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EXECUTIVE SUMMARY
Clubshell andNorthern Riffleshell Draft RecoveryPlan

CURRENTSTATUS:The clubshell (Pleurobeinackwa) and northernriffleshell (EpiobLasi’na torulosa
rangiana) wereoncewidespreadthroughoutmostof the Ohio River andMaumeeriver drainages,and
the clubshell appearsto havebeenvery common. Both speciesnow exist in eight to ten isolated
populationseach,most of which are small and peripheral. The largestremainingpopulationof the
clubshell is in the TippecanoeRiver of Indiana; that of the northernriffleshell is in FrenchCreek,
Pennsylvania. The clubshell and northern riffleshell are threatenedby runoff and channelization,
domesticandcommercialpollution,in-streamsandandgravelmining,impoundment,andzebra/quagga
musselinfestation. Both specieswereFederally listed asendangeredin February 1993.

HABITAT REQUIREMENTSAND LIMITING FACTORS: The clubshell is found in clean,coarse
sand and gravel in runs, often just downstreamof a riffle. It cannottolerate mud or slackwater
conditions, and is verysusceptibleto siltation. The riffleshel] also occursin packedsandandgravelin
riffles andruns. Morespecificbiology of thesespecieslargely is unknown,althoughgeneralaccounts
of unionid biology may be applicable.

RECOVERYOBJECTIVES:Theprimaryobjectiveof therecoveryprogramis to maintainandrestore
viable populationsof both.speciesto~ a significant portion of their historical range,therebyenabling
reclassificationandeventualdelisting.

RECOVERYCRITERIA: To reclassify viable populationsmustbe establishedin 10 drainagesfor
eachspecies;thesepopulationsshouldinclude both peripheraland central populationsto maintain
whateverfractionof original geneticvariability is left. To delist, eachof theabove20populationsmust
beextensiveandabundantenougJ~to surviveasingleadverseecologicalevent,andthepopulationsand
their drainagesmustbe permanentlyprotectedfrom all foreseeablethreats.

ACTIONS NEEDED:

1. Initiate andparticipatein ecosystemconservationefforts.
2. Protectandmanagemusselpopulationsand their habitaton asite-specificbasis.
3. Collectdataonbothspeciesthat arenecessaryfor their recovery.
4. As needed,restorehabitatsandreintroducethe speciesto suitableareas~
5. Enlist public supportfor the recoveryprocessthroughanoutreachprogramand incentives.

ESTIMATED COSTS (in thousands):

NEED 1 NEED 2 NEED 3 NEED 4 NEED 5 TOTAL

FYi 87 110 30 10 237
FY2 72 110 112 17 311
FY3 66 110 112 60 9 357
FY4-25 300 675 60 670 112 1817

TOTAL 525 1005 314 730 148 2722

DATE OF RECOVERY: Contingenton implementing
anticipatedby the year2020.

recoverytasks on schedulerfull recoveryis



4 4 4 4 4

Thefollowing recoveryplan delineatesactionsrequiredto recoverand/orprotectthe
endangeredclubshell (Pleuraberna clava) and northern riffleshell (Epioblosma tondosa

rangiana). Attainment of recovery objectives and availability of funds will be subject to

budgetaryandother constraintsaffecting the parties involved, aswell as the needto address

other priorities.

This approvedplan hasbeenpreparedthrough contractwith G. ThomasWatters of

the Ohio Departmentof Natural Resources,with input from other resourceexpertsand

cooperators. The documentdoes not, however,necessarilyrepresentthe views or official

positionof anyindividualsor agenciesinvolved in its formulation,otherthanthe U.S. Fishand

Wildlife Service. Approved recoveryplans are subjectto modification as dictatedby new

findings, changesin speciesstatus,and the completionof recoverytasks.

Literaturecitations shouldreadas follows:

U.S.Fish andWildlife Service. 1994. Clubshell(Pleurobemaclava) andNorthernRiffleshell
(Epioblasmatondosarangiana) RecoveryPlan. Hadley, Massachusetts.68 pp.

Additional copiesof this plancanbe purchasedfrom:

FishandWildlife ReferenceService
5430GrosvenorLane,Suite110
Bethesda,Maxyland 20814
301/492-6403 or 1-800-582-3421

Cost variesaccordingto numberof pages.
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PART I: INTRODUCTION

The clubshell (Pleurabema clava) and northern riffleshell (Epioblasma torulosa

rangiana)were listed as endangeredspecieson 22 February1993 (50 CER 17). Both were

widespreadthroughoutmostof the Ohio River and MaumeeRiver drainagesprior to 1800.

The clubshellwas apparentlyverycommon. Thesespeciesnow exist in eight to ten isolated

populationseach,most of which are small and peripheral. The largest remainingclubsheLl

population is in the TippecanocRiver of Indiana, and that of thc northern riffleshell is in

French Creek, Pennsylvania. Both speciesare threatenedby runoff and channelization,

domesticand commercialpollution, in-streamsand and gravel mining, impoundment,and

zebra/quaggamusselinfestation.

DESCRIPTIONAND TAXONOMY

PLEUROBEMACLAVA

Theclubshellwasdescribedby Lamarckin 1819asUnjo clava, from a specimensent

to him labeled“Lake Erie.” Simpson(1900:737) believedthis specieswas “one of the most

striking of North AmericanUniones.” The clubshell usually is easy to identify1 evenfrom

fragments,within mostof its range (Figure 1).

Basedon growthannuli, theclubshellmay live for 20 yearsor more. Shellsgrow to

about3 inchesin length,averaging1 to 1.5 inch. It is relativelylight whenjuvenile,becoming

more massivewith age. Umbos areprominent,placed far anterior,sometimesprojecting

beyondthe anteriormarginof the shell lip, and becomemore anteriorlyplacedwith age.

Thereis no sexualdimorphismin theshell,which is distinctly trigonalor wedgeshaped(the

specificnameciava is from theLatin for “club”). Mostspecimensaredistinctly longerthan

high, although there is greatvariation in this feature. A sulcus may be presentin old

individuals. Beak sculptureconsistsof a series of small, weak nodeson the dorsal ridge,

usuallyerodedawayexceptin the youngestspecimens.The shell is colored straw-yellowor

light brown,with distinct green rays. The rays maybe thick blotchesor thin lines, usually

interruptedat growth lines, andmay becomeobsoleteon old individuals.



Figure 1.
Pieitrobetna clava (Lamarck, I 8 19)
After Call (1882)

Male, after Conrad(1836)

Female,afterLea(1838)

Figure 2.
Epioblasmawrulosarcmgiana(Lea, 1837)
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Thehinge and teetharewell developed,with a long, slightly archedlateralandshort,
chunky cardinals. Thebeakcavity is shallow and open. The nacreis white, tending to be

iridescentposteriorly,particularly in juveniles.

Lea (1863) and Ortmann(1912) describedthesoft parts; Ortmann’scommentsare

repeatedhere(jp. 264, 265 ):

“Anatomy like that of the otherspeciesof Pleuroberna. It should be

mentionedthat the mantle-connectionbetweenthe anal and supra-analis

rathershort,and was alwaysfound present.The anal is ratherdistinctly, but

finely, papillose. Posterior margins of palpi connectedonly for a short

distance.

The outer gills alone are marsupial, and the placent~ are rather

distinct. Glochidia of smallsize,subovate,without hooks. Their length and

heightis about the same,0.16 mm.

Color of soft partswhitish, with foot andgills grayish,and the margin

of-the mantleblackposteriorly. In otherspecimensthefoot is paleorange,as

arealsothe marginsof themantleandadductors.Thegills aregrayishbrown.

There areall intergradesbetweentheseextremes. The placent~arewhite,

cream-color,or paleorange.”

This speciesis difficult to separatefrom the Cumberlandiananalog Pleurobema

oviforme,which mayrepresenta set of sibling taxa. Specimensfrom the Cumberlandand

lower TennesseeRivers are virtually indistinguishablefrom somenortherndava, and may

representthat species. However, P. ef. ovifonne is extirpatedfrom much of that region,
althoughit still exists in the Duck River andtributaries (Little SouthFork, Buck Creek,

RockcastleRiver system,andothers)of the upperCumberlandRiver (R. Anderson,Indiana

Departmentof NaturalResources,in ha. 15 December1993).

EPIOBIASMATORULOSARANGIANA

Lea(1837)describedthisspecies,namedaftertheFrenchmalacologistSanderRang,
basedon a femaleshell (Figure2). Hegavethetype locality as“Ohio River,nearCincinnati”

and“nearPoland,Ohio.” The latter is on Yellow Creekof the MahoningRiver. Therehas

beenconsiderableconfusionas to the nameof this andclosely related taxa.. Many authors

haveconsideredit a headwaterform or subspeciesof Epioblasmatondosatondosa,and it is

so listedby the U.S.FishandWildlife Service.Othersconsiderit a distinct headwaterspecies
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(D. Stansbery,Ohio StateUniversity Museum of Zoology, pers.comm. 10 August 1993).

