 

**EtheostomaJessiae—TherearenorecordsfiromthePigeon River.Itisknownfiomtwo 
recordsfiomthe French BroadRiversystem inNorth Carolina. Italso persiste below 
DouglasDam andintheNolichucky River,and waslikleyamemberofthePigeon 
Riverfauna. 

**Etheostoma kemicotti-The scenarioforthis speciesisexactlythesameasdescribedforE. 
jessiae above. 
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Etheostomarufilineatum Etheostomasimoterum Etheostoma^wawnawoa—Knowtifiom 
Cosby Creekand Sweetwater 

Branch. AtPigeonRiver Mile 16.5,Denton,in 1998(TVA). 
**Etheostoma mlmratim—liamed(1979)reported collectingonespecimenofthis speciesin 

theFrench Broad Riverabouthalfwaybetweenthe mouthofPigeon Riverand the 
North Carolina border. It maypersistinthe French Broad,butthere issomequestion 
concerningtheidentificationofthespecimen(viiich hasnotbeen located). LIT 
91.5539isafemalefiomE.Fk.PigeonR.in easternHaywood Co.,1997.Thespecies 
persistsintheNolichuckyRiver. 

Etheostomazonale-A single specimentakenatRiver Mile24.9in 1987byEA.Presentat 
Pigeon River Mile8.2in 1997(TVA).Abundantin adjacentFrench Broad River. 

*Percinaaurantiaca-PieseatinPigeonRiverabove Canton,this 
speciesshoidd find adequate habitatinPigeon River,and islikely to reinvade. Taken 
MowChampion outfallinNCin2000,̂ gSeegert,EA. 

**Percma burtoni-^Ihis rare inhabitant oflarge creeks and small rivers ofthe highest quality 
formerly occurred in the upper French Broad River system in North Caroling and 
likelyisaformermemberofthePigeonRiverfauna 

Percinacaprodes 
*Percinaevides-PieseatinFrench Broad RiverinNorth Carolina.PigeonRiverappearsto 

offersuitable habitat,andthissensitive dartercouldreinvadeprovided itcan utili2ethe 
FrenchBroadRiverasadispersalroute. 

**Percina macrocephala'-LikeP burtoni, this isan extremely 
rare speciesofhigh quality streams. Itisknown fiomtheFrench Broad system fiom 
onlytwolocalities-oneinNorth Carolinaandoneinthe LittlePigeon system in 
Tennessee.Itisprobablyextirpated fiomthesystem,butisaprobableformermember 
ofthePigeon Riverfishfauna 

**Percinasciera—FormerlyoccurredinFrench BroadRiverinNorfliCarolina,but 
believedto be extirpated. 

*Percinashiimca'di--Knovnifiomthe adjacentFrench Broad River,and verylikelyto be 
found inlowerPigeon River,especially during late winter and early spring 
spawning movements. 

*Percimsqttamata-'RasQ in the adjacentFrenchBroad RiverandinPigeonRiverabove 
Canton,North Carolina,thisspeciesshould eventuallyreinvadePigeonRiverin 
Tennessee. Takenin2000inNCbelow Championoutfall,GregSeegert 

Sandercanadense 

Sander vitreus 

Aplodinotusgrunniens 
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AppendixD 

Laboratory Tag Retention Data 
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Redline Darter 

Tagging Date: 10/30/01 

Location: 

VIE Color: 

Conservation Fisheries,Inc 

Green 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Length 

51 

56 

57 

55 

58 

58 

39 

47 

58 

60 

50 

47 

54 

53 

50 

55 

52 

56 

49 

49 

43 

48 ^ 

50 

48 

62 

Sex 

F 

F 

M 

F 

F 

F 

F 

F 

M 

M 

M 

F 

F 

F 

F 

M 

M 

M 

F 

F 

F 

M 

M 

M 

M 

26 

27 

28 

29 

30 

Length 

49 

41 

52 

44 

57 

Sex 

M 

M 

F 

F 

M 

Length Sex 

MS-222Knockdown Time Trials 

Trial Time Temp 

1 

2 

3 

4 

35 

30 

3.0 

35 

55°F/127°C 

56°F/133°C 

56°F/13 3°C 
56°F/133°G 
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Redline Darter 

Tagging Date: 10/30/01 

Location: 

VIE Color: 

Conservation Fisheries, Inc 

Red 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

52 

46 

52 

45 

60 

45 

51 

55 

45 

46 

46 

53 

42 

44 

41 

38 

40 

39 

48 

60 

48 

45 

47 

47 

62 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

26 

27 

28 

29 

30 

Length 

50 

50 

48 

50 

46 

Sex 

F 

F 

M 

M 

M 

Length Sex 

MS-222 Knockdown Time Trials 

Time Temp 

1 

2 

3 

33 

3.2 

30 

56°F/13 3''C 

56°F/133°C 
56°F/133°C 
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Redline Darter 

Tagging Date: 10/30/01 

Location: 

ViE Coior: 

Conservation Fisheries, Inc 

Yellow 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Length 

47 

83 

48 

54 

60 

57 

45 

38 

36 

40 

38 

49 

55 

58 

65 

46 

46 

53 

50 

42 

40 

53 

39 

49 

45 

Sex 

F 

M 

M 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

M 

26 

27 

28 

29 

30 

Length 

47 

45 

41 

46 

52 

Sex 

F 

M 

M 

F 

M 

Length Sex 

iMS-222 Knockdown Time Trials 

Trial Time Temp 

1 

2 

3 

30 

35 

32 

54*^/122°C 

54°F/122°G 
55°F/127®C 
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AppendixE 

Anesthesia Study Data 
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Date: 2/07/02 End Time: 1150 

CLOVE OIL 

PRELIMINARY TRIALS 

Gm Ylw None Red 

40mg/L 60mg/L 80mg/L lOOmg/L 

Ind Rec Ind Rec Ind Rec Ind Rec 

1 333 201 249 348 1 53 453 1 41 655 

2 333 201 210 259 1 21 249 1 07 634 

3 312 1 22 236 402 1 53 737 1 24 331 

Mean: 326 1 74 232 336 1 42 520 1 24 540 

WaterTemp: 10°C 10°C 10°C 10°C 
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Date: 2/07/02 StartTime: 1315 

End Time: 1900 

CLOVE OIL TRIALS 

Red Gm Yiw 

30 mg 40 mg 50mg 

ind Rec ind Rec ind Rec 

1 249 403 219 836 1 35 655 

2 439 5.42 225 620 200 546 

3 241 429 300 442 215 751 

4 306 323 320 402 251 711 

5 228 215 257 523 209 400 

6 402 612 257 523 227 552 

7 333 707 209 350 228 449 

8 258 315 228 439 236 630 

9 405 510 *210 258 1 49 700 

10 255 203 *245 730 209 412 

11 513 455 1 53 353 216 625 

12 345 630 240 311 1 57 411 

13 300 409 255 401 246 637 

14 231 2.25 307 411 258 725 

15 236 208 323 333 1 46 447 

16 306 326 351 453 244 602 

17 1.58 204 323 430 237 742 

18 301 410 412 626 234 627 

19 335 1 55 309 455 234 646 

20 400 329 325 450 234 653 

WaterTemp: 105°C 11 1°C 11 1°C 

NOTE gasping behavior 

Timer malfunction One minute added to time to accountfor 

estimated time loss 
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AppendixF 

Snorkel Survey Data 
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Pigeon River Snorkel Survey:Tannery Island 
Darter Count 

