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DISCLAIMER

Recovery plansdelineate reasonableactions that are believed to be requiredto recoverandlor
protectlisted species.Plansare publishedby theU.S. FishandWildlife Service, sometimes
prepared with the assistanceofrecoveryteams,contractors,Stateagencies,andothers.
Objectiveswill be attainedand anynecessary funds madeavailablesubjectto budgetaryand
other constraints affecting the partiesinvolved,as well as the need to address other priorities.
Recovery plansdo notnecessarilyrepresent the views, official positions,orapprovalofany
individuals or agenciesinvolvedin the plan formulation, otherthantheU.S. Fishand Wildlife
Service. They represent the official positionoftheU.S. Fish and Wildlife ServiceQfljy afterthey
have beensignedby theRegionalDirectororDirector asapproved.Approvedrecovery plans are
subject to modification as dictatedby newfindings,changesin speciesstatus,and the completion
ofrecoverytasks.

By approving thisdocument,theRegionalDirectorcertifies that thedataused inits development
representsthe best scientificandandcommercialinformationavailableat the time it was written.
Copiesofall documents reviewed in the developmentofthis recovery plan areavailablein the
administrativerecord located at the Asheville,NorthCarolina,FieldOffice.

Literaturecitationsshouldreadasfollows:

U.S. Fishand Wildlife Service. 1996. Appalachian Elktoe RecoveryPlan. Atlanta,GA. 32 pp.

Additional copiesof this plan maybe purchasedfrom:

FishandWildlife ReferenceService
5430GrosvenorLane,Suite110
Bethesda, Maryland20814
Phone: 301/492-6403or

1-800/582-3421

Fees for recovery plansvary, depending upon the numberofpages.
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EXECUTIVE SUMMARY

Current Status: The Appalachianelktoewasfederally listed asendangeredon November23,
1994. Only two populationsofthespeciesare known tosurvive. One populationoccursin the
main stemoftheLittle Tennessee Riverin Swainand MaconCounties,NorthCarolina. The
secondpopulationis restricted to scatteredlocationsalong a shortreachofthe Toe River and the
main stemofthe Nolichucky Riverin YanceyandMitchell Countiesin NorthCarolina,
extendingdownriver intoUnicoi County,Tennessee.A singlespecimenofthe Appalachian
elktoewasalsofoundin the Cane River, amajortributary to theNolichuckyRiver, in Yancey
County,NorthCarolina. The completehistoric rangeofthe species is unknown, butavailable
information indicatesthat it once had a fairly widedistributionthroughout theUpperTennessee
River systemin westernNorthCarolina. In Tennessee thespeciesin known only fromits
present rangein themain stemof the NolichuckyRiver.

HabitatRequirementsandLimiting Factors:Thespecieshasbeen reported fromrelatively
shallow medium-sizedcreeksandrivers with cool, well-oxygenated, and moderate-to
fast-flowingwater. It hasbeenobservedin gravelly substrata,oftenmixed with cobbleand
boulders;in cracks in bedrock;andoccasionally in relativelysilt-free,coarse, sandysubstrata.
Water qualityandhabitat degradationresultingfrom impoundments,stream channelization
projects,andpointand nonpoint sourcesofsiltationandother pollutantsappearto be major
factors in reducing thespecies’distributionandreproductivecapacity.Unlessnewpopulations
are foundorcreated andexistingpopulationsaremaintained,this specieswill likely become
extinct in the foreseeablefuture.

Recovery Objective:Delisting.

RecoveryCriteria: Downlist from endangeredto threatened status when the following criteria
aremet: (1) Through protectionof bothexistingpopulations andsuccessful establishmentor
discoveryofadditional populations,a totalof fourdistinctviablepopulations exist within the
species’historic range, with at least one each in theLittle Tennessee, French Broad,and
NolichuckyRiver systems;(2) eachofthe fourpopulationshave at least threeyearclasses
presentandshowevidenceofreproduction, includinggravidfemales,and at leastonejuvenile
ageclass(age3 or younger);(3) all fourpopulationsandtheirhabitats are protected from present
andforeseeablethreats;and,(4) all four populationsremain stable orincreaseover a periodof
10 to 15 years.

Delistwhenthe following criteria aremet: (1) Through protectionofbothexistingpopulations
and successful establishmentordiscoveryofadditional populations,a totalof six distinct viable
populationsexist within thespecies’historic range, with at leastoneeachin theLittle Tennessee,
French Broad,andNolichuckyRiver systems;(2) eachofthe six populationshave at least three
year classes presentand show evidenceofreproduction,including gravidfemales,andat least
onejuvenileageclass(age3 oryounger); (3)all six populationsandtheirhabitats are protected
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from presentand foreseeablethreats;and,(4) all six populations remain stableor increase over a
periodof 10 to 15 years.

ActionsNeeded:

1. Utilize existing legislation/regulations to protect thespecies.
2. Elicit supportthrough the development andutilizationofaninformation/education

program.
3. Searchfor newpopulations and monitor existing populations.
4. Determine thespecies’life history, habitatrequirements, and threats.
5. Implementmanagementand alleviate threats to thespecies’existence.
6. Throughaugmentation,reintroduction, and protection, establishsix viable

populations.
7. Develop and implement cryopreservationofthespecies.

Cost($OOOs):

1996

1997 5.5 5.5 6.0 25.0 25.0 30.0 8.5 105.5

1998 5.5 3.0 4.0 25.0 25.0 30.0 2.0 94.5

1999 5.5 0.0 0.0 0.0 25.0 10.0 2.0 42.5

2000 5.5 0.0 4.0 0.0 10.0 2.0 21.5*

2001 5.5 2.0 0.0 0.0 10.0 2.0 19.5*

2002 5.5 0.0 5.5 0.0 0.0 2.0 13.0*

2003 5.5 0.0 0.0 0.0 0.0 2.0 7~5*

2004 5.5 2.0 5.5 0.0 2 0.0 2.0 15.0*

2005 5.5 0.0 0.0 0.0 0.0 2.0 7~5*

5.52006 5.5 0.0
——

20.5 36.5

0.0 2 0.0 2.0 13.0*

Total 60.5 75.0 75.0* 120.0 35.0 422.5*

* Habitatimprovementcosts neededfor thespecies’recoverywill not be knownuntil the

magnitudeofspecificthreatsis determinedthrough research.

iv

5.5 8.0 6.0 25.0 0.0 30.0 8.5 83.0



Dateof Recovery: The delistinganddownlisting dates cannot be estimated at this time.As
musselsdo not reproduceuntil about age5, more than10 yearsare needed to document
reproductionandassessviability.
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PART I

INTRODUCTION

The Appalachianelktoe(Alasmidontaraveneliana)waslisted as anendangeredspecieson
November23, 1994(U.S. FishandWildlife Service [Service]1994). This freshwatermussel
inhabitsrelatively shallow medium-sized creeksandrivers with cool, well-oxygenated, and
moderate-to fast-flowingwater. TheAppalachianelktoeis endemic to the upperTennessee
River systemin themountainsofwesternNorthCarolinaandeasternTennessee.It once had a
fairly wide distributionin westernNorthCarolina buthasbeen eliminated from the majorityof
its historic range (including the French Broad River, theLittle River [French Broad River
system],the Pigeon River [French Broad Riversystem],the Swannanoa River [French Broad
Riversystem],andTalula Creek [Little Tennessee Riversystem]). It hasbeen reduced toshort
reachesoftheLittle Tennessee River, NolichuckyRiver,Toe River, and Cane River inNorth
Carolina. In Tennessee, thespeciesis knownonly from its present distribution in theNolichucky
River. Thespecies’range has beenseriouslyreduced by impoundments andthegeneral
deteriorationofhabitat and water qualityresultingfrom siltationand other pollutants contributed
by poorland-use practices andtoxic discharges.