Olderrecordsmayrefer to this taxonas delicata or peiplexa,but thesenamesfrequentlywere

usedfor otherspeciesas well. Johnson(1978: 261) erroneouslysynonymizedperobliqunwith

this group, having based his decisionon the wrong illustration. His commentsrefer to

Conrad’s(1836) figure 1 (torulosa),not figure 2 (perobliqua). This taxon alsomay be listed

underthe generaDysnomia,Tiuncilla, or Plagiola.

Basedon growth annuli, thenorthernriffleshell maylive for 15 yearsor more. Shells

grow to about3 inchesin length, averaging1.5 inches,and are relatively light but sturdy.

Umbosare placedapproximately1/4 to 1/3 back from the anterior margin. The shells are

distinctly sexuallydimorphic.

The malesaretwice as long as high with a distinct suleus. The areajust precedingthe

sulcusis raised,oftenwith veryweakundulationscorrespondingto growth annul The dorsal

slope endsin a bluntedpoint at the posterior margin at abouthalf the height of the shell.

Umbosarelow but distinct. Beak~culptureconsistsof aseriesof doubleloops,usuallyeroded

awayexceptin the youngestspecimens.The beakcavity is shallowandopen. The shell is

coloredstraw-yellow,light brown,or greenish,with distinct darkgreenrays. The raysarethin

lines,not interruptedat growth lines, and persistonto old individuals.

The male hinge and teetharedistinct, with a long, nearlystraightlateral, andsmall

chunkycardinals. The nacreis white, iridescentposteriorly.

The femaleshell is greatlyexpandedposteriorly; however,the degreeof inflation is
variable. This expansionbeginsto appearon the shellby the third year. Youngerfemale

shellsresemblemaleshells. The growthannuli oftenform coarseconcentricundulationsover

theexpansion.Theperiostracummayprojectpasttheshell marginsin theexpandedareaand

is frequentlythin andeasilybroken. Umbosandshell colorare as in the males.

The femalehinge usuallyhas distinct teeth, but thesebecomeobliteratedin some

specimens.Lateral teethareshort andslightly arched,the cardinalsshortandchunky. The

nacreis white, iridescentposteriorly. Rarespecimens(bothmaleandfemale)mayhavearose

or orangebackgroundcolor, as well asa rose-flushednacre. Thesecolorsoften fadeafter

death.

Lea (1863) andOrtmann (1912) havedescribedthe soft parts.The latter accountis

given below (pp.358, 359):
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“The marsupiumis greatlyswollen,rather low and long, not so much

deformed. Glochidia are also similar; length 0.26; height 0.23 mm., but my

measurementsare not very accurate,since all the glochidia I haveare very

young anddelicate.

In the female,the two edgesof the mantledivergegreatlyin front of

the branchial, the outer one curving outward, and forming a great, almost

semicircularlobe,with asmoothedge;while the innerone runsalmoststralght

downwardand forward; the two edgescoming togetheragainat about the

middle of the lower margin. The inneredgehascrowded,very fine papill~,

which decreaseanteriorly, and the anteriorpart of the edgeis smooth. The

spacebetweenthe two edgesis .of a peculiar spongystructure,full of what

appearas finely roundedor elongatedpores.

In the male the two edgesof the mantle are subparalleland close
together,as usual,andthe inner onehas~‘eryminute papilla~.

The color of the soft parts is generallywhitish or yellowish white.

Outer edge of mantle grayish posteriorly, in the region of the anal and

supra-analblackish,not spotted. Papill~ of branchialbrown, but this color

doesnot run forward alongthe inneredge,and the inneredgeitself and the

spongyspacebetweenthe two edgesis snow-white.”

Speciesthat may be confused with E. t. rangiana include E. t. tondosa,E. t.

,~ubemaculum,and E. obliquata perobhiqua. Somespecimensof rangiana are difficult to

separatefrom the largerriver form of subspeciestorulosa. Generally,in t. torulosa the area

immediatelyanteriorto thesulcusis distinctlyknobbed,oftenhavingacontortedappearance,

in bothsexes. It is muchsmootherandlessprominentin rangiana. The marsupialexpansion

of the shell in tondosais more posteriorlyexpandedand quite laterally compressed. This

regionin rangiana is notasposteriorlyexpandedandis oftenmorelaterallyinflated. Tondosa

often is coloredadarkbluish-green,not light brown, green,or yellow as in rangiana. Males

of Epioblas,naobhiquataperobhiquaarevery similar to rangiana males,althoughPerobhiquais
notasangular,andtheumbosareplacedmoreanteriorly. Femalesofthetwo speciesarenot

at all similar. The Cumberlandianheadwaterform or subspeciesof tondosa,gubemaculum,

alsois similar to rangiana. Themarsupialregionof thattaxonis moreexpanded,like torutosa,

but lacksthe contortedknobs. It alsois coloreddark green.
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DISTRIBUTION

Pleurobernaclava and Epioblasmatorulosa rangiana primarily are upper Ohio River
system species. Recordsfrom the lower Tennesseeand CumberlandRiver systemsare

probablyauthentic,althoughtheclubshellhasbeenconfusedwith P. oviformefrom thoserivers

(D. Stansbery,OSUMZ, pers. comm. 10 August 1993; R. Anderson, INDNR, in liu. 15

December1993). The historic andpresentrangesof both speciesareshownin Figures3-6.

Historical dataare thosefor which no living or freshdeadindividuals havebeenseenin the

pastdecade.Data for thesefigureswerederivedfrom collection recordsof the Universityof

Michigan Museum of Zoology, the Ohio State University Museum of Zoology, the Illinois

NaturalHistory Survey,WestVirginia Departmentof Narural Resources,Dr. Arthur Bogan,

the WesternPennsylvaniaConservancy,the Michigan NaturalFeaturesInventory, the Ohio

HeritageProgram,the Kentucky NaturePreservesCommission,Ecological Specialists,Inc.,

and publishedrecords. Thesemapsshow only recordswith relatively specific localities, and

somepointsmaybe approximate.A moregenerallisting, including vaguerecords,is given in

Table 1.

PLEUROBEMACLAVA

The clubshell is an Ohio River systemspeciesrecordedfrom most of the tributaries

in Kentucky, Illinois, Indiana,andOhio, as well as from more isolatedsystemsin Michigan,

Pennsylvania,andWestVirginia. Recordsof Pleurobernadava from Nebraska(Aughey1877)

and MinnesotaandIowa (Simpson 1900) are erroneous(fide Grier andMueller 1922),as is

anOttawa River record (tide La Rocque1953). Somerecordsfrom the CumberlandRiver

appearto be authentic,but othersmayrepresentPleurobernaovifomie(seeGordonandLayser

1989, Cicerelloet aL 1991). The typelocality of Lake Erie generallyhasbeenregardedas

spurious, but the University of Michigan Museumof Zoology has a specimenfrom La

PlaisanceBay, Michigan,collectedby Goodrich(no date,UMMZ 107494).

Subfossilshellsclearlyshowthatthisspecieswasoncewidespreadandabundant(Dean

1890,Watters1988a). Lemon(1898:7) statedthatit was“extremelycommon.” Although now

consideredacreekor small river species,manyrecordsfrom largerrivers suchas the Wabash

andTennesseeshow that this is a recentmisconception.

The largestextantpopulationis in the TippecanoeRiver, Indiana (Cummingsand

Berlocher 1990; Cummingset at. 1992; ESI 1992, 1993a). Surveysby ESI in 1992 and 1993

found living individualsat nine sitesfrom the mouth to the uppermostreach,a distanceof
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Table 1. Historical (H) andpresent(P) occurencesof theclubshellandnorthernrifileshell.

LakeErie

SydenliamRiver
River Raisin

HuronRiver

Detroit River

RiverRouge

Clinton River

BlackRiver

SanduskyRiver

!AauineeRiver

WabashRiver

Drainage GeneralLocality State/Province clubshell rifilesbell

LaPlaisanceBay

Bassislands
PeleeIsland

SydenhamRiver
RiverRaisin

Macon Creek
HuronRiver

Detroit River

UpperRouge

Clinton River

NB Clinton River

BlackRiver

SanduskyRiver

MaumneeRiver

BlanchardRiver

Tiffin River

St.MaiysRiver

St. JosephRiver

Netfie Creek

WestBranch

FishCreek

WabashRiver

WhiteRiver

WestFork White

Big Kilibuck Creek

EastForkWhite
Big BlueRiver

FlatRockRiver
Conxis Creek
BrandywineCreek
SugarCreek
VermilionRiver

NorthF Vennillion

SaltForkVermilion
Middle F Vennilhion

WildcatCreek

NE WildcatCreek

HMi
OH

Ontario
Ontario

Mi
Ml

Mi

MllOntaiio

Ml

Mi

Mi

Mi

OH

114, OH

OH

OH

IN
IN, MI, OH

OH

MI, OH

IN,OH

IL,IN
IN

IN

IN

IN
IN
IN
IN
IN

IN
IL
IL

IL
IL

114

IN

H
H

H
H
H

H

p

H

H

H

H (7)

H

H(IN)

H

HQN,OH)

p

H

H

H

H

H
H
H
H

H

H

H

H

H
H
H
H
p

p.
H

H

H

H

H
H
H
H

H
H
H
H

H
H

H

H
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Table 1. (cont.)