Date: 7/26/02 

Replicate: #1 #2 #3 

Darter Darter Darter 

Transect Tag G BB BS G BB BS G BB BS 

1 R 0 0 1 

G 0 0 0 

Y 0 1 1 0 

0 0 7 5 

NV 1 0 2 

NT 0 0 0 

2 R 2 6 2 

G 2 4 0 

Y 0 0 1 

0 4 10 11 

NV 2 5 1 

NT 0 0 0 

3 R 0 2 1 

G 0 3 2 

Y 2 0 1 

0 2 9 7 

NV 3 3 4 

NT 0 0 0 

4 R 0 0 0 

G 0 2 1 

Y 0 1 0 1 1 

0 7 3 2 

NV 11 2 1 

NT 0 0 0 

5 R 0 3 2 

G 2 1 5 

Y 0 1 1 

0 3 1 7 

NV 0 4 5 

NT 0 0 1 

Total 41 1 0 67 2 0 64 0 0 

NOTE: Phenacobius - 1 R =Red O = Grange 
G = Green NV =Tag not visible 
Y =Yellow NT = Notag 

121 



Pigeon River Snorkel Survey:Tannery Island 
Flow Data 

Date: 7/26/02 

Rep 1 ReP2 Rep3 
Sightings Fiow(m/s) Depth(cm) Flow(m/s) Depth(cm) Fiow(m/s) Depth(cm) 

1 072 51 036 33 066 42 

2 069 39 059 44 084 31 

3 1 06 36 051 44 1 10 36 

4 065 45 052 41 081 38 

5 1 12 39 054 45 061 42 

6 1 07 37 065 43 047 43 

7 076 41 046 46 070 36 

8 1 03 37 049 41 076 40 

9 079 43 053 42 077 37 

10 069 37 058 42 074 39 

11 083 39 060 46 088 38 

12 077 41 057 44 064 42 

13 064 43 068 44 067 43 

14 052 44 042 43 067 42 

15 075 49 066 42 064 44 

16 079 42 053 42 074 42 

17 078 42 065 44 064 44 

18 060 43 043 38 050 46 

19 077 43 085 30 071 42 

20 058 43 057 34 060 41 

21 048 43 080 40 055 42 

22 038 37 097 30 062 37 

23 1 01 36 043 40 

24 078 39 

25 068 42 

26 094 38 

27 052 35 

= Bluebreastdarter 
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Pigeon River Survey#2 
Date: 8/13/02 

GPS Location: N35''56'41.1",W83°1071.1"(riffle upstream of reiease site) 

Sightings Veiocity(m/s) 

1 049 

2 049 

3 058 

4 046 

5 037 

6 054 

7 070 

8 051 

9 050 

10 062 

11 062 

12 050 

13 069 

14 068 

15 070 

16 096 

= Bluebreast darter 

Depth(cm) 

35 

40 

35 

35 

33 

36 

38 

38 

48 

49 

48 

62 

55 

70 

58 

50 

Tag Giits Bluebreast 

Red 5 

Green 1 

Yeiiow 0 1 

Orange '16 

NV 3 

NT 2 
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Appendix G 

Field Collection Data 
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Blueside Darter 

Collection Date. 03/14/01 

Collection Site Confluence ofWestProng and Little Pigeon River 

Tagging Date- 3/14/01 

Release Site: Pigeon River,Tannery Island 

Release Date. 3/14/01 

VIE. Red 

Length Sex Length Sex Length Sex Length Sex 

1 58 F 26 55 F 51 64 F 76 49 F 

2 61 M 27 68 F 52 57 M 77 56 F 

3 52 F 28 55 M 53 55 M 78 50 F 

4 58 F 29 61 M 54 50 F 79 54 F 

5 52 F 30 75 M 55 77 M 80 53 F 

6 49 F 31 61 M 56 73 M 81 47 F 

7 63 M 32 64 F 57 64 F 82 52 F 

8 51 F 33 75 M 58 59 F 83 53 F 

9 64 F 34 56 F 59 58 M 84 51 F 

10 53 M 35 53 F 60 51 F 85 61 

11 70 M 36 58 M 61 73 M 86 51 F 

12 74 F 37 58 F 62 61 M 87 54 F 

13 75 M 38 65 M 63 59 M 88 51 F 

14 64 F 39 49 F 64 52 M 89 54 F 

15 56 M 40 58 M 65 45 F 90 64 

16 55 M 41 73 F 66 55 M 91 54 F 

17 61 F 42 51 F 67 54 M 92 52 F 

18 61 M 43 52 F 68 56 M 93 46 F 

19 71 M 44 59 M 69 56 M 94 50 F 

20 76 M 45 51 M 70 71 M 95 59 

21 63 F 46 50 F 71 57 M 96 49 F 

22 55 F 47 54 M 72 70 F 97 52 F 

23 59 M 48 52 F 73 52 F 98 69 F 

24 58 M 49 66 F 74 61 M 99 51 F 

25 76 M SO 52 F 75 52 F 100 52 F 

Location Time Temo BtL DO Mortalitv 

Little Pigeon 0945 10 0°C 57 2 (before tagging) 

0950 99°C 58 

Confluence 1025 10 I'C 76 

Tannery Island 1715 99°C 78 
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Blueside Darter 

Collection Date 03/14/01 

Collection Site Confluence ofWestProng and Little Pigeon River 

Tagging Date: 3/14/01 

Release Site* Pigeon River,Tannery Island 

Release Date. 3/14/01 

VIE. Red 

Length Sex Length Sex Length Sex Length Sex 

101 47 F 

102 61 F 

103 57 F 

104 58 

105 52 F 

106 68 

107 48 

108 50 F 

109 40 F 

110 50 F 

111 52 F 

112 54 F 

113 57 

114 51 F 

115 56 

116 55 F 

117 61 

118 49 F 

119 52 F 

120 51 F 

121 54 F 

122 52 F 

123 63 F 

124 45 F 

125 52 F 

126 50 F 

127 55 F 

128 71 M 
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Gilt Darter 

Collection Date 05/23/01 

Collection Site Confluence ofWestProng and Little Pigeon River 

Tagging Date 05/23/01 

Release Site. Pigeon River,Tannery Island 
Release Date 05/23/01 

VIE. Red 

Length Sex Length Sex Length Sex Length Sex 

1 56 F 26 58 F 51 53 F 76 55 F 

2 53 F 27 58 F 52 58 M 77 64 F 

3 55 28 58 53 49 F 78 49 F 

4 55 F 29 57 F 54 55 F 79 63 M 

5 60 30 68 55 51 F 80 68 M 

6 68 31 52 F 56 56 F 81 67 F 

7 54 F 32 65 57 56 F 82 66 F 

8 52 F 33 54 F 58 52 F 83 58 M 

9 71 34 59 59 57 F 84 63 M 

10 63 F 35 52 F 60 55 F 85 60 M 

11 60 36 52 F 61 50 F 86 62 M 

12 62 37 57 62 67 M 87 62 F 

13 52 F 38 54 F 63 55 F 88 52 F 

14 53 F 39 56 64 59 M 89 55 F 

15 54 F 40 69 65 55 M 90 56 F 

16 59 41 52 F 66 65 M 91 40 F 

17 45 F 42 57 67 66 F 92 44 F 

18 62 F 43 44 F 68 58 F 93 46 F 

19 64 44 52 F 69 46 F 94 68 F 

20 61 F 45 50 F 70 47 F 95 58 F 

21 58 F 46 67 71 45 F 96 64 F 

22 61 47 52 F 72 57 F 97 60 

23 60 48 60 73 47 F 98 54 F 

24 42 F 49 46 F 74 70 M 99 59 F 

25 67 F 50 48 F 75 59 M 100 66 M 

Location Time Temo eH DO Mortalitv 

Little Pigeon 1435 184°C 0 

Bag 1435 200°C 

Pigeon River 1630 190°C 
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Gilt Darter 