Description, Ecology, and Life History

TheAppalachian elktoe(Alasmidontaraveneliana)(Lea1834)hasa thin, but notfragile,
kidney-shapedshell, reachingup to about3.2 inches inlength, 1.4 inchesin height,and 1 inch in
width (Clarke1981). Juveniles generally have a yellowish brown periostracum (outer shell
surface),whereas the periostracumoftheadultsis usually dark brown incolor. Although rays
are prominenton someshells,particularlyin the posterior portionofthe shell, manyindividuals
have onlyobscuregreenish rays. Theshell nacre (inside shellsurface)is shiny,often white to
bluish white, changing to a salmon,pinkish, orbrownish color in thecentralandbeak cavity
portionsoftheshell; some specimens maybe marked with irregular brownishblotches(adapted
from Clarke1981). A detailed descriptionofthespecies’shell,with illustrations,is contained in
Clarke(1981). Soft parts are discussed in Ortmann(1921).

Becauseof its rarity, little is known about the autecologyof the Appalachianelktoe. The species
has been reportedfrom relativelyshallow medium-sized creeksandrivers with cool,
well-oxygenated,andmoderate- to fast-flowingwater. It has beenobservedin gravelly
substrata,oftenmixed with cobble and boulders; in cracks in bedrock (Gordon1991); and
occasionally inrelatively silt-free,coarse,and sandy substrata(J. Alderman,NorthCarolina
Wildlife ResourcesCommission, personalcommunication,1992;personal observations,1989,
1991). Like other freshwatermussels, the Appalachian elktoefeedsby filtering food particles
from the watercolumn. Thespecific food habitsofthe species are unknown, but other
freshwatermussels have been documented to feed ondetritus,diatoms,phytoplankton, and
zooplankton (ChurchillandLewis 1924). The reproductivecycleofthe Appalachian elktoeis
similar to thatof other native freshwatermussels.Malesrelease sperminto the water column;
the spermare thentakenin by thefemalesthroughtheirsiphonsduring feeding andrespiration.



The females retain thefertilized eggsin theirgills until the larvae(glochidia) fully develop. The
musselglochidia are released into the water,and within a few days they must attach to the
appropriate speciesof fish, which theyparasitizefor a short time while they develop intojuvenile
mussels.They then detachfrom theirfish host and sink to the stream bottom where they
continueto develop, provided they land in a suitable substratum with the correct water
conditions. Recent studies fundedby theU.S. Forest Service and conductedby personnel with
the Tennessee Technological University at Cookeville, Tennessee, have identified the banded
sculpin(Coitus carolinae)as a host speciesfor glochidiaoftheAppalachianelktoe(M. Gordon,
Tennessee Technological University, personal communication,1993). Themussel’slife span
andmany other aspectsof its life history are unknown.

Distribution and Threats to Its ContinuedExistence

The Appalachian elktoeis known to be endemic to the upper TennesseeRiversystemin western
NorthCarolinaandeastern Tennessee. Historical recordsfor the speciesin NorthCarolinaexist
for theLittle Tennessee River system (Talula Creek, Graham County) and the French Broad
River system,including theNolichuckyRiver (county unknown), theLittle River(Transylvania
County),the Swannanoa River (county unknown), the Pigeon River (Haywood County), and the
main stemof the French Broad River (BuncombeCountyand an unknown county) (Clarke
1981). An additionalhistorical recordofthe Appalachian elktoe in theNorthForkHolston River
in Tennessee(S. S. Haldeman collection)is believed torepresentamislabeledlocality (Gordon
1991).

Surveysofthe French Broad Riverandits tributaries in Transylvania, Henderson, Haywood,
Buncombe, and Madison Counties,NorthCarolina,failed to locateany specimensofthe
Appalachianelktoe(R. Biggins,U.S. FishandWildlife Service, personal communications,1989,
1991;Alderman, personal communication,1990;Gordon, personal communications,1991, 1992;
personal observations,1986 through1991). The specieshasalsobeenextirpatedfrom Talula
Creekin theLittle Tennessee River system (personal observations,1987, 1992)and could notbe
found in anyof the othermajortributariesto the Little Tennessee River (Gordon, personal
communication,1991; 5. Ahlstedt, Tennessee Valley Authority, personal communication,1992).
If thehistoric record for the speciesin theNorthFork Holston River in Tennessee was agood
record, then the specieshasbeen eliminated from this river as well.

Only two populationsofthe species are known tosurvive. Thehealthiestof thesepopulations,
discoveredin 1987 by Tennessee Valley Authority biologists (StevenAhlstedtand Charles
Saylor),existsin the main stemoftheLittle TennesseeRiverbetweenEmoryLakeat Franklin,
MaconCounty,NorthCarolina,andFontanaReservoir inSwain County,NorthCarolina
(Tennessee Valley Authority1987;J. Widlak, U.S. FishandWildlife Service, personal
communication,1988;Biggins 1990;Gordon1991; personal observations,1988, 1991, 1992,
1993). This population waslikely reducedin sizeby the impoundmentofthese tworeservoirs.
The second population occursin theNolichuckyRiver system. This population appears tobe
restricted to scattered pocketswithin a shortreachofthe ToeRiverin Yancey andMitchell
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Countiesin North Carolina(personal observations,1991,1992)and the main stemofthe
Nolichucky River,YanceyandMitchell Counties,NorthCarolina (Alderman,personal
communication,1991;personal observation,1992, 1993),extendingdownriver into the vicinity
of Erwin, Unicoi County,Tennessee(personalobservation,1992). A single specimenofthe
Appalachianelktoe wasalsofound in the Cane River,aboveits confluence with the Nolichucky
River,YanceyCounty,North Carolina(C. McGrath,NorthCarolina WildlifeResources
Commission, personalcommunication,1992).

The declineofthis species throughoutits range has been attributed to several factors,including
siltationresultingfrom past logging,mining, agricultural,andconstruction activities; therun-off
anddischargeof organicandinorganicpollutants fromindustrial, municipal,agricultural,and
other point and nonpointsources;habitat alterationsassociatedwith impoundments,
channelization,anddredging;andothernaturaland human-related factors that adversely modify
the aquaticenvironment.