Drainage
WabashR (cont.)

Ohio River

BlueRiver

TennesseeRiver

CumberlandRiver

GreenRiver

SaltRiver

KentuckyRiver

GreatMiami River

Licking River

Little Miami River

Ohio BrushCreek

SciotoRiver

GeneralLocality
TippecanoeRiver

EelRiver

MississinewaRiver

SalamonieRiver

Ohio River
BlueRiver

TennesseeRiver
Elk River

SequatchieRiver

Nolichucky River

CumberlandRiver

RedRiver

StonesRiver

Big SouthFork

DrakesCreek

RockcastleRiver

GreenRiver

RussellCreek

BarrenRiver

DrakesCreek

NounRiver

Salt River

BrashearsCreek

BeechFork

FloydsFork

KentuckyRiver

EagleCreek

GreatMiami River

StillwaterRiver

Licking River

SouthFork

EastFork

Ohio Brush Creek

Scioto River

PaintCreek

DeerCreek

Big DarbyCreek

State/Province
IN

IN

IN

IN

IN, KY, OH, WV

IN

AL

TN

TN

TN

TN

TN

TN

TN

TN

KY

KY

KY

KY

KY

KY

KY

KY

KY

KY

KY

KY

OH

OH

KY

KY

OH

OH

OH

OH

OH

OH

clubshell
P

H

H

H

H

H

H

H

H

H

H

H

H

H

H

p

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

riflleshell

H
H

H

H (KY, OH, WV)

H

H (7)

P

H

H

H

H

H

H

H

P
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Table1. (cont.)

SciotoRiver (cant.)

KanawbaRiver

Middle IslandCreek

HockingRiver

Little KanawhaRiver

~AuskingumRiver

HughesRiver

AlleghenyRiver

MonongahelaRiver

OhioRiver

AlleghenyRiver

Drainage GeneralLocality State/Province clubshell riffleshell

H

P

H

H

H

H

H

H

H

H

H

H

H

H

P

H

II

H

p

H

H

H

H

H

H

H

H

H(PA), P(OH)

H

H

H

Little DarbyCreek

TreacleCreek
Little WalnutCreek

Big WalnutCreek

Alum Creek

OlentangyRiver

KnnawhaRiver
Elk River

Middle IslandCreek

Hocking River

Little KanawhaRiver

NorthForkHughes

NorthForkHughes

MuskingumRiver

TuscarawasRiver

WalliondingIL

Kilibuck Creek

MohicanRiver

NorthFork

SouthFork

AlleghenyRiver

WestFork

CheatRiver

DunkardCreek

HackersCreek

NE LittleBeaver

RaccoonCreek

BeaverRiver

ConnaquenessingCr.

ShenangoRiver

Maboning River

W BranchMahoning

NesliannockCreek

PymatuningCreek

ConemaugbRiver

LoyalbannaCreek

Buffalo Creek

P

H

H

H

H

H

H

H

H

p

H

H

P

H

OH

OH

OH

OH

OH

OH

WV

WV

WV

OH

WV

WV

WV

OH

OH

OH

OH

OH

WV

WV

PA

WV

PA

PA

WV

PA

PA

PA

PA

PA

OH,PA

OH

PA

OH,PA

PA

PA

PA
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Table I. (cont.)
Drainage GeneralLocality State/Province clubshell riffleshell

AlleghenyR (cont.) SandyCreek PA H

FrenchCreek PA P p

ConneautOutlet PA P

ConneautteeCreek PA P

LeBocufCreek PA P P

ConewangoCreek PA H

over 150 miles. Freshdeadindividualswerefoundat an additional ten sites. In all, living or

freshdeadspecimenswere found in 63% of the sites studied,although weatheredshells

occurredat97% of the sites. Theagesof individualsrangedfrom threeto 17 years,indicating

thatthispopulationprobablyis reproducing.Muskratpredationseemedto beamajorcause

of deathat manysites,basedon numerousshellsin middens.Theextentof thispredationand

its importanceneedsto be rigorously investigated.

The clubshellwas found asweatheredshellsat eight sites, and as “fairly fresh” at a

ninth in the MississinewaRiver in Indiana(H. Dunn, Ecological Specialists,Inc., St.Peters,

Missouri, in litt. 4 January1994). That group also recordedweatheredand subfossilshells

from two sitesin the SalamonieRiver, Indiana. Sofar, thereis no evidencethat the clubshell

still lives in thosedrainages.Additional surveyswill be conductedin 1994.

The MahoningRiver (Pennsylvania,Ohio) hashistoricalrecordsandmaystill harbor

populations.Theseareasneedimmediatesurveywork. In 1993,tenlive clubshellswerefound

in four sitesin PymatuningCreekin AshtabulaCounty, Ohio (HuehnerandCorr 1994).

The clubshellwas oncewidely distributedin the MaumeeRiver system(Clark and

Wilson 1912). Although now a part of the St. Lawrence River system, at the end of the

Wisconsianglacial stagethe MaumeeRiver flowed southwestinto the WabashRiver. Many

Ohio River systemspeciesfound in the Maumeedrainagemaydate from this time (Walker

14



1913, Stansbezy1961). Speciesalso may have crossedbetweenthe WabashandMaumee

Riversvia the WabashandErie Canal. In fact, Goodrich(1914) reportedtheclubshell from

thiscanal. Despitetheir methodof entry,only two tributariesof the St.JosephRiver of the

MaumeeRiver now havepopulationsof the clubshell. Both aresmall, cool, shallow creeks.

Uving specimensare rare in FishCreek (IndianaandOhio) for adistanceof approximately

20 miles(Hoggarth1987,Watters1988b). In a surveyof the lower sevenmilesof FishCreek

in late 1993 and early1994, no living specimenswerefound,althoughfreshdeadshellswere

not uncommon.The EastForkWestBranchSt. JosephRiver in Ohio andMichigan alsohas

a population,particularly in a ten-mile long area in Hillsdale County, Michigan (Watters

1988b). This populationhasbeen in existencefor manyyears(Winslow 1918, Strayer1979),

and manyindividualsare in excessof 12 yearsold.

The Elk River, KanawhaRiver drainage,in West Virginia hasa population of the

clubshellbetweenSuttonDamandSycamoreCreekin BraxtonandClayCounties(J. Clayton,

West Virginia Departmentof Natural Resources,pers. comm. 6 August 1993). This

populationwasdiscoveredin the 1960s. Moreresearchwork isneededto determinethestatus

of this speciesin the Elk River.

An August 1993 surveyof HackersCreekof West Fork River, MonongahelaRiver

drainage,in WestVirginia foundmanyliving individualsin approximatelya100-yardreach(J.

Clayton,WVDNR, pers.comm.6 August1993). Similar isolatedpopulationsprobablyremain

to be discoveredelsewhere.

Theclubshellhasbeenfound in smallnumbersas freshdeadshellsin theGreenRiver

of Kentucky in Hart and Taylor Counties(R. Cicerello, KentuckyState NaturePreserves

Commissionspers. comm. 9 August 1993; R. McCance,Kentucky State Nature Preserves

Commission,in hit., 9 November1993). It is not knownif therearereproducingindividuals.

This areawill be more thoroughlyinvestigated.Therearehistoricrecordsof theclubshellfor

the Nolin and Barren Rivers, but it is apparentlyextirpated.

Oncecommonthroughoutthe Big Darby Creekdrainage,today the clubshellonly

existsin smallnumbersin a twelvemile longreachof little DarbyCreekin MadisonCounty,

Ohio (Watters1986,1990,in press). Althoughapparentlyreproducing,the populationis in

dangerfrom variousoutsidesources.The clubshell hasnot beenfound living in Big Darby

Creekpropersince1971 (OSUMZ records),but the removalof alow headdamin 1990at the

mouthof little DarbyCreekmayallow this speciesto reclaim its original distributionin Big

Darby.
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Populations,someconsideredlarge,now exist in the AlleghenyRiver and tributaries.

LeBocufCreekin particular,belowLake LeBoeufto its mouthatFrenchCreek,hasadense,

apparentlyreproducingpopulation. Additionally, FrenchCreek,for abouta mile, below this

confluencealsosupportsnumerousclubshells.ConneautOutlet(tributary of FrenchCreek)

has a small sparsepopulation(C. Bier, WesternPennsylvaniaConservancy,pers. comm. 24

August 1993). The Allegheny River proper supportswhat appearsto be a sparseviable

population,but with low numbersanda discontinuousdistribution over 66+ miles (C. Bier,

WPAC, in hitt. 6 January1994).