Collection Date 05/23/01 

Collection Site Confluence ofWestProng and Little Pigeon River 

Tagging Date. 05/23/01 

Release Site Pigeon River,Tannery Island 

Release Date: 05/23/01 

VIE: Red 

Length Sex Length Sex Length Sex Length Sex 

101 55 F 

102 54 F 

103 63 

104 65 

105 51 F 

106 54 F 

107 54 F 

108 50 F 

109 55 F 

110 60 

111 51 F 

112 53 F 

113 70 

114 50 F 

115 62 F 

116 61 F 

117 64 

118 51 F 

119 61 F 

120 65 M 

130 



Blueside Darter 

Collection Date: 05/23/01 

Collection Site: Confluence ofWestProng and Little Pigeon River 

Tagging Date: 05/23/01 
Release Site. Pigeon River,Tannery Island 

Release Date* 05/23/01 

VIE: Red 

Length Sex Length Sex Length Sex Length Sex 

1 60 F 

DO MortalitvLocation Time Temp bh 

0 
" —Little Pigeon 1435 184°C 

Bag 1435 200°C 

Pigeon River 1630 190°C 
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Gilt Darter 

Collection Date- 10/02/01 

Collection Site Confluence of WestProng and Little Pigeon River 

Tagging Date- 10/02/01 

Release Site Pigeon River,Tannery Island 

Release Date. 10/02/01 

VIE. Green 

Length Sex Length Sex Length Sex Length Sex 

1 68 M 26 64 F 51 50 F 76 55 F 

2 72 M 27 55 F 52 54 F 77 58 M 

3 54 F 28 63 M S3 55 F 78 65 M 

4 49 F 29 63 M 54 57 F 79 55 M 

5 61 F 30 54 F 55 53 F 80 63 M 

6 73 M 31 64 M 56 54 F 81 46 F 

7 62 F 32 68 M 57 60 M 82 54 M 

8 55 F 33 57 M 58 52 F 83 68 M 

9 62 F 34 52 F 59 52 F 84 53 F 

10 52 F 35 45 M 60 63 M 85 70 M 

11 53 F 36 54 F 61 72 M 86 60 M 

12 51 F 37 53 F 62 55 F 87 66 M 

13 59 F 38 54 F 63 55 F 88 61 M 

14 73 M 39 58 M 64 61 M 89 58 M 

15 62 M 40 65 M 65 71 M 90 60 M 

16 56 F 41 52 F 66 60 M 91 55 F 

17 59 M 42 55 M 67 52 F 92 51 F 

18 42 F 43 54 F 68 54 M 93 64 F 

19 54 M 44 71 M 69 51 F 94 73 M 

20 54 F 45 55 F 70 63 M 95 71 M 

21 79 M 46 63 M 71 60 M 96 60 F 

22 50 F 47 58 M 72 63 M 97 75 M 

23 60 M 48 49 F 73 64 M 98 60 F 

24 54 F 49 65 F 74 57 M 99 62 F 

25 52 F 50 73 M 75 64 M 100 55 F 

Location Time Temp £H DO Mortalltv 

WestProng 1000 149°C 72 955 3 

Little Pigeon 1020 140°C 73 1020 

Holding Tank 1330 127°C 
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Gilt Darter 

Collection Date: 10/02/01 

Collection Site: Confluence ofWestProng and Little Pigeon River 

Tagging Date: 10/02/01 
Release Site: Pigeon River,Tannery Island 
Release Date. 10/02/01 

VIE: Green 

Length Sex Length Sex Length Sex Length Sex 

101 71 M 126 53 F 

102 50 F 127 53 F 

103 47 F 128 64 M 

104 54 F 129 48 F 

105 64 130 67 M 

106 51 F 131 42 F 

107 55 F 132 73 M 

108 71 133 51 F 

109 49 F 134 65 M 

110 51 F 135 56 F 

111 73 

112 50 F 

113 86 

114 58 

115 67 F 

116 51 F 

117 70 

118 48 F 

119 59 

120 66 

121 55 F 

122 55 

123 55 F 

124 61 

125 65 F 
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Blueside Darter 

Collection Date 10/02/01 

Collection Site Confluence of WestProng and Little Pigeon River 

Tagging Date. 10/02/01 

Release Site Pigeon River,Tannery island 

Release Date- 10/02/01 

VIE Green 

Length Sex Length Sex Length Sex Length Sex 

1 69 F 

2 49 F 

3 56 M 

4 75 M 

Location Tune Temp DO Mortalitv 

WestProng 1000 149°C 72 955 0 

Little Pigeon 1020 lAO'C 73 1020 

Holding Tank 1330 127°C 
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Bluebreast Darter 

Collection Date 10/09/01 

Collection Site: Bewley's Island RM-28 Nollchucky 

Tagging Date 10/09/01 

Release Site: Pigeon River,Tannery Island 
Release Date. 10/09/01 

VIE Yellow 

Length Sex Length Sex Length Sex Length Sex 

1 56 M 26 65 M 51 65 M 76 62 M 

2 49 M 27 51 F 52 63 M 77 49 M 

3 48 M 28 53 F 53 65 M 78 48 M 

4 51 M 29 52 M 54 50 F 79 42 F 

5 61 M 30 46 M 55 64 M 80 72 M 

6 58 F 31 70 M 56 69 M 81 61 F 

7 74 M 32 65 M 57 69 F 82 62 M 

8 62 F 33 53 F 58 67 M 83 62 M 

9 64 M 34 63 F 59 55 M 84 55 F 

10 50 F 35 69 M 60 51 F 85 71 M 

11 54 F 36 53 F 61 62 F 86 60 M 

12 74 M 37 55 F 62 74 M 87 61 M 

13 51 M 38 54 F 63 56 M 88 67 M 

14 64 M 39 47 F 64 59 F 89 70 M 

15 71 M 40 52 M 65 63 F 90 53 M 

16 48 F 41 49 M 66 53 F 91 59 M 

17 69 M 42 61 F 67 47 M 92 54 M 

18 61 F 43 51 F 68 56 M 93 74 M 

19 60 F 44 46 M 69 68 M 94 65 M 

20 60 F 45 60 M 70 53 M 95 62 F 

21 58 F 46 58 F 71 62 M 96 71 M 

22 60 F 47 55 M 72 62 M 97 66 M 

23 64 M 48 53 M 73 45 F 98 56 M 

24 70 M 49 66 M 74 70 M 99 38 F 

25 64 M 50 61 M 75 67 M 100 47 M 

Location Time Temp EH DO Mortality 

Nolichucky 1020 14 9°C 7 1030 1 (before tagging) 

NOTE First51 were collected by electroshocking,remainder were seined 
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Bluebreast Darter 

Collection Date: 10/09/01 

Collection Stte* Bewley'sIsland RM-28 Nollchucky 

Tagging Date- 10/09/01 

Release Site: Pigeon River,Tannery Island 

Release Date- 10/09/01 

VIE: Yellow 

Length Sex Length Sex Length Sex Length Sex 

101 62 F 

102 66 M 

103 68 M 

104 59 M 

105 50 F 

106 71 M 

107 54 F 

108 65 M 

109 54 F 

110 66 M 

111 61 M 

112 59 F 

113 71 M 

114 67 M 

115 61 F 

116 53 F 

117 63 M 

118 65 M 

119 70 M 

120 61 F 

121 60 F 
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Gilt Darter 

Collection Date. 10/09/01 

Collection Site* Bewley's Island RM-28 Nollchucky 
Tagging Date 10/09/01 

Release Date- 10/09/01 

VIE Yellow 

Release Site. Pigeon River,Tannery Island 

Length Sex Length Sex Length Sex Length Sex 

1 73 F 26 79 M 51 76 

2 77 M 27 62 M 52 77 

3 82 M 28 81 M 53 78 

4 81 M 29 78 M 54 79 

5 65 M 30 77 M 55 80 

6 65 F 31 71 F 56 81 

7 70 M 32 83 M 57 82 

8 70 M 33 82 M 56 83 

9 76 M 34 76 M 59 84 

10 67 M 35 61 F 60 85 

11 70 M 36 72 F 61 86 

12 65 M 37 65 F 62 87 

13 66 F 38 69 F 63 88 

89 

IS 71 M 40 73 F 65 90 

14 52 F 39 61 F 64 

16 82 M 41 70 F 66 91 

17 80 M 42 67 92 

18 59 M 43 68 93 

19 83 M 44 69 94 

20 78 M 45 70 95 

21 75 F 46 71 96 

22 72 F 47 72 97 

98 

24 66 F 49 74 99 

23 72 F 48 73 

25 64 M 50 75 100 

DO MortalityLocation Time Temp fiH 

Nollchucky 1020 149°C 74 1030 1 Qumped out of cooler 
before tagging) 