Land-clearing/disturbance activitiescarriedout without proper sedimentation controlposea
significant threat to freshwatermussels.Mussels aresedentaryandare notableto movelong
distances to moresuitableareas in response to heavy siltloads. Naturalsedimentationresulting
from seasonalstorm events probably does notsignificantly affectmussels,but humanactivities
often createexcessivelyheavy siltloadsthat can havesevereeffectson mussels and otheraquatic
organisms.Siltationhasbeen documented to adversely affectnativefreshwatermusselsboth
directly andindirectly. Siltation degrades water and substrataquality, limiting theavailable
habitat for freshwatermussels(andtheirfish hosts), therebylimiting theirdistributionand
potentialfor expansion and maintenanceoftheirpopulations. It alsoirritates andclogsthe gills
of filter-feeding mussels, resultingin reducedfeedingandrespiration,and smothersmusselsif
sufficientaccumulationoccurs. Siltation increases thepotential exposureofthemusselsto other
pollutants(Ellis 1936,Marking and Bills1979,Kat 1982). Ellis (1936) found thatlessthan
1 inch ofsedimentdepositioncaused highmortality in most musselspecies.Sediment
accumulationsthat arelessthanlethal to adults may adverselyaffect orpreventrecruitmentof
juvenilemusselsinto thepopulation. Also, sedimentloadingin rivers andstreams during
periodsofhigh dischargeis abrasiveto musselshells. Erosionof the outer shell allows acidsto
reach and corrode underlyinglayers(Harman1974).

Musselsare also known to besensitiveto numerousotherpollutants, including,but notlimited
to, awide variety ofheavymetals,high concentrationsofnutrients,andchlorine--pollutants that
arecommonlyfound in manydomesticandindustrialeffluents (Havlik and Marking1987). In
the early1 900s Ortmann (1909) noted that the disappearanceofunionids (mussels)is the first
andmost reliable indicatorofstreampollution. KellerandZam(1991) concluded that mussels
are moresensitiveto metals thancommonly testedfish and aquaticinsects.The life cycleof
native musselsmakes the reproductivestagesespecially vulnerable to pesticidesand other
pollutants(Ingram 1957, Stein1971,Fuller 1974,Gardneret al. 1976). Effluent from sewage
treatment facilities can be a significantsourceofpollution that can severelyaffect thediversity
andabundanceofaquaticmollusks. The toxicityofchlorinatedsewageeffluents to aquatic life
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is well documented (Brungs1976,Tsai 1975,Bellancaand Bailey1977,U.S. Environmental
ProtectionAgency 1985,Goudreauetal. 1988),and mussel glochidia(larvae)rank among the
mostsensitiveinvertebrates intheirtolerance to toxicants present insewageeffluents (Goudreau
el al. 1988). Goudreauet al. (1988) found that the recoveryofmussel populations may notoccur
for up to 2 miles below the discharge pointsofchlorinatedsewageeffluent.

The effectsof impoundmentson mussels are also well documented. The closureof dams
changes thehabitatfrom a lotic to a lenticcondition. Depth increases,flow decreases, and silt
accumulateson thebottom. Hypolimnetic discharge lowerswatertemperaturesdownstream.
Fishcommunitieschange, and host fish species may be eliminated. Mussel communitieschange;
species requiring clean gravel and sand substrate are lost (Bates1962). In addition, the
constructionofdams resultsin the fragmentation and isolationofthespecies’populations,and
thesedamsactas effective barriers to naturalupstreamexpansionorrecruitmentofmussel and
fish species.

The available evidence demonstrates thathabitatdeterioration resulting from sedimentation and
pollution fromnumerouspointand nonpoint sources, when combinedwith theeffectsofother
factors (including habitatdestruction/alterationresulting from impoundments,channelization
projects, etc.),hasplayeda significant role in the declineofthe Appalachianelktoe. The Service
believes thisis particularlytrueoftheextirpationofthe species fromthePigeon, Swannanoa,
and French BroadRivers. These factors likelyalsocontributed to theextirpationofthe species
from theLittle River and Talula Creek, thoughhabitatloss and alteration resulting from
impoundments,channel modificationprojects,andexcavationactivitieswithin the stream
channel(particularlyin the caseofTalula Creek) are believed to have had a severe adverseeffect
on the speciesin these streams.

Both areaswheretheAppalachianelktoe still survives appear to haveescapedthelarge-scale
pollution from pointsources that have occurred in the past in other areaswithin the species
historic range, and both river reachesstill supporting the species wereratedby theNorth
Carolina DepartmentofEnvironment, Health, and NaturalResources(NCDEHNR), Divisionof
EnvironmentalManagement, as havingexcellentwater quality (NCDEHNR1985). There are
relatively few major pointsourcedischargesin the upperNolichuckyRiver system, and theriver
reach thatstill supports the Appalachian elktoeis located over20 miles from thenearestofthese
discharges.TheLittle Tennessee River system alsocurrentlyhasrelatively fewmajor point
sourcedischarges.While the CityofFranklinrecently expandedtheirwastewatertreatment
facility and discharge into Lake Emory, directly above the occurrenceofthe Appalachian elktoe
(as well as two other federallylisted aquatic species--the endangered little-wing pearly mussel
and thethreatenedspotfin chub),they upgradedtheirtreatment system to advance treatment
(becauseofthe local community’sinterest in protecting the qualityandusesofthe river below
Franidin). This dischargeis not believedto pose amajorthreat to the healthoftheLittle
TennesseeRiver ecosystem.
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The most immediate threats to both remaining populationsofthespeciesappearto be associated
with sedimentationandother pollutants(i.e., fertilizers,pesticides,heavymetals,oil, salts,
organic wastes, etc.) from nonpointsources.MuchoftheNolichuckyRiver inNorthCarolina
contains heavyloadsofsedimentfrom pastland-disturbanceactivities within its watershed,and
suitable habitat for the Appalachianelktoeappearsto belimited in this riversystem.The species
has not been foundin theNolichuckyRiver systemin substrata with accumulationsofsilt and
shifting sand;the species appears to be restricted tosmall, scattered pocketsof stable,relatively
clean,andgravellysubstrata.The sameis trueofthe populationsurviving in theLittle
TennesseeRiver. Whiletherehave been afewobservationsof the Appalachian elktoein the
Little Tennessee Riverin coarse sandysubstrata,they were loneindividualsthatwereobserved
following periodsofheavyrain, when they werelikely displaced from moresuitablehabitatby
stormflows. Theseindividualswerenotobservedin subsequent visits to thesesites. The river
channelabove Lake Emory (above the reachofthe riversupportingthe Appalachianelktoe)
carries a high loadof unstablesedimentsandis devoidofmussels.It is believed that Lake
Emoryhasservedin the past, and continues toserveto a lesser degree,asa sediment trap, which
has helped to protect theintegrity ofthe river below theTownofFranklin. However, the lakeis
rapidly filling with sediment,andlarge sediment accumulations in the river below the lake are
becoming increasingly common.

Manyofthe industries,landowners,developers, builders, etc., in the watershedsof thesetwo
river systemsareto be commended for implementing measuresfor controlling therun-offof
sedimentandother pollutants into the riversandtributaries. Landownersalong theNolichucky
River,wherethe Appalachian elktoestill survives, have indicated that in recent years they have
noted improvements(decreases)in theamountofsandand sediment in the lower Toe and
NolichuckyRivers. Theseimprovementsare,no doubt,in a large part due the effortsof
industriesand landownerswithin the watershedoftheNolichuckyRiver. However,thereare
still large quantitiesofsandand other unstablesedimentswithin this riversystem,andthereare
still activitiesoccurring within both theLittle Tennessee andNolichuckyRiverwatershedsthat
continueto contribute to the problem.