EPIOBLASMATORULOSARANGIANA

The northernriffleshell hasa distribution similar to that of the clubshell,exceptthat

it rangedfarthernorth into Michigan andOntario in tributariesof Lake Erie, Lake St. Clair,

and the Detroit andSt. Clair Rivers. Oneof thesepopulations,in the Black River, hasbeen

largelyextirpatedby recentchannelizationactivities. Prior to thisconstruction,115 individuals

weretransplantedto cagesplacedin the Detroit River (M. Rabe,Michigan NaturalFeatures

Inventory,pers.comm.6 April 1993),wheretheyremainat this time. Individuals(110) in the

Detroit River alsowere relocatedbasedupon the opinion that theseindividualswould be

eliminatedby zebramusselsin 1993. Someof theseweretakenupstreamtowardtheSt.Clair

River (T. Weise,Michigan Departmentof NaturalResources,pers.comm. 26 August 1993).

Another23 wereplacedin the Belle Isle Aquariumon 10 October1992for life historystudies,

but thesehavenow diedof uncertaincauses(J.AndersonandD. Sweet,Belle Isle Aquarium,

pers.comm. 27 August1993).

Thenorthernriffleshellwasoncelocally commonin the SydenhamRiver of Ontario

(Clarke 1973, 1978). Recentcollections from this river have failed to find any living

specimens,andit is consideredextirpated(MackieandTopping1988), althoughfairly fresh

shellshavebeenfound in the pastdecadeby privatecollectors.

Populationsof this speciesin the AlleghenyRiver andFrenchCreekare the largest

remaining. It is abundantin severalreachesof FrenchCreek,wherehundredsof specimens

maybe found in middensin a shortdistance(pers.obs.). It was found in LeBouefCreekonly

as deadvalves (C. Bier, WPAC, pers.comm. 24 August 1993). In the Allegheny River the

populationsrangefrom viableto thosewith apparentlydepressedvigor,with anoverall known

brokendistributionof some80 miles (C. Bier, WPAC, in Iitt. 6 January1994).
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Ahlstrom (1930:44) once remarkedthat at the BassIslands,northernriffleshell ~was

everywhere,but not common.” Living individualsfrom westernLake Erie (BassIslands)were

last seen in the 1960’s and this speciesis presumedextirpatedfrom there, particularly

consideringintroductionof thezebramussel.

Although oncewidely distributed in the Wabash,Muskingum,and SanduskyRiver

drainages,there is no evidence that any populationsremain. The Mahoning and little

Mahoning Rivers (Pennsylvania, Ohio) have historical records and may still harbor

populations. Theseareasneedimmediatesurveywork.

Thenorthernriffleshell was foundasweatheredshellsat four sitesin the Mississinewa

River in Indiana(H. Dunn,ESI, in Iitt. 4 January1994). Additional surveyswill be conducted

in 1994. Populationsin the TippecanoeRiver andSugarCreek (EastFork White River) in

Indianaappearto havebeenrecentlyextirpated,alThoughsomemaystill exist in low numbers

(R.Anderson,INDNR, in hit. 15 December1993).

This specieswasrecentlyfound living in the Elk Riverof WestVirginia in ClayCounty

(ESI 1993b). Additional surveywork is neededto determinethe extentof this population.

Two other Federallyendangeredmusselshave recently beenfound in this river as well:

Pleurobemaclava andLarnpsilisabrupta.

Freshdeadshellsof thenoithernriffleshell havebeenfound in theGreenRiver in Hart

and EdmonsonCounty, Kentucky. It is not known if a reproducing population exists.

Additional work will be conducted(R. Cicerello, KYNPC, pers.comm. 9 August 1993; R.

McCance,KYNPC, in till. 9 November1993).

living andfreshdeadindividualsof this specieswerevery rare in Fish Creek(Maumee

River drainage,Ohio) in 1988 (Watters1988b). Otherexampleshavenot beenfound in the

most recentsurveys(R. Anderson,INDNR, pers.comm.5 May 1993; pers.obs. 1994).

Oncecommonin Big DarbyCreek(Ohio), this speciesis now representedby a small

populationin a15-20mile stretchin PickawayandFranklin Counties(Watters1986, 1990,in

press). Fewerindividualswere found in a 1990 surveythanin 1986. It is known from afew

old shells from little DarbyCreek,but apparentlywas nevercommonthere. The removalof

adamat the mouth of Little Darbynow mayenablethe northernriffleshell to extendits range

there,wherewater quality andhabitatgenerallyare equalto or better than in Big Darby.
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BIOLOGY

Theclubshelltypically burrowscompletelybeneaththesubstrate,apparentlyrelying on

water to percolatebetweenthe sedimentparticles(Watters1990). Consequently,the species

is very susceptibleto siltation,which clogs the substrateintersticesandsuffocatesthe animal.

Theclubshellgenerallyis found in clean,coarsesandandgravel in runs,oftenjustdownstream

of a riffle. It cannottoleratemud or slackwaterconditions.

The riffleshell alsooccursin packedsandandgravel in riffles andruns(Watters1990).

Its existencein the westernbasinof Lake Erie apparentlywas due to sufficient wave action

producingcontinuouslymovingwater. The speciesburiesitself to the posteriormarginof the

shell, althoughfemalesmaybe more exposed,especiallyduringbreedingseason.

Althoughmore specificbiology of the riffleshell and the clubshell largely is unknown,

the following generalaccountof unionidbiology is applicable.

Freshwatermusselsarefilter-feeding,essentiallyimmotile animals. Oxygenand food

are acquired acrossan extensive gill surface, and metabolic waste is releasedinto the

surroundingwater. BecauseNorth American specieslack true siphons,or tubesfor water

intakeand release,mostspeciesareconfinedto burrowing only to the posterioredgeof the

shell. This rendersthemsusceptibleto predators,desiccation,and temperatureandother

environmentalextremes.Nevertlieless,manyspecieslive for 20-30years,andsomeup to 140

years(Bauer 1987c).

Unionid food hasbeenthe subjectof debate.Allen (1914) found the gut to contain

mostly diatomsand ~other algae,~ and in 1921 suggestedthat musselsfeed on bacteria,

protozoans,andorganicparticles. Churchilland Lewis (1924) agreedwith Allen, finding that

diatomspassedthroughthe digestivesystemintact. Fikes(1972) maintainedArnblenwplicata

for five monthsusingan algaas food,but Imlay andPaige(1972) suggestedthatmusselsfed

on bacteria,protozoans,and the by-productsof otherfood (suchas fish food), ratherthanon

the food itself. Bisbee(1984) founddifferentproportionsof algal speciesin the gutsof two

musselspecies,suggestingthatunionidsselectivelyfeed. Yeageret at. (1993) believedfood

for juvenilesconsistedof interstitial bacteria,yet an algal mix plus silt wassuggestedas food

by HumphreyandSimpson(1985)andGatenbyel al. (1993). Smallamountsof silt havebeen

foundto enhancesurvivorshipin culturedmussels(Humphrey1987b, HudsonandIsom 1984,

Hove andNeves1991) for undeterminedreasons.Efforts to maintainthe northernriffleshell

at the Belle Isle Aquarium on dried Chorehla, Spirufina, and yeast combinationswere
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unsuccessful(J. Andersonand D. Sweetpers. comm. 27 August 1993). Obviously more

researchis neededto identif~’ the food items of unionids.

Gametogenesisfor North American unionaceansis initiated by changesin water

temperature.Generallythereis only onebreedingseasona year,althoughGlebularotundtzta

hasbeenshownto breedmultiple timesayear(ParkeretaL 1979, 1984),andCumberlandia

,nonodontamaybreedtwice ayear(Howard 1915,GordonandSmith 1990). Abnormally low

watertemperaturesmaydelayreproduction.Constantlow watertemperatures,suchas found

belowsomedarns,maypreventreproductionfrom evertaking place.

Typically sexesare separate,although small numbersof hermaphroditeshavebeen

found in mostpopulationsof manyspecies(Poupart1706;Fischerstrom1761; vander Schalie

1966, 1970; Heard 1979),but havenot beendetectedas yet in theclubshellor riffleshell. The

numberof hermaphroditesmayincreasein low populationdensities(Kat 1983,Bauer 1987c),

andthusbe an importantconsiderationin managingrarespecies.Femalesmoveunfertilized

eggs into specializedregionsof the gills, called marsupia. The eggsare held therein water

tubes,which may morphologicallychangeduring breeding(Smith 1979,Kays et aL 1990,

RichardetaL 1991). Themarsupialregionof the gill duringbreedingeitherdoesnot function

asasite of respiration(Richardet al. 1991), or operatesat greatlyreducedefficiency(Allen

1921,TankersleyandDimock1992). The marsupialregionmayremainnon-respiratoryduring

thenon-breedingseasonas well (Richarde~’ al. 1991).