NOTE Firstfive were seined,remainder were collected by electroshocking 
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Bluebreast Darter 

Collection Date- 11/06/01 

Collection Site- Bewley's Island RM-2S Nollchucky 

Tagging Date: 11/06/01 and 11/07/01 

Release Site: Pigeon River,Tannery Island 

Release Date- 11/06/01 and 11/08/01 

VIE: Yellow 

Length Sex Length Sex Length Sex Length Sex 

1 66 M 26 81 M 51 46 F 76 55 F 

2 71 M 27 49 M 52 64 M 77 78 M 

3 61 M 28 51 F 53 50 M 78 79 M 

4 54 F 29 60 F 54 53 M 79 48 F 

5 64 M 30 54 F 55 47 F 80 45 F 

6 59 M 31 55 F 56 50 F 81 58 F 

7 50 F 32 56 M 57 51 M 82 53 F 

8 54 F 33 56 M 58 49 IVI 83 49 F 

9 56 F 34 52 M 59 45 M 84 56 M 

10 62 M 35 48 F 60 65 ll/i 85 67 M 

11 51 M 36 65 M 61 53 F 86 72 M 

12 68 F 37 61 M 62 51 F 87 50 M 

13 54 M 38 49 M 63 49 F 88 71 M 

14 60 F 39 47 M 64 52 F 89 71 M 

15 56 F 40 63 M 65 65 F 90 67 M 

16 51 F 41 61 F 66 62 M 91 55 M 

17 59 F 42 65 F 67 58 M 92 56 F 

18 54 F 43 53 F 68 48 F 93 49 F 

19 62 M 44 47 F 69 53 F 94 59 F 

20 49 M 45 48 F 70 65 M 95 61 M 

21 61 M 46 60 M 71 64 M 96 63 M 

22 72 M 47 58 M 72 66 M 97 57 M 

23 71 M 48 53 F 73 58 M 98 56 M 

24 55 F 49 52 F 74 68 M 99 62 M 

25 60 F 50 57 M 75 49 F 100 70 M 

Location Time Temp fiH DO Mortalltv 

Nolichucky 1020 11 8°C 8 1390 2 (seining injunes) 
1530 137°C 1050 

JARTU 1800 11 0°C 
11/7/2001 1600 120°C NOTE Used 125mb/L due to coldertemperatures in the 
11/8/2001 1130 135°C field on 11/06 

1530 135°C 
Pigeon River 1730 11 0°C NOTE Approximately halfofthe fish were tagged in the 

field and released 11/06 
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Bluebreast Darter 

Collection Date 11/06/01 

Collection Site. Bewley's Island RM-28 Nollchucky 

Tagging Date 11/06/01 and 11/07/01 

Release Site. Pigeon River,Tannery Island 

Release Date 11/06/01 and 11/08/01 

VIE- Yellow 

Length Sex Length Sex Length Sex Length Sex 

101 59 F 

102 60 F 

103 54 F 

104 55 F 

105 75 M 

106 57 M 

107 57 F 

108 55 F 

109 51 M 

110 75 M 

111 54 M 

112 65 M 

113 59 F 

114 65 F 

115 67 F 

116 47 F 

117 57 F 

118 52 F 

119 61 M 

120 S3 F 

121 58 M 

122 60 F 
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Gilt Darter 

Collection Date 

Collection Site 

Tagging Date' 

Release Site* 

Release Date: 

VIE-

11/06/01 

Bewley's Island RM-28 Nollchucky 

11/06/01 and 11/07/01 

Pigeon River,Tannery Island 

11/08/01 

Yellow 

Length Sex Length Sex Length Sex Length Sex 

1 68 F 26 82 M 51 79 M 76 

2 67 F 27 65 M 52 SO F 77 

3 60 F 28 82 M 53 78 

4 72 M 29 68 F 54 79 

6 55 F 30 62 F 55 80 

6 66 M 31 78 M 56 81 

7 75 M 32 83 M 57 82 

8 75 M 33 64 M 58 83 

9 85 M 34 74 M 59 84 

10 67 M 35 57 F 60 85 

11 70 M 36 69 M 61 86 

12 75 M 37 80 M 62 87 

13 73 M 38 71 M 63 88 

14 78 M 39 79 M 64 89 

15 54 F 40 66 F 65 90 

16 68 F 41 64 F 66 91 

17 84 M 42 70 F 67 92 

18 80 M 43 71 F 68 93 

19 68 M 44 80 M 69 94 

20 56 F 45 70 F 70 95 

21 67 M 46 68 M 71 96 

22 70 M 47 63 M 72 97 

23 80 U 48 72 F 73 98 

24 55 F 49 75 M 74 99 

26 67 U 50 63 M 75 100 

Location Time Temp BH DO Mortalltv 

Nollchucky 1020 11 6°C 8 1390 0 

1530 13 7°C 10 50 

JARTU 1800 11 0°C 

11/07/01 1600 120°C 

11/08/01 1130 135°C 

1530 135°0 

Pigeon River 1730 11 0°C 
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Biueside Darter 

Collection Date 11/06/01 

Collection Site Bewley's Island RM-28 Nollchucky 

Tagging Date: 11/06/01 and 11/07/01 
Release Site Pigeon River,Tannery Island 

Release Date 11/08/01 

VIE Yellow 

Length Sex Length Sex Length Sex Length Sex 

1 52 M 

2 56 M 

3 63 M 

4 56 M 

5 57 M 

6 45 M 

MortalitvLocation Time Temo bh DO 

Nollchucky 1020 11 6°C 8 1390 0 

1530 137°C 10 50 

JARTU 1600 11 0°C 

11/07/01 1600 120°C 

11/06/01 1130 135°C 

1530 135°C 

Pigeon River 1730 11 O^C 
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Blueside Darter 

Collection Date; 2/08/02 

Collection Site* Confluence ofWestProng and Little Pigeon River 

Tagging Date 2/11/02 

Release Site Pigeon River, Newport,200ni below Hwy 321 Bridge 

Release Date 2/14/02 

VIE Orange 

Length Sex Length Sex Length Sex Length Sex 

1 45 M 26 53 F 51 54 M 76 58 M 

2 52 F 27 79 M 52 60 F 77 50 M 

3 50 F 28 66 F 53 58 M 78 53 F 

4 52 M 29 61 M 54 60 M 79 50 F 

5 59 M 30 68 F 55 59 M 80 62 M 

6 67 M 31 54 M 56 55 M 81 64 M 

7 69 F 32 61 M 57 54 F 82 52 M 

8 49 F 33 73 M 58 54 M 83 50 F 

9 51 F 34 56 M 59 46 F 84 70 F 

10 49 F 35 60 M 60 58 M 85 50 F 

11 50 F 36 53 F 61 63 M 86 63 M 

12 51 F 37 63 M 62 57 F 87 62 M 

13 46 F 38 53 F 63 63 F 88 48 F 

14 59 M 39 69 M 64 56 M 89 73 F 

15 60 M 40 51 F 65 55 M 90 77 M 

16 51 F 41 57 M 66 44 F 91 65 M 

17 45 F 42 59 M 67 53 M 92 60 M 

18 58 M 43 60 M 68 59 M 93 53 M 

19 54 M 44 69 F 69 62 M 94 55 M 

20 57 M 45 60 M 70 59 F 95 60 M 

21 60 M 46 60 M 71 55 M 96 61 M 

22 47 F 47 59 M 72 51 F 97 61 F 

23 53 F 48 53 F 73 53 M 98 61 M 

24 57 M 49 72 M 74 63 M 99 59 M 

25 56 M 50 48 F 75 63 M 100 49 F 

Location Time Temp BH DO Mortalitv 

Little Pigeon 1000 7 0''C 

JARTU(2/11) 1320 15 0°C 1 (M) 
Pigeon River 1130 68®C 
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Blueside Darter 

Collection Date: 

Collection Site: 

Tagging Date. 