While the Service does not have theauthority under theEndangeredSpeciesAct to requireor
enforce implementationoferosion-or sedimentation-controlmeasures,the Servicestrongly
encourages the useof ‘‘best managementpractices’’and‘‘stream—sidemanagementzones.
Implementationof suchmeasures benefits thelandownersby helpingto control therun-offof
topsoil, fertilizers,pesticides,etc.,andby helpingto maintainthequality ofariver’s
ecosystem--itsbiological, recreational,and aesthetic values.Also, the Serviceandother Federal
and Stateagencies haveprograms availablefor assisting landownerswith the development and
implementationofcorrective measures at problemsites. For instance, theService’sPartners for
Wildlife Program(Partners)has thepotentialto providefunding to interestedandwilling
industriesandlandownersto help restore degraded areas; fence livestock outof streams; and
provide alternative water sources, plant filterstrips,restore eroding stream banks,etc. The
Service,in cooperation with theNaturalResourcesConservationService,Resource Conservation
and DevelopmentCouncil, andLittle Tennessee RiverWatershedAssociation,is currently
involved in Partners projects with fourlandownersin the Little Tennessee Riverwatershed.
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Anotherpotentialthreat to the Appalachian elktoeis the introduction and/or invasionofexotic
species.For example, the Asiaticclam,Corbiculafluminea,oneof204 introducedmollusk
speciesin NorthAmerica(Dundee1969),was first discoveredin the United Statesin the
Columbia Riverin Oregonin 1939. By 1972 the species could be found in mostofthe major
river systemsthroughoutthe United States (Fuller and Powell1973). While C.flumineahasnot
been observedin the stretchoftheLittle Tennessee Riverstill inhabited by the Appalachian
elktoe,it hasbecomewell establishedin portionsof the Toe andNolichuckyRivers. The extent
ofthe threat thatC. flumineapresentsto the elktoe andothernativemussel populationsis
presently unknownandrequires furtherstudy. Many malacologistsare concerned about the
possibility of a competitive interactionfor space, oxygen, andfoodbetweenC.flumineaand
native bivalves. Competition may not occur among adults but, rather, at thejuvenilestage
(Neves and Widlak1987). Becauseof its restricteddistribution,theAppalachianelktoemay not
be able to withstandvigorous competition.

The zebra mussel(Dreissenapolymorpha)is anotherexotic freshwater mussel species that may
pose a significant threatto the Appalachianelktoe. Dreissenapolymorpha,a nativeof the
drainagebasinsofthe Black, Caspian,and Aral Seas, was first introduced intoLakeSt.Clair in
the mid- tolate 1980s. In only a few years it colonizedall five ofthe Great Lakes andis rapidly
expanding into thesurroundingriver basins(OrNeill and MacNeill 1991). Many biologists
believe the species may ultimately infest most areasofNorthAmericasouthofcentralCanada
and northoftheFloridaPanhandle(O’Neill and MacNeill1991). Dreissenapolymorphais a
prolific breeder;once establishedin an area, it attaches in large numbers to any firm nontoxic
surface,including otherliving organisms(i.e., crayfish,snails,other mussels, etc.)(OrNeill and
MacNeill 1991). Numerouslive and dead nativemusselshave been observed, coveredwith
extensivegrowthsofD. polymorpha,andthereare signs that native mussel populations in Lake
St. Clair are disappearing rapidly coincident with theD. polymorphacolonization(O’Neill and
MacNeill 1991). Aside from the direct interactions betweenD. polymorphaand native benthic
organisms, thereis concernthat thetremendousfiltering activity exertedby high-density
populationsofthe species could disrupt the natural food chainandaffect the entireaquatic
communitiesof infestedlakesandstreams (Hebertet al. 1991,O’Neill andMacNeill 1991,
Weigmannet al. 1991).

The introductionofnonindigenousfish speciescanalso resultin the significant disruptionof
aquaticcommunities. The effectsofpredationon endemic species and/or competition for food
andbreeding habitat between nonindigenous and nativefish species canresultin drastic declines
in, oreven the elimination of, the nativefish fauna,including the species necessary for the
Appalachianelktoeand other endemicmusselsto completetheirreproductive cycles.

Predation may alsoposea threat to the continued existenceof the Appalachianelktoe. Shellsof
the Appalachian elktoe are often found inmuskratmiddens along the reachoftheLittle
Tennessee River where the speciesstill exists and occasionally in middens along the Nolichucky
River. The speciesalsois presumablyconsumed by other mammals,suchas racoon andmink.
While predationis not thoughtto be a significant threat to a healthymusselpopulation, it could,
assuggestedby NevesandOdum (1989), limit the recoveryofendangered mussel species or
contribute to thelocal extirpationof mussel populations already depletedby otherfactors.
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PART II

RECOVERY

A. RecoveryObjectives

Theimmediategoalofthis recovery planis to maintain the only knownsurviving
populationsofA. ravenelianaandto protectits remaininghabitatfrom presentand
foreseeable threats. There areonly two knownsurvivingpopulationsofthis species--onein a
short reachoftheLittle Tennessee River inNorthCarolina and one in a short reachofthe
upperNolichuckyRiver system inNorthCarolina, extendinga short distanceinto Tennessee.
Lackofproper protection and managementofthese populations will precluderecoveryofthe
Appalachian elktoe and will ultimately lead to thespecies’extinction.

The intermediategoalofthis recovery planis to restore and maintainA. raveneliana
throughout a significant portionofits historicrangein theLittle Tennessee, FrenchBroad,
andNolichuckyRiver systemsandto downlist the species from endangered to threatened
status.

Though the ultimate goalis to recoverthe species to thepointwhere it can be removed from
the Federal ListofEndangered and Threatened Wildlife andPlants,full recoveryofthe
Appalachianelktoemay not bepossible.The speciesappears to have a very restricted
distribution,and muchofthe habitat within its known historic range may not besuitablefor
reintroductions.

The Appalachianelktoewill be consideredfor downlisting tothreatenedstatuswhenthe
likelihood ofthespecies’becoming extinct in the foreseeablefuturehasbeeneliminatedby
achievementofthe followingcriteria:

1. Through protectionof existingpopulationsandthroughsuccessfulestablishmentof
reintroduced populationsorthe discoveryofadditional populations,a totaloffour distinct
viable populationsexist. A viablepopulationis defined as a naturally reproducing
population thatis largeenoughto maintain sufficientgeneticvariation toenableit to
evolveandrespond tonaturalenvironmentalchanges.The numberofindividuals needed
to reach a viable population will be determined as oneof the recoverytasks. These four
populationsshallbe distributed throughout thespecies’historic range, with at leastone
eachin theLittle Tennessee, FrenchBroad,and Nolichucky Riversystems.Also, these
populations must beextensiveenough that itis unlikely that a single event would
eliminateorsignificantly reduceoneormoreofthesepopulations.