Males liberatesperminto the water, sometimesas sphericalaggregates(Utterback

1931,Lynn 1987). The spermof thedubshellandriffleshell areunknown,but mayalsooccur

in aggregates. Femalesdownstreamtake up the spermwith incoming water. Eggs are

fertilized in the watertubes. Fertilizationsuccessmaybe relatedto populationdensity,with

athresholddensityrequiredfor anyreproductivesuccessto occur(DowningetaL 1993). The

developingembryosarephysiologicallyisolatedfrom the outsidemedium (Kays et aL 1990,

Gardineret aL 1991). Larval shells are formed from concretionsin the gills that act as a

sourceof calciumcarbonate(Silvermanet al. 1985). Minute bivalved larvae,or glochidia,

developoveraperiodof daysto months. Unionaceansaredivided into two behavioralgroups

basedupon the durationthat glochidia are held in the marsupia. Bradyticticor long-term

breedershold theselarvae until the following spring or summer. Tachyticticor short-term

breederswill releasethem later the sameyear,usuallyby Julyor August.

As larvae,unionidsin North Americaparasitizea vertebratehost. With oneknown

exception,that host is a fish. Although claims have beenmadethat several speciesmay
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completetheir metamorphosiswithout ahost(LefevreandCurtis 1911,Howard 1914b),most

evidencesuggeststhatunionidsareobligateparasites.The degreeof hostspecificityhasbeen

debated,but too little is known of thesehost-parasiterelationshipsto accessto what degree

a speciesis specific. Many early host identificationswere madehaphazardlyand cannotbe

relied upon. Recentwork suggestssome degreeof host specificity,with the unionid using

ecologicallyandphylogeneticallyinterrelatedhosts. However,muchwork remainsto be done

on this association.The hostsfor most unionid speciesare unknown.

Hostsareinfestedwith glochidiawhen theycomeinto contactwith them in thewater

or on the substrate. Different unionid specieshavedifferent methodsof releasinglarvae.

Some simply expel the glochidia out their exhalentsiphon along with water and waste
products. Hostseither takein suspendedglochidia andpassthem over their gills, wherethey

attach,or theycontactlarvaeon the substrate,wherethe parasitesattachto the fins or skin.

Other unionids bind numbersof glochidia into long mucus matricescalled conglutinates

(Chamberlain1934, Fuller 1971). Thesemaybe coloredand resemblewormsor otherfood

items. The host’sgills are infestedwhen the conglutinatesare eaten.

Onceshedby the female,glochidiamustacquirea suitablehostor die, usuallywithin

24 hours. Liberatedglochidiamaytravel milesdownstreamin currents(ClarkandStein1921).

Estimatedchancesof a glochidium surviving to transformand excyst range from 0.0001%

(JansenandHanson1991)to 0.000001%(YoungandWilliams 1984). Althoughsomespecies

may compensatefor this with high fecundityover manyyears(Bauer1987b),otherspecies

have beenshown to developlate and then reachearly senescence(Downing et aL 1993).

Becauseof the mannerin which hostsacquire glochidia, it is not surprising to find that

glochidiaare overdispersed,that is, most hostsare either unparasitized,or carrybut a few

glochidia,whereasavery smallnumberof hostsbearmostof theparasiteburden(Bangham

1940, 1955;Weir 1977; Dartnall andWalkey 1979; NevesandWidlak 1988). However,even

heavily infestedhostsshowlittle ill effects,with few exceptions.

The glochidiaclampdown on the host tissue,andcausecells to lyse. This fluid forms

partof the food for the developingparasite(Arey 1924b,1932b;Blystad1924). Minute pores

in theglochidial shellsare thoughtto facilitateuptakeof hostnutrients(RandandWiles 1982,

Kwon d a!. 1993,Jeong et aL 1993). A host wound reaction forms a “cyst” around the

glochidium (Faussek1895; Arey 1921, 1932a). During growth,the larvawill resorbmuch of

its own tissue,including the adductormuscleand muchof the mantle(Young 1911; Blystad

1924). After acertainamountof time (from hoursto weeks),dependingonwatertemperature

(Schierholz1889, Howard andAnson 1923,but seeYoung 1911) and individual species,the
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glochidium transformsto a juvenile and excysts. The juvenile burrows into the substrate

(Bauer1986,Clarke 1986,Buddensieket aL 1993)or attachesto a largerobjectwith abyssal

thread. The threadis lost in adults.

Potential hosts may possessone of two types of immunity to attachedglochidia.

Natural immunityoccursin unsuitablehosts,which haveimmunologicaldefensesagainstthe

glochidia(Howard 1914a,BauerandVogel 1987). Acquiredimmunity occurswhenasuitable

host hasbeenpreviouslyparasitized,and hasbuilt up a temporaryimmunity. The numberof

exposuresneededto achieveacquiredimmunity dependson the degreeof prior infestations

anddurationbetweenthem(Lefevre andCurtis 1910,Surber1913,Reuling1919,Arey 1924a,

Bauer 1987a). Therefore,juvenilehostsmaybe themostsusceptibleto parasitization(Bauer

1987a,Jansenand Hanson1991, but see Young 1911 and Young et at. 1987). Acquired

immunity to oneunionid speciesmay give the host immunity to others(Reuling 1919). In

bothnaturalandacquiredimmunity, encystedglochidiaarekilled. The tissuemaybe sloughed

off (Arey 1932c, FustishandMillemann 1978, Zale and Neves 1982, WaIler andMitchell

1989) or persist. Acquiredimmunity may be lost if no subsequentreinfestationoccurswithin

acertaintime period,and thefish maybecomesusceptibleto parasitizationagain. However,

the amountof time neededto loseacquiredimmunity is not preciselyknown.

This host-parasiterelationship apparentlyarose as a means of dispersal for the

unionids. Lacking greatmotility and internalfertilization, unionidswould be doomedto be

carried to the seaover manygenerations.By attachingthemselvesto a highly motile host,

suchasa fish, they aredispersedwithin andbetweendrainages.Recordsof dispersalon the

feetof waterfowl largely are apocryphal(Rees1965).

The hostsfor PleurobernacIa~’a are unknown. The closely related Cumberlandian

Plew-obemaoviforme hasbeenshownto usecentralstoneroller,commonshiner,fantail darter,

river chub, andwhitetail shiner(Neves1983, Weaveret a!. 1991). It was gravid from May

through July. Relatedfishes in the rangeof the clubshellmay be suitablehosts. Ortmann

(1919)reportedthatclavawas found gravid from May to July, andwas tachytictic.

The clubshell typically lives completelyburied in the substrate. It is possiblethat it

comes to the surfaceduring the breedingperiod. This behavior has beenseenin other

unionids(S. Ahlstedt,TVA, pers.comm. 13 October1992), but hasnot beenobservedin the

clubshell. Femalesare not known to haveanyparticulardisplaysor behaviorsto lure fishes.
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The hosts of Epioblasma torulosa rangiana also are unknown, but the similar

CumberlandianEpioblosmacapsaeforrnisusesbandedsculpin,anddusky,redline,andspotted

darters(Yeager1986). It was gravid from April throughJuly. Epioblasmabrevidensuses

bandedsculpin,greensidedarter,logperch,redline darter,snubnosedarter,andspotteddarter

(Yeager1986). Epioblasmaflorentina curtisi parasitizesrainbowdarter(Buchanan1987), and

Epioblasmatriquetra usesbandedsculpinand logperch(Yeager1986,Sherman1993). Again,

similar speciesin the rangeof thenorthernriffleshell probablyactashosts. Ortmann(1919)

reportedthat rangianawas gravid in September,andprobablyAugust,andwasbradytictic.

The riffleshell duringbreedinghasa spongy,purewhite mantlelining that is displayed

by the female. This canbe seenfrom severalyardsaway in clearwater(pers.obs.),andmay

function to lure hosts. No mantleflap undulationsor otherbehaviorshavebeennoted.

Natural predatorsof metamorphosedmusselsconsistof fishes,birds, muskrats,and

raccoons.In Europe,thehoodedcrow hasbeenshownto drop musselsfrom theair to crack

them open(Berrow 1991). Baker (1918) listed sheepshead,lake sturgeon,spottedsucker,

commonred-horse,andpumpkinseedandothersas fish predators.Hansoneta!. (1989) and

Convey et a!. (1989) have reportedmuskratseating up to 37,000 musselsin a year in an

Albertalake. Thismaybe an importantsourceof predationon endangeredspeciesin some

areas(NevesandOdom 1989). Both the clubshelland riffleshell are commonin middensin

Pennsylvaniasites(C. Bier, WPAC, in litt. 6 January1994).

Unionidsoftenareparasitizedby unionicolid mites(Mitchell 1965,Davids1973) and

monogenictrematodes(seereview of Hendrix et a!. 1985), which feed on gill and mantle

tissue. Chironomid larvaemay consumeup to 50% of the musselgill (Gordonet aL 1978),

interferingwith respirationandreproduction. Observedsymbioticrelationshipswith ciliates

maynot be parasitic(Antipa andSmall 1971). Leechesalso mayinfest unionids.