Reiease Site. 

Release Date: 

VIE: 

2/08/02 

Confluence ofWestProng and LitUe Pigeon River 

2/11/02 

Pigeon River,Newport,200m tielow Hwy321 Bridge 

2/14/02 

Orange 

Length Sex Length Sex Length Sex Length Sex 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

52 

48 

59 

55 

74 

54 

54 

62 

58 

50 

51 

61 

54 

54 

F 

F 

F 

F 

F 

F 

F 

F 
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Gilt Darter 

Collection Date 2/08/02 

Collection Site- Confluence of WestProng and Little Pigeon River 
Tagging Date. 2/12/02 

Release Site: Pigeon River,Tannery Island 

Release Date 2/14/02 

VIE: Orange 

Length Sex Length Sex Length Sex Length Sex 

1 60 F 26 78 M 51 47 F 

2 67 F 27 48 F 52 46 F 

3 74 M 28 46 M 

4 57 F 29 60 M 

5 68 M 30 50 F 

6 51 F 31 61 M 

7 45 F 32 47 F 

8 51 F 33 63 F 

9 50 F 34 52 M 

10 56 F 35 53 F 

11 63 M 36 66 F 

12 69 M 37 51 F 

13 48 F 38 47 F 

14 56 M 39 61 M 

15 55 F 40 55 M 

16 71 F 41 53 M 

17 66 M 42 53 F 

18 53 M 43 53 F 

19 46 F 44 57 M 

20 68 F 45 51 M 

21 47 F 46 63 F 

22 52 M 47 55 M 

23 54 M 48 67 M 

24 46 M 49 44 M 

25 48 M 50 55 M 

Location Time Temp £H DO Mortalitv 

Little Pigeon 1000 70°C 

JARTU(2/12) 1215 150°C 1 (F) 
Pigeon River 1100 60°C 
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stargazing Minnow 

Collection Date 

Collection Site 

Tagging Date. 

Release Site 
Release Date 

VIE 

2/08/02 

Confluence of WestProng and Little Pigeon River 

2/12/02 

Pigeon River,Newport,200ni below Hwy 321 Bridge 
2/14/02 

Orange 

Length Sex Length Sex Length Sex Length Sex 

1 

2 

3 

4 

S 

6 

7 

8 

79 

74 

70 

80 

84 

73 

81 

86 

Location Time Temo fiH DO Mortalltv 

Little Pigeon 1000 70°C — — 3(before tagging) 

JARTU (2/12) 1840 14 4°C 4(after tagging) 

Pigeon River 1100 60°C 
Total 
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Blueside Darter 

Collection Date 2/15/02 

Collection Site Confluence ofWestProng and Little Pigeon River 
Tagging Date: 2/18/02 

Release Site Pigeon River, Newport,200ni below Hwy 321 Bridge 
Release Date 2/19/02 

VIE: Orange 

Lengtli Sex Lengtli Sex Lengtli Sex Length Sex 

1 60 M 26 55 M 51 70 F 76 53 M 

2 49 F 27 56 M 52 50 F 77 51 F 

3 52 F 28 53 F 53 67 F 78 64 F 

4 56 F 29 53 F 54 48 F 79 60 M 

5 76 M 30 56 M 55 50 F 80 68 F 

6 52 M 31 49 F 56 71 M 81 52 F 

7 46 F 32 64 M 57 53 F 82 76 M 

8 55 M 33 70 M 58 60 M 83 52 M 

9 63 F 34 60 F 59 49 F 84 58 M 

10 57 M 35 56 M 60 52 F 85 56 M 

11 50 F 36 55 M 61 56 M 86 50 F 

12 63 M 37 60 M 62 58 M 87 64 M 

13 54 F 38 69 F 63 71 F 88 51 F 

14 67 F 39 63 M 64 59 M 89 52 F 

IS 56 F 40 60 M 65 69 M 90 53 M 

16 58 M 41 56 U 66 55 F 91 55 F 

17 61 M 42 50 F 67 64 F 92 55 M 

18 59 M 43 55 M 68 62 M 93 63 M 

19 78 M 44 57 F 69 57 M 94 51 F 

20 50 F 45 60 M 70 58 M 95 50 M 

21 52 F 46 75 F 71 70 F 96 54 M 

22 62 U 47 60 M 72 51 F 97 50 F 

23 46 F 48 57 F 73 60 M 98 53 M 

24 49 F 49 56 M 74 53 F 99 55 F 

26 53 F 50 61 M 75 45 F 100 52 F 

Location Time Temp eh DO Mortalltv 

Little Pigeon 1000 64°C 2(M) 
Little Pigeon 1230 72°C 
Transport Bag 1450 11 3°C 

JARTU (2/15) 1530 14 2°C 
JARTU (2/18) 1245 15 0°C 

JARTU (2/19) 0930 15 2°C 
Pigeon (2/19) 1235 72°C 
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Blueside Darter 

Collection Date-

Collection Site 

Tagging Date-

Release Site 

Release Date 

VIE. 

2/15/02 

Confluence ofWestProng and Little Pigeon River 

2/18/02 

Pigeon River, Newport,200m below Hwy321 Bridge 
2/19/02 

Orange 

Lengtti Sex Length Sex Length Sex Length Sex 

101 

102 

103 

104 

105 

106 

107 

108 

109 

61 

68 

48 

56 

49 

60 

45 

57 

58 

M 

M 

F 

M 

F 

M 

F 

M 

M 
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Gilt Darter 

Collection Date 2/15/02 

Collection Site. Confluence ofWestProng and Little Pigeon River 

Tagging Date. 2/18/02 

Release Site Pigeon River,Tannery Island 

Release Date- 2/19/02 

VIE- Orange 

Length Sex Length Sex Length Sex Length Sex 

1 74 M 26 55 F 

2 59 M 27 48 F 

3 63 F 28 50 F 

4 57 F 29 63 M 

5 46 F 30 51 M 

6 66 M 31 49 M 

7 51 F 32 62 F 

8 74 M 33 49 F 

9 47 F 34 52 U 

10 56 F 35 63 M 

11 63 F 36 55 F 

12 54 M 37 54 F 

13 49 F 38 46 F 

14 65 M 39 53 F 

15 62 M 40 45 F 

16 68 M 41 53 F 

17 66 F 

18 61 F 

19 63 M 

20 47 F 

21 63 M 

22 55 F 

23 72 M 

24 48 F 

25 64 U 

Location Temp £H DO Mortalltv 

Little Pigeon 1000 64°C 6(F) 2/19 

Little Pigeon 1230 72°C 

Transport Bag 1450 11 3°C 

JARTU (2/15) 1530 14 2°C 

JARTU (2/18) 1615 15 0°C 

JARTU (2/19) 0930 15 2°C 

Pigeon (2/19) 1100 70°C 
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Blueside Darter 

Collection Date 3/15/02 

Collection Site: Confluence ofWestProng and Little Pigeon River 

Tagging Date: 3/15/02 
Release Site: Pigeon River,Newport,200ni below Hwy 321 Bridge 
Release Date: 3/15/02 