2. Three distinct naturally reproduced year classes exist within eachofthefourpopulations.
Oneof these year classes musthave been produced within the3 years prior to the time the
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speciesis reclassifiedfrom endangeredto threatened. Within the yearprior to the
downlisting date, gravidfemalesand hostfish must be present ineachpopulated river
and/or stream reach.

3. Biological and ecological studies have beencompletedandanyrequiredrecovery
measuresdevelopedand implemented from these studies are beginning to show signsof
success, as evidencedby anincreasein population density and/or an increase in the length
of the river reach inhabitedby eachofthefourpopulations.

4. Where habitathasbeen degraded, noticeable improvements in water andstratumquality
haveoccurred.

5. Eachofthesefourpopulations andtheirhabitats are protected from anypresentand
foreseeablethreatsthatwould jeopardizetheircontinued existence.

6. All fourpopulations remain stableor increaseover aperiodof 10 to 15 years.

The Appalachian elktoe will beconsideredfor removal from Endangered Species Act
protectionwhenthe likelihoodofthespecies’becomingthreatenedin the foreseeable future
has been eliminated by the achievementofthe followingcriteria:

1. Through protectionofexistingpopulations and throughsuccessfulestablishmentof
reintroduced populationsorthe discoveryof additionalpopulations,a totalof six distinct
viablepopulations exist. These populations shall be distributedthroughoutthe species’
historic range, with atleastoneeach in theLittle Tennessee, FrenchBroad,and
NolichuckyRiver systems.Also, these populations must be extensive enough that it
would be unlikely that a single eventwould eliminate orsignificantly reduce one or more
ofthem.

2. Three distinct naturally reproduced year classes exist within eachofthesix populations.
Oneof these year classes must have been produced within the5 years prior to the recovery
dateand another year class within the3 years prior to the recovery date. Within the year
prior to the recovery date, gravid femalesandhost fish mustbe presentin each river.

3. Studiesofthemussel’sbiological andecologicalrequirements have beencompletedand
recovery measures developedand implemented from these studies have beensuccessful,
as evidencedby an increasein population density and/or an increasein the lengthofthe
river reach inhabitedby eachof thesesix populations.

4. Where habitathasbeen degraded, noticeable improvements inwaterandstratum quality
have occurred.
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5. Eachofthesesix populations andtheirhabitats are protectedfrom anypresentand
foreseeablethreats thatwould jeopardizetheircontinued existence.

6. All six of thepopulationsremain stable orincreaseover a periodof 10 to 15 years.
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C. Narrative Outline

1. Maintain theexistingpopulationsand habitatof the Appalachianelktoe. At presentthere
areonly two known surviving populationsofA. raveneliana--onein a relatively short
reachof theLittle Tennessee River inSwainand Macon Counties,NorthCarolina,and
one in arelatively short reachof the upperNolichuckyRiver systemin Yanceyand
Mitchell Counties,NorthCarolina,extending a short distance into UnicoiCounty,
Tennessee.If thespeciesis to surviveand expand its range,protectionoftheexisting
populations and remaining areasofsuitable habitatis vital. Unless immediatestepsare
takento stop the declineofthe species and protect and secure these relict populations, the
species willlikely be extinct in the near future.

1.1 Utilize existing legislationandregulations (Federal Endan2ered SpeciesAct. Federal
and Statewater quality regulations. stream alteration regulations.surface mining
laws. etc.)to protect the speciesandits habitat. Prior to and during implementation
ofthis recovery plan, the present populations canbe protected only by the full
enforcementofexisting laws and regulations. Unless thisobjectiveis met, any
recoveryactivitieswould be essentially moot. Habitatandwater quality degradation
have severely reduced thespecies’range and continue tothreatenthe only remaining
populations. Complete compliance with FederalandStatelaws and regulations
designed to protect water and habitatquality must be ensuredif the Appalachian
elktoeis to survive.

1.2 Work with appropriate Federal andStateregulatorv andreviewagencies toidentify
andassessprojects and/oractivities that could have negative effectson thespecies
andto ensureincorporationofmeasuresfor protecting the species andits habitat into
suchactivities. ThroughSection7 of the Endangered Species Act, the Fish and
Wildlife Coordination Act, Clean Water Act, etc., Federal andStateregulatoryand
reviewagenciesmust work together to carefully evaluate and identify actionsand
activities that could potentially have an adverseeffect on the species andits habitat.
Onceimpacts have been identified, regulatory and/or permitting agencies mustbe
encouragedto utilize theirauthoritiesto ensurethat the species andits habitatare
adequately protectedfrom suchactivities.

1.3 Solicit help in protectingandenhancingthe speciesandits essential habitat.The
assistance andsupportofconservation groups,local governments, and regionaland
local planners will beessentialin meeting the goalofrecovering the Appalachian
elktoe. Also, thesupportof local industrial,business, silvicultural andagricultural
communities, as wellaslocal residents, willbe needed.Construction,forestry,and
agricultural “best managementpractices”must be implementedby all landowners,
and National Pollution DischargeEliminationSystem Permit compliance mustbe
encouragedandenforced. Local land-use planningis needed to protect water
resources, and individuals needto be informed as to why and how theyshouldprotect
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creeksandrivers. Effortssuch as theService’sPartnersfor Wildlife Program and
programs offered through Federal andStatedepartmentsofagriculture mustbe
utilized to encourageandassistlandownerswith the restorationofdegraded areas that
are contributing to sedimentationorwater pollution problems. Without a
commitmentfrom thelocal people who havean influence onhabitatquality in the
streams inhabitedby the species, recoveryefforts will be metwith little success.

1.3.1 Meet with local governmentofficials andregionalandlocal planners to inform
themofourDlansto attemptrecovervandsolicit theirsupportforprotectionof
the speciesandits essentialhabitat

.

1.3.2 Meet with local business, farming. logging.mining, and industry interestsand
elicit theirsupportin implementing protective actions

.

1.3.3 Develop aneducationalprogramusingsuchitemsas slide/tapeshows

.

brochures.etc. Present thismaterialto business andindustrial groups.civic
2roups. schools.churchorganizations.etc. Educationalmaterial outlining the
recovery goalsandemphasizingthe benefitsofmaintainingand upgrading
habitat quality willbe extremelyusefulin informing thepublic ofouractions
and implementing Tasks1.3.1and 1.3.2above.

1.4 Encourage the establishmentofmusselsanctuaries,protectivewaterquality
designations.stream bufferzones.andotherprotectionstrategiesas ameans ot
protecting presentandreintroducedpopulations.The Serviceshouldwork with the
EnvironmentalProtectionAgencyandappropriateStateagenciesin NorthCarolina
andTennessee to havespecialstatus assigned to river reaches inhabitedby thespecies
thatwould provideincreasedprotection to the Appalachian elktoe and the qualityof
the riversin which it survives.

2. Determine threatsto thespecies.conduct research necessarvfor thespecies’management
and recoverv.and implementmanagement whereneeded

.

2.1 Conduct life historv researchon the species(reproduction.food habits. ageand
growth. andmortality rates) andcharacterizethespecies’habitat requirements
(relevant physical.biological, and chemicalcomponents)for all life history stages

.