REASONSFOR DECLINE AND THREATS TO CONTINUED EXISTENCE

Fewmusselspecieshavedeclinedin numbersasdrasticallyashavethesetwo species.

The dubshell in particularwas oncewidespreadand common. The decline of thesetwo

speciesundoubtedlyis not dueto anyonecause,but to severalcompoundingproblems. For

instance,potentialthreatsto populationsin theGreenRiver of Kentuckyincludecool water

dischargefrom dams,runoff from agriculturalareas,anduntreatedwastewaterand industrial

effluents. Major point discharges in this area include Campbellsville, Greensburg,
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Munfordville, and Caveland Sanitation System, and little Pitman Creek (R. Cicerello,

KYNPC, in litt. 2 April 1993). As anotherexample,perennialthreatsto theclubshellin little

Darby Creek (Ohio) populationof urbanization,impoundment,land fills, etc., could easily

extirpate this speciesfrom the system. Pollutants, silt, and sediments in runoff from

agriculturalandnonpointurban sourcesare recognizedas current and future threatsto this

population.

The fact that the clubshellandnorthernriffleshell havebothverysimilar historicand

recentrangessuggeststhatthey havedeclinedfor similar reasons.Someof thesereasonsare

discussedin generaltermsbelow.

SILTATION

As filter-feederson microscopicfood items,freshwatermusselsarevery susceptibleto

smotheringby silt andother sedimentsin the water (Ellis 1936),and to pollutantscarriedby

thesesediments.Siltation alsomayresult in reduceddissolvedoxygenand increasedorganic

material at the substratelevel (Ellis 1936, Harman 1974). Consequently,agricultural,

construction,andforestryrunoff maybe importantcausesof deathin mussels.At sublethal

levels, silt interferes with feeding and metabolism in general (Aldridge et a!. 1987).

Susceptibilityto silt differs from speciesto species(Marking and Bills 1980)~ All the river

systemsin which thesespeciesnow exist aresusceptibleto runoff.

IMPOUNDMENT

Impoundmentdrasticallychangesthe biotic makeupof the impoundedregion,aswell

astheareaimmediatelydownstream(Ellis 1942, Neel 1963,Stansbery1973,Ridley andSteel

1975, Baxter 1977,Buddensiek a a!. 1993,Parmalee and Hughes 1993). Speciesand their

hoststhat requireoxygenated,fast-flowingwaterquickly areeliminated. This includesmost

of the presentlyendangeredmusselspecies,andnearlyall of thosethathavebecomeextinct.

Mostmusselspeciesnormallyoccurin shallowwater,not in impoundmentdepths(Salmonand

Green1983,HaagandThorp 1991).

Impoundmentreducesthe growth and reproductiveeffort of mussels. Individuals in

cold,deepwatergrowslowerthanthosein warmerwater(EvermannandClark 1920,Harman

1974,Hansona a!. 1988). Continuouslycold water maypreventmusselsfrom reproducing.
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ImpoundmentalsoLeadsto an increasedsilt loadby reducingwater~scapacityto carry

sediments (Bates 1962, Negus 1966). The eutrophication that often accompanies

impoundmenthasbeensuggestedas a major sourceof mortality in mussels(Bauer1988).

Changesin thefish fauna,andthereforethe availability of hosts,alsooccurwith impoundment

(Williams eta!. 1992).

Dams representdistributional barriers to fish hosts, and therefore to the mussels

themselves.The zoogeographicpatternsof severalspeciessuggesta dam-limitedrange(pers.

obs.). Darns also actas sedimenttraps,often having manyfeet of silt anddebriscaughton

their upstreamside. Theseareasgenerallyarewithout mussels. The tailwaterson the other

handoftenhavedensebeds. This is mistakenlybelievedby manyto be a benefitof the dam.

Actually, thesebeds representthe last remaining portions of the river in generalprior to

impoundment.The tailwatersare the only areasleft that still haveoxygenated,fast moving

water. This is exemplifiedby the distribution of bedsin the lower Muskingum River, Ohio

(Stansheryand King 1983,ESI 1993c).

IN-STREAM SAND AND GRAVEL MINING

Mining “river gravel,” beyondwhat is neededto maintainnavigationchannels,maybe

devastatingon mussels.Manyarephysically removedwith thesubstrate,othersareburiedor

crushed.Additionally, sedimentsandsilt arereleasedthatmayaffect downstreampopulations.

Head-cutting,wherethe upstreamborderof thepit collapsesandmovesupstream,also may

be aseriousconsequenceof sandandgravel operations.

POLLUTANTS

Havlik andMarking (1987) give a review of the effectsof contaminantson mussels.

Readersare urged to consult this source for more information on this section. Some

particulareffects aregiven here.

Much of the remainingrangeof thesetwo speciesare in agriculturalland subjected

to pesticideandfertilizer runoff. Althougheffectsof pesticidesarespecies-specific,in general

sub-lethal levels of PCBs, DDT, Malathion, Rotenone, and other compoundsinhibit

respiratoryefficiencyandaccumulatein the tissues. Musselsweremoresensitiveto pesticides

thanmany otheranimalstested. It is not known to what extentthe clubshell and riffleshell

areaffectedby pesticides,but thesemusselsundoubtedlyareadverselyaffectedto somedegree

by thesepollutants. Researchis neededto determinelethal andsub-lethallevels.
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Musselsareparticularlysensitiveto heavy metals,moreso than manyother animals

usedin toxicological tests (Keller andZam 1991). Responsesmay be species-specific(see

examplefor copperin Jacobsonel at. 1993). Behavioral responsesmay allow some adult

musselsto surviveshort-termexposure(Keller 1993). Low levelsof metalsmayinterferewith

the ability of glochidia to attachto the host (HuebnerandPynn6nen1992).

Glochidia were found to be very sensitiveto ammoniafrom wastewatertreatment

plants,althoughmuch lessso to septicsystems,althoughthe reasonsfor this observationare

not clear (Goudraeuet a!. 1993). At sub-lethalexposure,adult musselsexhibiteddecreased

respiratoryefficiency(Andersonel a!. 1978).

Acidic water from mine runoff and sandysoils may eliminatemusselsandpreclude

recolonization(SimmonsandReed1973, Humphrey1987a,Watters1988a). During exposure

to low pH, calcium for haemolymphbufferingmaybe derived from the shellandmantle,but

not from concretionsin the gills used for glochidial shell construction (Pynn~nen 1990).

Musselsmaybeable to surviveseveralweeksof exposureto relatively low pH becauseof this

buffering (M~.kel~ and Oikari 1992). However, low pH also interfereswith the glochidia’s

ability to closeits shells on ahost(HuebnerandPynn6nen1992).

Liqouri andInsler(1985) gavecircumstantialevidencethatsalinity was lethal to some

glochidia. This may be a problem in runoff from salt used for clearing roadsin winter

throughoutmuchof the rangeof bothof thesemussels. Salinity alsois a concernnearoil and

gasproductionareas,suchas the GreenRiver.

The recent invasion of zebraand quaggamusselshas compromisedthe continued

presenceof many musselpopulations. Native musselshavebeeneffectively eliminatedfrom

thewesternbasinof LakeErie by theseexotics.Mortality maybe causedby numerousfactors

includingstarvation,loss of fecundity, depletedoxygenavailability, andbeachingafter storms.

To date,outsideof the St.Clair River, no zebra/quaggamusselshavebeenfound in areasof

clubshellor riffleshell populations. Whether this will remain the caseis unknown. Zebra

musselshavebeenfoundin the SciotoRiver (the parentstreamof the Big Darbysystem),and

in oneor moreglacial lakesin theTippecanoeRiver drainage.
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CONSERVATION MEASURES

Severalconservationmeasuresare availableto listed speciespursuantto the Federal

EndangeredSpeciesAct. Recognitionthrough listing encouragesandresultsin conservation

actionsby Federal,State,and private agencies,groups, and individuals. The Endangered

SpeciesAct providesfor possiblelandacquisitionin cooperationwith the Statesand requires

thatrecoveryactionsbe carriedout for all listedspecies.The protectionrequiredof Federal

agenciesand the prohibitions againstcertainactivities affecting listed speciesare discussed

below.

Section7(a)of the Act, asamended,requiresFederalagenciesto evaluatetheir actions

with respectto anyspeciesthat is proposedor listed as Federallyendangeredor threatened.

Regulationsimplementingthis interagencycooperationprovisionof the Act arecodified at50

CFRPart402. Section7(a)(4)requiresFederalagenciesto confer informally with the Service

on any action that is likely to jeopardizethe continuedexistenceof a proposedspeciesor

resultin destructionor adversemodification of proposedcritical habitat. If a speciesis listed

subsequently,Section 7(a)(2) requiresFederalagenciesto ensurethat any activities they

authorize,fund, or carry out are not likely to jeopardizethe continuedexistenceof sucha

speciesor to destroyor adverselymodify its critical habitat. If a Federalactionmayaffect a

listed speciesor its critical habitat,the responsibleFederalagencymust enter into formal

consultationwith the Service.