VIE. Orange 

Length Sex Length Sex Length Sex Length Sex 

1 55 F 28 57 M 51 53 F 76 62 M 

2 55 F 27 58 F 52 56 M 77 60 M 

3 52 F 28 53 M 53 58 M 78 61 M 

4 57 29 58 M 54 54 F 79 60 M 

5 50 30 53 F 55 47 M 80 54 F 

8 72 F 31 59 M 56 52 M 81 55 F 

7 49 F 32 57 IVI 57 52 F 82 51 F 

8 59 F 33 56 M 58 50 F 83 62 M 

9 60 F 34 50 F 59 58 M 84 55 M 

10 59 35 59 F 80 64 M 85 59 M 

11 53 36 60 M 81 49 F 88 51 F 

12 53 F 37 58 M 82 59 M 87 56 M 

13 54 F 38 56 F 83 51 F 88 58 M 

14 65 F 39 61 M 84 58 M 89 52 F 

15 49 F 40 53 F 85 60 M 90 S3 M 

18 61 41 57 M 88 52 F 91 56 M 

17 55 F 42 56 F 87 57 M 92 60 M 

18 61 43 57 M 88 62 F 93 54 M 

19 59 44 55 M 89 55 F 94 49 F 

20 67 F 45 63 M 70 55 F 95 54 F 

21 54 F 48 56 M 71 60 M 98 54 M 

22 53 F 47 59 M 72 55 M 97 55 M 

23 59 48 51 F 73 58 M 98 54 M 

24 50 F 49 74 M 74 60 M 99 48 F 

25 53 F 50 56 M 75 58 M 100 56 M 

Location Time Temn CH DO Mortalitv 

Little Pigeon 1100 isa-c 1230 3(F)(1 Non-tagging) 
4(M) 
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Blueside Darter 

Collection Date. 3MS/02 

Collection Site Confluence of WestProng and Little Pigeon River 
Tagging Date* 3/15/02 
Release Site Pigeon River,Newport,200m below Hwy 321 Bridge 

Release Date. 3/15/02 

VIE- Orange 

Length Sex Length Sex Length Sex Length Sex 

101 57 M 126 53 F 151 51 F 

102 61 M 127 66 M 152 53 F 

103 42 F 126 62 M 

104 SO F 129 60 M 

105 60 M 130 60 M 

106 55 M 131 58 M 

107 59 M 132 65 F 

108 62 M 133 59 M 

109 54 F 134 54 F 

110 57 M 135 53 M 

111 59 M 136 60 M 

112 47 F 137 60 M 

113 53 M 138 49 F 

114 55 F 139 52 F 

115 55 F 140 68 F 

116 68 F 141 68 F 

117 60 M 142 61 M 

118 60 M 143 51 F 

119 55 F 144 46 F 

120 54 F 145 65 M 

121 54 F 146 52 M 

122 48 F 147 49 F 

123 57 M 148 48 F 

124 56 M 149 51 M 

125 56 M 150 55 F 

NOTE In 16 unit efforts(300sq ft/seme effort), collected 5 tagged (1 red, 1 ylw,3grn)redlines, 
all healthy, only 1/effort, allfrom justdownstream of their release site 
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Gilt Darter 

Collection Date: 05/21/02 

Collection Site: Confluence of WestProng and Little Pigeon River 

Tagging Date 05/21/02 
Release Site Pigeon River,Tannery island 
Release Date. 05/21/02 

VIE: Orange 

Length Sex Length Sex Length Sex Length Sex 

1 55 M 26 65 M 51 64 F 76 75 M 

2 69 F 27 64 M 52 56 F 77 75 M 

3 56 F 28 64 M 53 60 F 78 55 F 

4 67 F 29 59 M 54 65 F 79 76 M 

5 67 F 30 51 F 55 55 M 80 54 M 

6 65 F 31 52 M 56 58 M 81 69 M 

7 64 M 32 64 M 57 64 M 82 58 M 

8 57 M 33 57 M 58 55 M 83 61 M 

9 55 M 34 52 M 59 61 M 84 60 M 

10 43 F 35 65 F 60 52 F 85 56 M 

11 54 F 36 58 M 61 64 M 86 68 F 

12 52 F 37 61 F 62 60 F 87 49 M 

13 56 M 38 54 F 63 51 M 88 58 F 

14 55 F 39 55 F 64 49 M 89 64 M 

15 57 M 40 61 M 65 59 F 90 66 M 

16 54 F 41 81 M 66 50 M 91 62 M 

17 65 M 42 56 M 67 56 M 92 52 F 

18 53 M 43 70 M 68 59 F 93 69 M 

19 63 M 44 54 F 69 54 M 94 64 M 

20 53 M 45 57 F 70 54 F 95 54 F 

21 60 M 46 55 M 71 51 F 96 56 F 

22 41 M 47 55 F 72 58 M 97 56 F 

23 55 M 48 66 F 73 55 M 98 64 F 

24 50 M 49 68 M 74 53 F 99 57 M 

25 65 M 50 62 M 75 58 M 100 59 M 

Location Time Temp fiU DO Mortaiitv 

Little Pigeon 1030 129°C 11 30 0 

NOTE Collected one tagged redline 
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Gilt Darter 

Collection Date: 05/21/02 

Collection Site ConfluenceofWestProng and Little Pigeon River 
Tagging Date: 05/21/02 

Release Site: Pigeon River,Tannery Island 

Release Date: 05/21/02 

VIE: Orange 

Length Sex Length Sex Length Sex Length Sex 

101 58 F 126 58 F 151 58 F 

102 57 M 127 61 F 152 56 F 

103 59 M 128 60 F 153 SO F 

104 52 F 129 53 F 154 66 F 

105 57 130 62 F 155 63 F 

106 63 F 131 60 156 55 F 

107 65 132 61 F 157 53 F 

108 57 F 133 58 

109 55 134 83 

110 70 F 135 52 F 

111 52 F 136 63 F 

112 62 F 137 55 F 

113 51 F 138 65 F 

114 51 F 139 56 F 

115 64 140 55 F 

116 47 F 141 63 F 

117 55 142 66 F 

118 65 F 143 65 F 

119 54 F 144 56 F 

120 64 145 52 F 

121 55 146 58 F 

122 59 F 147 70 

123 57 F 148 65 F 

124 54 F 149 51 F 

125 54 M 150 56 F 
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Gilt Darter 

Collection Date 05/21/02 

Collection Site Confluence of WestProng and Little Pigeon River 
Tagging Date: 05/21/02 

Release Site Pigeon River,Tannery Island 

Release Date: 05/21/02 

VIE- Orange 

Length Sex Length Sex Length Sex Length Sex 

1 55 M 26 65 M 51 64 F 76 75 M 

2 69 F 27 64 M 52 56 F 77 75 M 

3 56 F 28 64 M 53 60 F 78 55 F 

4 67 F 29 59 M 54 65 F 79 76 M 

5 67 F 30 51 F 55 55 M 80 54 M 

6 65 F 31 52 M 56 58 M 81 69 M 

7 64 M 32 64 M 57 64 M 82 58 M 

8 57 M 33 57 M 58 55 M 83 61 M 

9 55 M 34 52 M 59 61 M 84 60 M 

10 43 F 35 65 F 60 52 F 85 56 M 

11 54 F 36 58 M 61 64 M 86 68 F 

12 52 F 37 61 F 62 60 F 87 49 M 

13 56 M 38 54 F 63 51 M 88 58 F 

14 55 F 39 55 F 64 49 M 89 64 M 

15 57 M 40 61 M 65 59 F 90 66 M 

16 54 F 41 81 M 66 50 M 91 62 M 

17 65 M 42 56 M 67 56 M 92 52 F 

18 53 M 43 70 M 68 59 F 93 69 M 

19 63 M 44 54 F 69 54 M 94 64 M 

20 53 M 45 57 F 70 54 F 95 54 F 

21 60 M 46 55 M 71 51 F 96 56 F 

22 41 M 47 55 F 72 58 M 97 56 F 

23 55 M 48 66 F 73 55 M 98 64 F 

24 50 M 49 68 M 74 53 F 99 57 M 

25 65 M 50 62 M 75 58 M 100 59 M 

Location Time Temp fid sa Mortalitv 

Little Pigeon 1030 129°C 11 30 0 

NOTE Collected one tagged redline 
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Gilt Darter 