Researchshouldbe doneto determine the time and durationof the spawningseason,
when fertilizationoccurs,how long glochidia are heldin thefemales’marsupia, and
thetime of year they arereleased.Fertilization ratesshouldalsobe investigated.
While thereis someinformationindicatingthat the banded sculpin serves as afish
host to the Appalachianelktoe,furtherstudiesarenecessaryto determineif otherfish
species mayalsoserveas hosts to theelktoe’sglochidia and thestatusoffish host(s)
species within themussel’srange. Detailed knowledgeofthe habitat requirementsof
the species; community structuresofassociatedmusseland fish species; and how

11



these bioticandabiotic factors affect reproduction, growth, and mortality ratesof the
Appalachian elktoeis neededin order to focus management andrecoveryefforts on
specificproblems within thespecies’habitat. Unlessthe life cycle andenvironmental
requirementsof all life historystagesofthe species are defined,recoveryefforts may
be inconsequentialormisdirected.

2.2 Identify and eliminatecurrentandfuture threats to thespecies’survival. Water
quality andhabitatdegradationresultingfrom siltation and other pollutants from
numerouspointand nonpoint sources appear tobe majorfactors in the reductionof
thespecies’range. The natureofand mechanismsby which these and otherfactors
impact the species are not entirelyunderstood.The extent to which the speciescan
withstandtheseadverse impactsis unknown. To minimize and eliminate these threats
(wherenecessary to meet recovery), the information gathered in Task2.1 mustbe
utilized to target and correctspecificproblemareasand determine thespecific
causativeagent(s).

2.3 Investigate relationships with nonnativebivalvesandpreventtheir
introduction/spread.Ofconcern among malacologistsis the potential effectofthe
introducedAsiatic clam(Corbiculafluminea)andthe zebra mussel(Dreissena
polymorpha)on native freshwatermussels. Introductionsofnonindigenousfish may
alsoposea significant threat the Appalachianelktoe. The relationshipbetweenthese
nonindigenousspecies and the native faunashouldbethoroughlyinvestigated, and
measuresshouldbe implemented(where feasible) toprevent and/orminimize their
expansionandimpact.

2.4 Basedon the biologicaldataandthreat analysis,investigatethe needfor management

.

includinghabitatimprovement. Implementmanagement whereneededto secure
viablepopulations. Specificcomponentsofthe Appalachianelktoe’shabitator
biological needs maybe lacking,and this may limit thespecies’potentialexpansion.
Habitat improvement programs may be neededto alleviate limitingfactors.

2.5 Determine the numberofindividuals required tomaintainaviable populationandthe
geneticviability ofexistingpopulations.Long-term managementofAppalachian
elktoe populations will require knowledgeofthe genetic compositionof each
population, thenumberof individuals necessary to maintain geneticviability, andan
understandingof the factors thataffectviability. Suchstudies shoulddevelop and use
techniques that minimize the sacrificeofindividualsfrom natural populations
(examples include salvageandanalysisof individuals killed incidentally orcollected
from freshmuskrat middens, nonlethal analysisof individuals usingsmallexcised
tissue samples,productionof an experimental cultured population, and development
of suchtechniquesusing more common surrogatespecies).
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3. Searchfor additional populationsand/orhabitatsuitablefor reintroductionefforts

.

Distributional studiesofthis specieshave been completed. However, itis possible that
somerelic populationsweremissed,andfurtherstudymay yieldadditional populations
and/orsuitablehabitat forreintroductions.Also, surveys are needed to recordandmonitor
any future rangereductionsor expansions.

4. Determine thefeasibilityofaugmenting extantpopulations and reestablishingpopulations
within thespecies’historicrangeandreintroducewherefeasible. Presently there areonly
two known remainingpopulationsof the Appalachian elktoe--theLittle Tennessee River
andNolichuckyRiverpopulations.For thespeciesto survive,it may be necessary at
somepointin the future for thesepopulationsto besupplementedto enable them to reach
or maintain a viablesize. Also, recoveryofthe Appalachian elktoecannotbe achieved
without the reestablishmentofthe speciesthroughouta significantportionof its historic
range,andtheremaybe areas within thespecies’historic range that couldsupport
reestablishedpopulations.Because the majorityofthe areas from which thespecieshas
been eliminated are isolatedfrom existingpopulations,natural reestablishmentofthese
areasby the speciesis impossibleand will require human assistance. However, before
reintroduction activities can becarriedout with any confidence that they can be
successful, additionalresearchis necessary to determine the rangeof environmental
requirementsofthespeciesandsuccessfultechniquesforreintroducing it. Further,
artificial propagationofthe species maybe necessary in order to obtain sufficient numbers
ofthe speciesfor successfulreintroductions.It appears that theexistingpopulations,
especially theNolichuckyRiver population,are toosmall to supportreintroductions.

4.1 Determine the need.appropriateness.and feasibility of augmenting and expanding
existingpopulations. TheNolichuckyRiver populationofthe species maybe able to
expand naturallyif environmentalconditionsare improved andmaintained.
However, theLittle Tennessee River populationis sandwiched between two
reservoirsandpresentlyhas nopotentialfor expansion except within presently
unsuitableareaswithin the river reach and its tributariesbetweenthese tworeservoirs.
It may be necessary atsomepoint in the future tosupplementbothofthese
populationsin orderfor themto continue tosurviveand/or reach and maintain a
viablesize. Implementationof this task willbe basedon population size, habitat
quality, andthe likelihoodoflong-termbenefits.

4.2 Develop asuccessfultechnique forreestablishingandaugmentingpopulations. It is
likely thatsufficient specimensoftheAppalachianelktoe are notcurrently available
to allow for the translocationof enoughindividualsofthe species to reestablishviable
populations.Thereis an immediateand urgent need to develop techniques for
propagating andholdingmusselsfor prolonged periodsandrearingjuvenilesto a size
andage at which they canbe successfullytransplanted.Reintroduction techniques
mustalsobe developedto ensure success.
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4.3 Coordinate with appropriate Federal andStateagency personnel.local governments

.

and interested partiesto identify habitatsuitablefor augmentation and reintroductions
and thosesitesmost easily protected from future threats

.

4.4 Auamentexistingpopulations where needed. establishnewpopulationswithin the
species’historic range. and evaluatesuccess.Using the techniquesdevelopedin
Task4.2, introduce and monitorsuccess.

4.5 Implementthe sameprotectivemeasures for any introduced populations as outlined
for establishedpopulations

.

5. Developandimplement cryogenic techniques to preserve thespecies’genetic material
until such time asconditionsare suitablefor reintroduction.In the future, artificial
propagation techniques may be able to providejuvenilemusselsfor transplants. At this
time, however,artificial propagation techniques have meet with only limited success.
Also, habitatconditionswithin the species’historic range may not be suitablefor
reintroductionto succeed. Cryogenic preservationofthe Appalachian elktoe could
maintain genetic material fromall the extant populations (much like seed banks for
endangered plants)until successfulpropagation techniques havebeendeveloped and
habitatis suitablefor reestablishmentofthespecies.Additionally, if a population were
lost to a catastrophic event,suchas a toxicchemicalspill, cryogenic preservation could,if
the techniques can bedeveloped,allow for the eventualreestablishmentofthe population
usinggenetic material preserved from thatpopulation.