In addition to StateEndangeredSpeciesActs, somestates,suchasOhio, haverecent

legislationmaking it illegal to possessover acertainnumberof mussels,evenwith a fishing

license. Althoughneitherspeciesis of commercialvalue,theyhavebeenaffectedin the past

by incidental take. Ohio and Indianahave now closed their waterwaysto all commercial

collecting. In Pennsylvania,musselsare regulatedas bait.

Severalpopulationsoccurin musselsanctuaries(FishCreek, Ohio) or nationalparks

(GreenRiver, Kentucky), andpresumablybenefitfrom this association.The GreenRiver in

Mammoth CaveNational Park also is a KentuckyWild River, and other segmentsare a

KentuckyOutstandingResourceWater. The KentuckyDivision of Water is obligatedto

protect thesehabitatsto sustainmussels. A portion of the populationof riffleshell in Big

DarbyCreek is on property owned by The NatureConservancy.Other populationsareon

propertythathasawatershedmanagementplan (FishCreek in Indiana,Michigan,andOhio)

or is the subjectof local conservationgroups(Big DarbyCreeksystem,Ohio; portionsof the
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TippccanoeRiver, Indiana; FrenchCreek, Pennsylvania).To someextent,thesesitesare

monitoredfor water quality andcompatibleland use.

An inventory of musselsin Mammoth CaveNational Park was completedin 1990

through a cooperativeeffort of the National Park Serviceand the KentuckyStateNature

PreservesCommission. Detailedmonitoringof this areabeganin 1993. Waterquality in the

GreenRiver is monitoredby theParkHydrologist,by the KentuckyDivisionof Waterthrough

the Wild Rivers Program,andby the U.S. GeologicalSurvey. The Mammoth CaveArea

SpecialWaterQuality Projectsupportshabitatprotectionby implementingagticultural“Best

ManagementPractices,”and the CavelandSanitationAuthority, which overseesconstruction

andoperationof new regional sewagetreatmentfacilities. Public awarenessof the mussels

andthe aquaticecosystemis raisedthrough interpretiveprogramsfor parkvisitors.

“ForestWatch”groupsexistin the Allegheny,Hoosier,andShawneeNationalForests,

which include parts of the historical range of both mussels. The Forest Service has

promulgatedregulationsto ensurethe protection of endangeredspeciesand their habitats

(ForestServiceManual,Chapter2670).

Mussels downstreamfrom Green River Reservoir in Taylor County, Kentucky,

historically were subjectedto cold water discharge. Army Corps of Engineerpersonnel

recentlyindicatedthat this dischargewaschangeda few yearsagofrom “cold water” to “cool

water.” An attemptis madefor thesereleasesto follow historicalwatertemperaturecurves.

However,onceacertainmaximumtemperatureplateaurangeis reached,further increasedoes

not occur. This is in part becauseof limited dischargecapability from variousreservoirlevels

(R.McCance,KYNPC, in fiti. 9 November1993).

L White of PennsylvaniaStateUniversity is studyingthesemusselsand their hostsin

French Creek, comparing DNA sequencesin encystedglochidia with adult musselsto

determinehost identities. The author also is beginninga study of the hostsof thesetwo

speciesthroughartificial infestation.

RECOVERY STRATEGY

Effective recoveryof the clubshell and northern riffleshell will necessitatea much

betterunderstandingof thesespecies~biology andecologicalrequirements.However,because

thesespeciesdependon riverine ecosystems,a broad initiative to conservethesedynamic

27



systemscan be undertakenconcurrently with acquiring more detailed, species-specific

information.

Conservationof the systemsof which the clubshellandnorthernriffleshell areapart

shouldbeginimmediately(wherenot alreadyunderway)with delineationof theecosystemsfor

both speciesandacomprehensivesurveyof the individual resourceswithin eachecosystem.

While the two musselsspecies,aswell as other listedspeciessuch asLampsi!isabrupta that

sharethe habitat,should be a primary focus of conservationstrategies,the overall goal of

these strategieswill be to maximize the health of the system as a whole. Thesebroad

conservation plans can be then complemented(as needed) with measures,such as
augmentationor translocation,for bolstering the populationlevels of eachspecies.

Public awarenessof the recoveryneedsfor thesespecies,particularlyof the needfor

ecosystemprotection,may be a decisivefactor in the successof recoveryefforts. Likewise,

awarenesson the part of technical specialistsof the human concernsinvolved in broad

conservationefforts mayengendermoreconfidencetheseefforts. An importantcomponent

of this recoveryprocesswill be, therefore,to developa two-way educationalprogramfor

understandingthe needfor andmeansof achievingconservationof thesespeciesand their

habitats.
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PART II: RECOVERY

RECOVERY GOAL

The goal of this plan is to maintainandrestoreviablepopulationsof the clubshelland

northernriffleshell to asignificant portion of their historic rangeby theyear2020.

RECOVERY OBJECTIVES

Objective1. Reclassifypopulationsof bothclubshellandnorthernriffleshell from endangered

statusto threatenedstatuswhenasignificantproportionof the populationshasbeensecured

from foreseeableand controllablejeopardy. Reclassificationwill be consideredwhen the

-following criterion is met:

A. Viable populationsmust be establishedin 10 separatedrainagesfor eachspecies. A

viablepopulationconsistsof sufficient numbersof reproducingindividualsto maintainastable

or increasing population (see Task 1.44). These populations should include as many

subpopulationsaspossibleto maintainwhateverfractionof the original geneticvariability now

remains. At thistime, the following drainagesfor eachspeciesare identified as necessaryfor

achievingrecovery:

Northernrfflpvhpll

TippecanocRiver, IN
East Fork West Branch St. JosephRiver, MI, OH
FishCreek,IN, OH
GreenRiver;KY
Little DarbyCreek,OH
Elk River, WV
FrenchCreek, PA
AlleghenyRiver, PA
plus two additional drainages

TippecanoeRiver, IN
Detroit River, MI, Ontario*
FishCreek,OH
GreenRiver, KY
Big DarbyCreek,OH
Elk River, WV
FrenchCreek, PA
Allegheny River, PA
plus two additional drainages

4’ contingenton zebramusselcontrol
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Objective2. Removetheclubshellandnorthernriffleshell from the Federallist of endangered

and threatenedspecieswhen viable populations are establishedand protectedthrough

significantportions of both species’ranges. Delisting will be consideredwhen the following

additionalcriteria havebeenmet:

B. For eachspecies,eachof the ten populationsgiven in CriterionA mustbe largeenough

to survivea single adverseecologicalevent. Most populationsat this time arelocalizedand•

susceptibleto such impacts. Therefore,the extent of most populationsmust be increased,

either naturallyor throughtranslocation.

C. To this end, the populationsand their drainagesfrom Criteria A and B must be

permanentlyprotectedfrom all foreseeableand controllable threats, both natural and

anthropogenic.

Monitoring is requireduntil the year2020, the anticipateddate of full recovery, or until

viability of the speciescanbe demonstrated.Evidenceof recruitmentandpopulationstability

is necessaryto validateviability.

RECOVERY TASKS

1. Initiate andparticipatein ecosystemconservationefforts. All recoveryactivities for

the clubshell and northern riffleshell should eventually feed into comprehensive

ecosystem/watershedmanagementprograms. It is imperativethat theseefforts be

conductedproactively in order to preventfurther declines in thesespecies’ status.

Activities should be designedto benefit the entire aquaticecosystemof which the

musselsare an importantandparticularlysensitivecomponent(M. HoIm, Mammoth

CaveNationalPark,in liti. 22 December1993).

1.1 Delineatethe ecosystemsfor thepriority drainagesidentified for eachspecies

.

Delineationof the mussels’ecosystemswill involve identiI~4ng: (1) the extent

of the river or creekstretchthat supportsa population,(2) upstream— or

downstream-- areaswithin which activities could have an effect on the

population,and(3) ripariananduplandareasassociatedwith theriver orcreek

within which activitiescould havean effect on the population.
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1.2 Identify other resourcevalueswithin theseecosystems.Possiblehost fishes,

associatedlistedandcandidatespecies,speciesdiversity,otherkey animaland

plant indicators,aquaticand riparian habitatelements,wild andscenicvalues,

cultural values,andother importantresourcesshould be inventoriedwithin

eachdelineatedecosystem.Wheresuch inventoriesarealreadyunderway,it

should be ensuredthat the clubshellandnorthernriffleshell are addressedas

integral ecosystemcomponents.

1.3 Identify activities or practices within each ecosystemthat may affect the

clubshellandnorthernriffleshell as well as othersensitiveresources.Activities

and practices that may threaten these mussels(discussedin Reasonsfor

Decline and Threatsto ContinuedExistence),as well as activities that may

benefit the musselsand other resourceswithin each delineatedecosystem

shouldbe identified. Theseactionsshould thenbe assessedin regardto their

potentialeffect andthe time frameneededto alleviate theseeffects. As data

gatheredfrom Task 2.1 becomeavailable, they should be incorporatedinto

theseconsiderations.