Collection Date* 05/28/02 

Collection Site Confluence ofWestProng and Little Pigeon River 

Tagging Date- 05/28/02 

Release Site- Pigeon River,Tannery island 

Release Date 05/28/02 

VIE: Orange 

Length Sex Length Sex Length Sex Length Sex 

1 71 M 26 65 F 51 57 F 76 61 F 

2 62 M 27 66 52 55 F 77 58 M 

3 56 F 28 74 53 64 M 78 67 M 

4 61 F 29 56 F 54 55 F 79 52 F 

5 74 30 72 55 55 F 80 64 M 

6 60 F 31 61 F 56 56 M 81 57 F 

7 75 F 32 61 57 59 M 82 53 F 

8 73 33 50 F 58 55 F 83 57 M 

9 65 F 34 59 F 59 67 M 84 68 F 

10 49 F 35 55 F 60 62 F 85 55 F 

11 55 F 36 64 F 61 59 M 86 67 M 

12 62 37 55 F 82 61 M 87 64 F 

13 62 38 64 F 63 56 F 88 54 F 

14 54 F 39 66 64 64 M 89 52 F 

15 51 F 40 52 F 65 55 F 90 57 F 

16 55 F 41 55 F 66 55 F 91 66 M 

17 59 42 58 67 56 M 92 69 M 

18 65 43 55 F 68 55 F 93 56 M 

19 53 F 44 52 F 69 53 F 94 71 M 

20 63 F 45 46 F 70 60 F 95 60 F 

21 59 46 65 71 64 F 96 62 F 

22 66 47 57 F 72 63 U 97 52 F 

23 62 F 48 60 73 65 F 98 63 F 

24 56 F 49 63 F 74 59 F 99 50 F 

25 63 M 50 52 M 75 52 M 100 59 M 

Location Time Temp fiH Dfi Mortalitv 

Little Pigeon 1000 lay-c 10 14 3(F/Juv) 

Little Pigeon 1100 19 5°C 

NOTE Collected 3tagged redlines 

154 



Gilt Darter 

Collection Date- 05/28/02 

Collection Site; Confluence ofWestProng and Little Pigeon River 

Tagging Date: 05/28/02 

Release Site. Pigeon River,Tannery Island 

Release Date: 05/28/02 

VIE: Orange 

Length Sex Length Sex Length Sex Length Sex 

101 52 M 126 55 F 

102 54 F 127 49 F 

103 63 F 128 59 M 

104 74 129 53 F 

105 53 F 130 70 M 

106 56 F 131 65 F 

107 61 132 56 F 

108 53 F 133 60 F 

109 56 134 S3 F 

110 54 F 135 66 F 

111 68 F 136 55 M 

112 80 137 61 F 

113 61 F 138 67 M 

114 60 F 139 60 F 

115 52 F 

116 52 F 

117 71 M 

118 64 M 

119 58 F 

120 56 F 

121 52 F 

122 63 M 

123 61 M 

124 60 M 

125 57 M 
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Bluebreast Darter 

Collection Date- 8/28/02 

Collection Site- Bewley's Island RM-28 Nollchucky 
Tagging Date: 8/28/02 

Release Site- Pigeon River,Tannery Island 
Release Date 8/28/02 

VIE. Pink 

Length Sex Length Sex Length Sex Length Sex 

1 72 M 26 70 M 51 65 M 76 58 M 

2 65 F 27 61 M 52 58 F 77 66 M 

3 71 M 28 60 M 53 53 F 78 59 M 

4 56 F 29 52 F 54 40 F 79 61 F 

5 57 M 30 63 M 55 67 M 80 41 F 

6 71 M 31 46 F 56 61 F 81 71 M 

7 61 M 32 45 F 57 57 M 82 67 M 

8 61 M 33 43 M 58 72 M 83 56 F 

9 55 M 34 73 M 59 53 M 84 40 F 

10 76 M 35 63 M 60 47 M 85 60 F 

11 65 M 36 57 F 61 66 M 86 39 F 

12 71 F 37 43 M 62 55 F 87 65 M 

13 73 M 38 59 M 63 47 M 88 

14 72 M 39 57 M 64 59 M 89 

IS 46 F 40 59 F 65 54 M 90 

16 47 F 41 62 M 66 37 F 91 

17 55 M 42 39 M 67 31 F 92 

18 72 M 43 52 F 68 63 M 93 

19 60 M 44 56 F 69 59 M 94 

20 65 M 45 55 M 70 68 M 95 

21 71 M 46 63 M 71 75 M 96 

22 73 M 47 73 M 72 72 M 97 

23 67 M 48 54 M 73 56 M 98 

24 46 F 49 68 M 74 79 M 99 

25 70 M 50 79 M 75 65 M 100 

Location Time Temp BH DO Mortality 

Bewley's 1115 260°C 760 1 (M) 
Island 
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Gilt Darter 

Collection Date* 8/28/02 

Collection Site. Bewley's Island RM-28 Nolichucky 

Tagging Date- 8/28/02 

Release Site Pigeon River,Tannery Island 

Release Date 8/28/02 

VIE Pink 

Length Sex Length Sex 

1 62 M 26 52 F 51 

2 60 M 27 51 M 52 

3 61 M 28 61 F 53 

4 56 F 29 65 M 54 

5 65 M 30 55 

6 59 F 31 56 

7 64 F 32 57 

8 77 M 33 58 

9 70 F 34 59 

10 60 F 35 60 

11 64 F 36 61 

12 66 M 37 62 

13 52 F 38 63 

14 60 F 39 64 

15 54 F 40 65 

16 62 41M 66 

17 79 M 42 67 

18 60 F 43 68 

19 64 F 44 69 

20 54 F 45 70 

21 55 F 46 71 

22 52 F 47 72 

23 69 M 48 73 

24 51 F 49 74 

25 60 M 50 75 

Location Time Temo B» 

Bewley's 1115 260°C 

Island 

Length Sex 

DO 

760 

Length Sex 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

Mortality 

1 (non-tagging) 
1 (F/Juv) 
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Gilt Darter 

Collection Date. 10/23/02 

Collection Site* Confluence of WestProng and Little Pigeon River 

Tagging Date 10/23/02 

Release Site* Pigeon River,Tannery Island 

Release Date 10/23/02 

VIE- Pink 

Length Sex Length Sex Length Sex Length Sex 

1 51 M 26 72 M 51 65 M 76 54 M 

2 64 M 27 55 F 52 61 M 77 61 M 

3 55 M 28 62 F 53 65 M 78 55 M 

4 52 F 29 70 54 59 M 79 65 M 

5 65 M 30 50 F 55 54 M 80 45 F 

6 59 F 31 44 F 56 62 M 81 70 M 

7 69 M 32 52 57 60 M 82 64 F 

8 64 M 33 55 F 58 57 M 83 53 F 

9 65 F 34 47 F 59 53 M 84 67 M 

10 62 F 35 56 F 60 61 M 85 62 F 

11 50 F 36 52 F 61 66 M 86 71 M 

12 66 M 37 57 62 70 M 87 57 M 

13 60 M 38 51 F 63 49 F 88 52 F 

14 70 M 39 48 F 64 55 M 89 51 F 

15 59 M 40 43 F 65 61 M 90 62 M 

16 60 F 41 62 M 66 60 M 91 65 M 

17 71 M 42 44 F 67 61 M 92 59 F 

18 65 F 43 48 M 68 70 M 93 56 F 

19 59 F 44 49 M 69 63 M 94 56 F 

20 64 F 45 64 M 70 64 F 95 52 F 

21 48 F 46 65 M 71 55 M 96 49 F 

22 52 M 47 51 F 72 52 M 97 61 F 

23 56 F 48 58 M 73 71 M 98 63 F 

24 65 M 49 50 M 74 62 F 99 64 F 

25 71 M 50 45 F 75 64 M 100 52 F 

Location Time Temp BH DO Mortalitv 

Little Pigeon 1130 154°C 11 30 0 

NOTE Collected 3tagged redlines,2grn and 1 ylw 
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Gilt Darter 