6. Develop and implement aprogram to monitor population levels andhabitatconditionsof
existingpopulations. as well as newly discovered.introduced,or expandingpopulations

.

During andafterrecoveryactions are implemented, thestatusofthe speciesandits habitat
must be monitored to assessany progress toward recovery. Quantitative samplesshould
betakento determinedensitiesofadults and juveniles. A concerted effortshouldbe made
to find gravidfemalesandjuveniles in order to determineif reproductionandrecruitment
are occurring. Monitoringshouldbe conductedon a biennial schedule.

7. Annually assess the overall successof the recoverv programandrecommend action
(changes in recovery objectives.delist. continue toprotect. implementnewmeasures

.

other studies.etc.). The recovery plan must be evaluated periodicallyto determineif it is
on trackandto recommend futureactions. As moreis leamed about the species and as
conditions change, recovery objectives may needto be modified.
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PART III

IMPLEMENTATION SCHEDULE

Priorities in column oneofthefollowing Implementation Schedule are assigned asfollows:

1. Priority 1 - An action thatmu~Ibetakento preventextinction or topreventthe species
from declining irreversiblyin thef~bk future.

2. Priority 2 - An action that must betakento preventa significant decline in species
population/habitatquality orsome other significant negative impact shortofextinction.

3. Priority 3 - All otheractionsnecessary to meet the recovery objective.

Key to Acronyms Usedin This Implementation Schedule

COE - U.S. Army CorpsofEngineers
EPA - U.S. Environmental Protection Agency
TE - Endangered Species DivisionoftheU.S. Fish and Wildlife Service
FS - U.S. ForestService
FWS - U.S. Fishand Wildlife Service
LE - Law EnforcementDivision oftheU.S. Fishand Wildlife Service
R4 - Region4 (Southeast Region),U.S. FishandWildlife Service
NRCS - U.S. Natural Resources Conservation Service
SCA - StateConservation Agencies- In NorthCarolina, these are theNorthCarolina

Departmentof Agriculture;NorthCarolina DepartmentofEnvironment, Health, and
NaturalResources;NorthCarolina DivisionofParks and Recreation, andNorth
Carolina WildlifeResourcesCommission. In Tennessee, the Tennessee Departmentof
EnvironmentandConservation, Tennessee WildlifeResources Agency,and Tennessee
Departmentof Agriculture.

TNC - The Nature Conservancy
TVA - Tennessee Valley Authority
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PART TV

LIST OF RECIPIENTS

The followingagencies,organizations,andindividualswere mailed copiesofthis recovery plan.
This does notimply that they provided commentsorendorsedthe contentsofthis plan.

Division Administrator
Federal Highway Administration
310NewBern Avenue,Suite410
Raleigh,NorthCarolina 27601

*Mr Steven A.Ahlstedt

U.S. Geological Survey
1820Midpark Drive
Knoxville, Tennessee37921

Ms. Chrys Baggett
TheStateClearingHouse
North Carolina DepartmentofAdministration
116 W. Jones Street
Raleigh,NorthCarolina 27611

Honorable Cass Ballenger
Houseof Representatives
Washington.DC 20515

Mr. Richard Becker
EnvironmentalOfficer
HousingandUrban Development
710 LocustStreet,SW., #300
Knoxville, Tennessee37902

Mr. GaryBeechuni
Route3, Box 451
SprucePine,NorthCarolina 28777

*Dr. ArthurE. Bogan

36 Venus Way
Sewell,NewJersey08080
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Mr. Jim Bumette,Jr.
North Carolina DepartmentofAgriculture
PesticideSection
P.O. Box27647
Raleigh,North Carolina27611

Chairman
YanceyCountyCommission
CountyCourthouse,Room11
Bumsville,NorthCarolina 28714

*Dr. Arthur Clarke

325 E. Bayview
Portland,Texas 78374

Mr. William H. Condron
PlantManager
The FeldsparCorporation
P.O. Box 99
SprucePine,NorthCarolina 28777

K-T FeldsparCorporation
P.O.Box 309
SprucePine,NorthCarolina 28777

Director
Office ofHydropower Licensing
Federal Energy RegulatoryCommission
825 NorthCapitol Street, NE.
Washington, DC20426

Director
EnvironmentalManagement Division
North Carolina DepartmentofEnvironment, Health,
andNaturalResources

Archdale Building
512 North SalisburyStreet
Raleigh,NorthCarolina 27611
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*Director

MuseumofNatural Sciences
Agriculture Building
1 West Edenton Street
Raleigh,NorthCarolina 27611

Mitchell County EconomicDevelopmentCommission
P.O. Box 858
SprucePine,NorthCarolina 28777

*Mr. RandyC. Wilson, SectionManager

NongameandEndangered Wildlife Program
North Carolina WildlifeResourcesCommission
P.O.Box 118
Northside,NorthCarolina 27564

Program Manager
Division of Boatingand InlandFisheries
North Carolina WildlifeResourcesCommission
ArchdaleBuilding
512N. SalisburyStreet
Raleigh,NorthCarolina 27604-1188

Mr. JohnGeddie
8040BellamahCourt,NE.
Albuquerque, New Mexico87110

*Mr. ElbertT. Gill, Jr.

Tennessee DepartmentofEnvironmentandConservation
401 Church Street
8th Floor,L&C Tower
Nashville, Tennessee 37243-0447

*Mr. Reginald Reeves, Director

EndangeredSpecies Division
Tennessee DepartmentofEnvironmentandConservation
401 Church Street
8th Floor, L&C Tower
Nashville, Tennessee37243-0447
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Honorable Jesse Helms
UnitedStatesSenate
Washington, DC20515-3301

Mr. Dave Holland
HECLA Mining Company
6500 MineralDrive
Coerd’alene,Idaho 83814-1934

Mr. Buddy L. Jackson,Director
AtlantaSupportOffice
U.S. DepartmentofEnergy
730 Peachtree Street,NE.,Suite876
Atlanta, Georgia30308

*Mr Joe Jacob

TheNatureConservancy
SoutheastRegionalOffice
P.O. Box2267
Chapel Hill,NorthCarolina 27514

Mr. JuliusT. Johnson
DirectorofPublic Affairs
TennesseeFarm Bureau Federation
P.O. Box 313
Columbia,Tennessee38401

*Dr. Eugene Keferl

DepartmentofNaturalScience
BrunswickJunior College
Brunswick, Georgia31523

Lt. Col. John Whisler
U.S. Army CorpsofEngineers
NashvilleDistrict
P.O. Box 1070
Nashville, Tennessee 37202-1070
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*Dr. JamesLayzer

U.S. Fish andWildlife Service
TennesseeCooperativeFisheryResearchUnit
TennesseeTechnologicalUniversity
Box 5114
Cookeville,Tennessee38505

Mitchell County Manager
P.O. Box409
Bakersyille,NorthCarolina 28705

Swain CountyManager
CountyAdministrationBuilding
Mitchell Street
BrysonCity, NorthCarolina 28713

MaconCountyManager
CountyCourthouse
5 W. Main Street
Franklin,NorthCarolina 28734

YanceyCountyManager
CountyCourthouse,Room11
Burnsville,NorthCarolina 28714

Mr. JoeMcKmnney
Town Manager
TownofSprucePine
P.O.Box 189
SprucePine, North Carolina28777

*Dr. William McLarney

1176Bryson City Road
Franidin, North Carolina28734

Mr. GeorgeC. Miller, Director
Knoxville Field Office
Office of SurfaceMining
ReclamationandEnforcement
530 Gay Street, Suite500
Knoxville, Tennessee37902
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*Mr. Gary Myers, ExecutiveDirector

Tennessee Wildlife Resources Agency
Ellington Agricultural Center
P.O. Box 40747
Nashville,Tennessee37204

*Mr RobertHatcher

Tennessee WildlifeResourcesAgency
Ellington AgriculturalCenter
P.O. Box40747
Nashville, Tennessee37204

Mr. EdwardU. Oakley
Division Administrator
Federal HighwayAdministration
249 Cumberland BendDrive
Nashville, Tennessee37228

*Dr Paul W. Parmalee

Departmentof Anthropology
The UniversityofTennessee
Knoxville, Tennessee37916

Mr. JackE. Ravan
RegionalAdministrator
Environmental Protection Agency
345 Courtland Street, NE.
Atlanta,Georgia 30365

*Dr. William H. Redmond

RegionalNatural Heritage Project
Tennessee Valley Authority
Norris, Tennessee37828

Ms. BarbaraRiley
StaffAttorney
NorthCarolina GeneralAssembly
Legislative Services Office
LegislativeOffice Building
300N. SalisburyStreet
Raleigh,NorthCarolina 27603-5925
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Mr. R. SamuelHunt III
Secretary
NorthCarolina DepartmentofTransportation
P.O.Box 25201
Raleigh,North Carolina27611-5201

Mr. M. Paul Schmierbach,Manager
EnvironmentalQuality
Tennessee Valley Authority
Room201, Summer PlaceBuilding
Knoxville, Tennessee37902

Mr. Jerry Lee
U.S.NaturalResourcesConservation Service
U.S. Court House, Room675
801 Broadway
Nashville, Tennessee37203

*Ms Katherine Skinner,Director

The NatureConservancy
North Carolina Chapter
4011 UniversityDrive, Suite201
Durham,NorthCarolina 27707

Mr. Bill Slagle
Vice-Chairman
Mitchell CountyBoardof Commissioners
P.O. Box409
Bakersyille,North Carolina28705

U.S. GeologicalSurvey, WRD/SR
SpaldingWoodsOfficePark - Suite160
3850HolcombBridge Road
Norcross,Georgia 30092-2202

*Dr. David H. Stansbery

Ohio StateUniversity
MuseumofBiological Diversity
1315 KmnnearRoad
Columbus,Ohio 43212-1192
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Mr. Charles Stover
RegionalGeneral Manager
Unimin; QuartzOperation
P.O.Box 588
SprucePine,NorthCarolina 28777

Mr. Miles Tager
P.O.Box 965
Asheville,NorthCarolina 28802

Mr. Gregg Thompson
StateRepresentative
46thDistrict
412 HemlockAvenue
SprucePine,NorthCarolina 28777

Honorable CharlesH. Taylor
HouseofRepresentatives
Washington, DC20515-3311

ColonelRobert J.Sperberg
District Engineer
U.S. Army Corpsof Engineers
P.O. Box 1890
Wilmington, NorthCarolina 28401-1890

Mr. GerryDinkins
Roy F. Weston,Inc.
SuiteC102
704 SouthIllinois
OakRidge, Tennessee 37830-7976

Mr. RichardYates
HarrisEnvironmentalCenter
P.O. Box327
NewHill, NorthCarolina 27562

Environmental ProtectionAgency
HazardEvaluationDivision - EEB (T5769C)
401 M Street,SW.
Washington, DC20460
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Project Manager (7507C)
EnvironmentalProtectionAgency
EndangeredSpeciesProtection Program
EnvironmentalFateandEffects Division
OfficeofPesticide Programs
401 M Street,SW.
Washington,DC 20460

Ms. Alice L. Gustin
Publisher/Editor
LandUse Chronicle
P.O. Box468
Riverton, Wyoming 82501

*The NatureConservancy

EasternRegionalOffice
201 DevonshireStreet, 5th Floor
Boston,Massachusetts02110

*The NatureConservancy

2002Richard JonesRoad,Suite304-C
Nashville, Tennessee37215

*The NatureConservancy

1815N. Lynn Street
Arlington, Virginia 22209

Mr. Rich Owings
NorthCarolina Arboretum
P.O. Box6617
Asheville,NorthCarolina 28816

Ms. DebraOwen
NorthCarolina DepartmentofEnvironment, Health,
and NaturalResources

WaterQuality Section
4401 Reedy Creek Road
Raleigh,North Carolina27607
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*Ms. LindaPearsall,Director

NorthCarolina Departmentof Environment, Health,
andNaturalResources

Division ofParks andRecreation
NaturalHeritageProgram
P.O. Box 27687
Raleigh,NorthCarolina 27611

*Dr. GaryB. Blank

NorthCarolinaStateUniversity
Box 8002
Raleigh,NorthCarolina 27695-8002

Mr. Alan Smith
P.O. Box 887
Mars Hill, NorthCarolina 28754

U.S. Forest Service
Wildlife, Fisheries,andRange
1720PeachtreeRoad,NW.
Atlanta,Georgia 30367

Traffic U.S.A.
World Wildlife Fund
125024th Street, NW., Suite500
Washington, DC20037

Mr. Adam Ayers
Geraghtyand Miller
2840Plaza Place, Suite350
Raleigh,NorthCarolina 27612

Mr. FredC. Schmidt
Head,Documents Department- KW
TheLibraries
ColoradoStateUniversity
Fort Collins, Colorado 80523-1019

*Mr. Jim Herrig

U.S. ForestService
Cherokee NationalForest
P.O. Box 2010
Cleveland,Tennessee37320
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*Ms. JeanneRiley

U.S. ForestService
Cheoah RangerDistrict
Route1, Box 16-A
Robbinsville,NorthCarolina 28771

*Ms. Sheryl Bryan

U.S. Forest Service
ToecaneRangerDistrict
P.O.Box 128
U.S. 19 Bypass
Bumsville,NorthCarolina28714

*Ms. Leigh AnnMcDougal

U.S. Forest Service
Blacksburg RangerDistrict
110 SouthparkDrive
Blacksburg,Virginia 24060-6648

Mr. CharlesP. Nicholson
Tennessee Valley Authority
400 WestSummitHill Drive
Knoxville, Tennessee3 7902-1499

Dr. U. ThomasWatters
Aquatic EcologyLaboratory
Ohio StateUniversity
1314KmnnearRoad
Columbus,Ohio 43212

Fish and WildlifeReferenceService
5430Grosvenor Lane, Suite110
Bethesda, Maryland20814

Dr. Harriet Gillett
World Conservation Monitoring Centre
219 HuntingdonRoad
CambridgeCB3 ODL
UnitedKingdom

*IndependentPeer Reviewers
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