Collection Date: 10/23/02 

Collection Site: Confluence ofWestProng and Little Pigeon River 

Tagging Date. 10/23/02 

Release Site: Pigeon River,Tanneiy Island 
Release Date: 10/23/02 

VIE: Pink 

Length Sex Length Sex Length Sex Length Sex 

101 66 F 126 62 M 151 176 

102 49 F 127 152 177 

103 66 M 128 153 178 

104 50 F 129 154 179 

105 57 F 130 155 180 

106 55 F 131 156 181 

107 50 F 132 157 182 

108 55 M 133 158 183 

109 56 M 134 159 184 

110 54 M 135 160 185 

111 63 F 136 161 186 

112 55 F 137 162 187 

113 70 M 138 163 188 

114 69 M 139 164 189 

115 53 F 140 165 190 

116 64 M 141 166 191 

117 49 F 142 167 192 

118 53 F 143 168 193 

119 74 M 144 169 194 

120 52 F 145 170 195 

121 76 M 146 171 196 

122 48 F 147 172 197 

123 69 M 148 173 198 

124 54 F 149 174 199 

125 53 F 150 175 200 
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Blueside Darter 

Collection Date* 3/13/03 

Collection Site- Confluence of WestProng and Little Pigeon River 

Tagging Date 3/13/03 

Release Site Pigeon River, Newport,200m below Hwy 321 Bridge 

Release Date 3/13/03 

VIE Red 

Length Sex Length Sex Length Sex Length Sex 

1 59 M 26 65 F 51 58 M 76 48 F 

2 75 M 27 73 M 52 76 M 77 55 M 

3 53 F 28 60 M 53 50 F 78 50 F 

4 57 M 29 52 M 54 57 F 79 49 F 

5 71 M 30 54 M 55 57 M 80 74 M 

6 71 M 31 70 M 56 50 F 81 59 M 

7 52 M 32 49 F 57 59 M 82 57 M 

8 53 M 33 64 F 58 60 M 83 54 M 

9 50 M 34 74 M 59 55 M 84 51 M 

10 58 M 35 59 M 60 69 M 85 56 M 

11 53 M 36 64 F 61 63 F 86 48 M 

12 59 M 37 56 F 62 74 M 87 59 M 

13 46 F 38 49 F 63 49 F 88 62 F 

14 60 M 39 74 M 64 55 M 89 55 M 

15 50 F 40 67 F 65 45 F 90 61 F 

16 54 M 41 62 M 66 61 F 91 51 M 

17 52 M 42 57 M 67 71 M 92 54 M 

18 54 M 43 59 M 68 55 M 93 44 F 

19 46 F 44 71 M 69 55 M 94 45 F 

20 65 F 45 59 F 70 72 M 95 59 M 

21 49 F 46 69 M 71 50 F 96 46 F 

22 58 M 47 57 M 72 44 F 97 60 F 

23 68 M 48 60 M 73 52 M 98 54 M 

24 49 F 49 52 M 74 49 F 99 60 F 

25 58 M 50 65 F 75 52 M 100 47 F 

Location Time Temp fitl DO Mortalitv 

Little Pigeon 0930 11 1°C 1330 0 

Bag 1540 164°C 

Pigeon 1606 12I'C 
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Blueside Darter 

Collection Date 3/13/03 

Collection Site- Confluence ofWestProng and Little Pigeon River 
Tagging Date 3/13/03 
Release Site: Pigeon River,Newport,200m below Hwy 321 Bridge 
Release Date 3/13/03 

VIE- Red 

Length Sex Length Sex Length Sex Length Sex 

1 59 M 26 65 F 51 58 M 76 48 F 

2 75 M 27 73 M 52 76 M 77 55 M 

3 53 F 28 60 M 53 50 F 78 50 F 

4 57 M 29 52 M 54 57 F 79 49 F 

5 71 M 30 54 M 55 57 M 80 74 M 

6 71 M 31 70 M 56 50 F 81 59 M 

7 52 M 32 49 F 57 59 M 82 57 M 

8 53 M 33 64 F 58 60 M 83 54 M 

9 50 M 34 74 M 59 55 M 84 51 M 

10 58 M 35 59 M 60 69 M 85 56 M 

11 53 M 36 64 F 61 63 F 86 48 M 

1? 59 M 37 56 F 62 74 M 87 59 M 

13 46 F 38 49 F 63 49 F 88 62 F 

14 60 M 39 74 M 64 55 M 89 55 M 

15 50 F 40 67 F 65 45 F 90 61 F 

18 54 M 41 62 M 66 61 F 91 51 M 

17 52 M 42 57 M 67 71 M 92 54 M 

18 54 M 43 59 M 68 55 M 93 44 F 

19 46 F 44 71 M 69 55 M 94 45 F 

?0 65 F 45 59 F 70 72 M 95 59 M 

71 49 F 46 69 M 71 50 F 96 46 F 

7? 58 M 47 57 M 72 44 F 97 60 F 

73 68 M 48 60 M 73 52 M 98 54 M 

74 49 F 49 52 M 74 49 F 99 60 F 

25 58 M 50 65 F 75 52 M 100 47 F 

Location Time Temp £H DO Mortalitv 

Little Pigeon 
Bag 
Pigeon 

0930 

1540 

1606 

11 1°C 

16 4''C 

12 1°C 

1330 0 
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Blueside Darter 

Collection Date- 3/13/03 

Collection Site. Confluence ofWestProng and Little Pigeon River 
Tagging Date: 3/13/03 

Release Site: Pigeon River,Newport,200ni below Hwy321 Bridge 
Release Date- 3/13/03 

VIE- Red 

Length Sex Length Sex Length Sex Length Sex 

101 55 M 

102 50 F 

103 59 M 

104 59 M 

105 52 M 

106 54 M 

107 57 M 

108 67 M 

109 49 F 

110 48 F 

111 74 M 

112 65 M 

113 50 F 

114 55 M 

115 56 F 
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Gilt Darter 

Collection Date: 3/13/03 

Collection Site: Confluence ofWestProng and Little Pigeon River 

Tagging Date. 3/13/03 
Release Site: Pigeon River,Tannery Island 

Release Date: 3/13/03 

VIE. Red 

Length Sex Length Sex Length Sex Length Sex 

1 65 M 26 49 F 51 64 M 

2 64 M 27 62 M 52 62 M 

3 56 F 28 53 F 53 62 M 

4 64 F 29 54 F 54 52 F 

5 56 F 30 65 F 55 49 F 

6 57 M 31 71 56 52 F 

7 65 M 32 64 F 57 57 F 

8 65 M 33 58 F 58 58 F 

9 60 M 34 65 59 57 M 

10 57 M 35 56 F 60 55 F 

11 62 F 36 58 F 61 46 F 

12 55 F 37 62 F 

13 59 M 38 60 

14 61 F 39 58 

15 62 F 40 50 F 

16 50 F 41 54 

17 60 M 42 57 F 

18 54 F 43 65 

19 64 M 44 63 F 

20 55 F 45 56 F 

21 50 F 45 62 

22 65 M 47 55 F 

23 59 F 48 53 F 

24 59 M 49 60 M 

25 60 M 50 49 F 

Temp £H DO MortalityLocation Time 

Little Pigeon 0930 11 1°C 1330 0 
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Vita 

Joyce A.Coombs wasbom in Washington,D.C.onFebmary6,1951. Growingup as a 

memberofa military family,she lived and traveled throughoutthe United States. 

She began her college career at James Madison University,Harrisonburg,VA,receiving 

aBachelor ofScience in Biology with a minorin chemistry in 1974. After college,she 

served in the United States Coast Guard as aPollution Prevention and Control Officer at 

the rank ofLieutenant. Later,as a Fisheries Biologist,she worked for the Washington 

State DepartmentofFisheries and Wildlife,conducting stream surveys and port 

samplings. 

In 1996,she retumed to school and received an Associate ofApplied Science degree in 

Environmental Science Technology firom Pamlico Community College,Grantsboro,NC. 

In January 2001,she enrolled inthe DepartmentofForestry,Wildlife,and Fisheries at 

the University ofTennessee. She was awarded a Master ofScience degree in Wildlife 

and Fisheries Science in May2003. 
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