1.3 As a near-termconservationmeasure,identify and participate in ongoing

environmentalplanning and regulatory compliance processeswithin each

ecosytem.Opportunitiesto becomeinvolvedin reviewingandinfluencingstate

waterqualitystandards,andto participatein resourceassessmentandlandand

water use planningprocesses(including watershedplans that are already

underway),stateriver inventories,wild andscenicriver designations,Habitat

ConservationPlans, environmental review processes,permit reviews, etc.,

shouldbeexploited. Relevantdatafrom Task2.1 shouldbe madeavailablefor

theseplanningandregulatoryprocesses.

1.4 Help developand implementcomprehensivewatershedplans. Theseplans

shouldhaveasaprimaryobjectivethe maintenanceof theecosystemson which

thesemusselsandtheirhostsdepend.To this end,decision-make~rsshouldbe
chargedwith adoptingboth short-andlong-rangegoalsandpracticesto ensure

the preventionof any furtherdeclineof the species’status,and,whereshown

to be feasible,to rehabilitatehabitatto the point where it can be usedto

supportmusselpopulationsin furtheranceof recoveryobjectives. In addition,

protection efforts directed toward other or multiple resourcesshould be

compatiblewith recoveryof musselspecies.
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Becauseof the diversenatureof the drainagesin which the populationsof

thesetwo speciesare found,planswould haveto be uniqueto eachdrainage.
Such planswould include, but not be limited to, maintenanceof minimum
water flow and quality standards,acquisition of buffers and easements,

alternatecultivation techniques,appropriateapplicationof pesticides,andother

in-streamandshorelineprotectionmeasures.

Each plan should be developedand implemented by both agenciesand

landowners. It is imperativethat the public -- particularlylandownersof both

occupied and potential habitat -- be an active part of the planning and

implementingof habitat managementactivities (see RecoveryStrategyand

Task4).

Watershed management plans will recommend compatible and “best

managements’practices,identify incentives,and explain existing regulatory

restrictionswith the rightful expectationof enforcement.Full participationof

local governmentsandconstituenciesis neededfor successfulimplementation.

These landscape-scaleplans are the only realistic means of stabilizing•or

improving thesemussels’populations.

2. Protectandmanaaemusselpopulationsandtheir habitaton asite-specificbasis. This

taskshould be shouldundertakenby all agenciesthat havelegal responsibilityfor

protectingandrecoveringthesetwo listedspecies.Recoveryactivitieswill carriedout

on Federallandswhereverpossible,andincludeotherlistedandcandidatespecieswith

similar ranges. However, few of the populationsof the clubshell and northern

riffleshell are within such areas(Green River in MammothCaveNational Park,for

example).

2.1 Monitor populationstatus,including demographics.at existingsitesthrougha

collecting protocol. Additional surveysare neededto determinethe existing

population status of each species. Where applicable,surveys should be

conductedin conjunctionwith ongoingactivities, such as with the U.S.Forest

Servicein proposedtimberharvestandroadbuildingunits. Surveysshouldbe

conductedon a regularbasisthroughoutthe recoveryperiodfor thesespecies,

as statedunder the RecoveryObjectives.
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To date, survey methodshavevaried widely amongresearchers,resulting in

data that maynot be comparableor repeatable.In order to moreeffectively

characterizethe demographicsof a population,a standardizedprotocol for

surveyingandmonitoringmusselsshould be developed,and its usemandated

by agencies.Surveysshouldbe conductedin a rigorousscientificmethodthat

adequatelyaddressesthequestionsof populationagestructure.Suggestionsfor

formal surveyingof musselsmaybe found in Kovalak eta!. (1986), Isom and

Gooch (1986),Miller andPayne(1988,1993), DowningandDowning(1992),

andMiller et a!. (1992).

2.2 Identify and map both actual and potential threats at existing sites and

potentialtranslocationsites. Waterandsedimentquality shouldbe monitored

in those drainagesharboring either of the two species. In addition, the

potential effects of proposedprojects(commercialdredging,channelization,

impoundment,etc.) on both existing populationsand potential translocation

sites(seeTasksand)should be identified andevaluated.Measuresshouldbe

identified to eliminateexistingthreatsand to addresspotentialones.This task

is an importantbut dynamicconcern.

For the mostpart,the threatsto the drainagesin which thesemusselsoccur

are known in only a genericway. Watershedor ConservationPlans(e.g.,

Habitat ConservationPlans)developedfor each river system(underTask 1)

shouldinclude identificationof threatsandsite-specificmeasuresto eliminate

or minimize thesethreatsto the extentpossible.

2.3 Enforceall laws and regulationspertainingto the collectionof specimensand

protectionof habitat. P!eurobemac!ava andEpioblasnwtorulosarangianaare
protectedby theFederalEndangeredSpeciesAct of 1973,as amended,and

underindividualStateendangeredandthreatenedspecieslawsandregulations,

aswell aslawsspecific to musselprotection(seeConservationMeasures).The

riverine habitatoccupiedthesespeciesreceivessome degreeof protection

under Federaland State water use and quality laws and regulations. As

surveysarecompletedandnew information is gathered,it shouldbe provided

to local, State,andFederal regulatoryagenciesfor use during their permit

review process.
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2.4 Conductsite-specificprotectionandmanapementpro2rams.Key components
of site-specificprotectionwill include: (1) preventionof activitiesdetrimental

to maintenanceofwaterquality standards,within specificareasof jurisdiction,

(2) water quality monitoring, (3) review and input into water quality

designationsas neededto assurelevels above that requiredby the mussel

speciesand their hostswithin aspecificjurisdiction,and(4) monitoringof the

effectsof habitatmanagementactivities.

2.5 Conduct searches,as warranted,for additional populations. Additional

populationsof one or both of thesespeciesmay exist, particularly in some

portions of their known ranges. Searchesof suitable habitat should be

conductedin conjunctionwith otherhabitatprotectionactivities.

3. Collect data on both speciesthat are necessaryfor their recover’.’. In addition to

monitoring the statusof and threats to eachpopulation (Tasks2.1 and 2.2), other

baseline data are neededto provide a better scientific basis for conducting the

inventory and planningefforts describedin Task 1, for resolvingsite- andspecies-

specificissues,andfor potentialmusselrestorationefforts.

3.1 Determinecontaminantsensitivity for eachlife sta2e. It hasbeenshownthat

different life stagesmaydiffer in their sensitivity to contaminants.Glochidia

and newly metamorphosedjuveniles may be more susceptiblethan adults.

Both sub-lethaland lethal levels of pesticides(including B.t.i., Dimilin, and

molluscicides),discharges(includingchlorines,ammonia,heavymetals,andpH

andsalinity changes),etc., shouldbedetermined.

3.2 Completelife history studiesfor eachspecies.This informationwill be used

in monitoring,conservation,and restorationefforts for bothspecies.

3.21 Identify hostsfor eachspecies. At present,no hostsare known for

either species,although relatedunionidshavesomehostsidentified.

Fishesthatareclosely relatedto thoseknownhostsandarepresentin

the drainages of the clubshell and riffleshell may be the best

candidates.It alsois importantto determinebreedingperiods,andthe

availability of hostsin the areaduringtheseperiods.
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3.22 Determinelife history.ecology,andstatusfor identified hosts. Because

theseunionids are obligate parasites,it is important to know the

ecologyand behavior of their hosts. In particular, questionsabout

whetherthehabitatcansupportthehostaswell as the mussel,whether

the host is present in sufficient numbers at the right time for

parasitizationto occur, etc., must be investigated. Once hosts are

determined,distributionandhealth of the hostpopulationsmust be

evaluated.

3.23 Identify nutritional requirementsfor eachlife stage. It is possiblethat

the two species have different food requirements. Additionally,

metamorphosedjuveniles may feed on different items than adults.

Theserequirementsmay be limiting factorsfor oneor bothspecies.

3.24 Determinestablepopulationlevels. Demographicsof thelargestextant

populationsshould be used to identify a target population size and

density. Only populationsshowing recruitmentcan be usedfor this

task.

3.25 Estimate the impact of potential natural predators. Most of the

remainingpopulationsof thesetwo speciesare sufficiently localized

andsparsesuch that natural predatorsmay constitutean important

source of mortality. It may be necessaryto reducethis pressure

throughmanagementpractices.

3.3 Characterizethe habitatthatbestsupportsthesespecies.Thisshould include

an analysisof resultsof waterandsedimentquality monitoring(Task1.3), and

shouldtakean ecosystemapproach.

3.31 Characterizehistoricalsites.Usingliteraturerecords,museumrecords,

and archeologicalexcavations,comparethe historical compositionof

thesiteand its currentstate.This mayhelprevealwhy the specieswas

extirpatedin a given location,and spareothercurrentlyoccupiedsites

the samefate. Translocationshouldnot beundertakenif thecauseof
the original extirpationis not knownor corrected.
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332 Identify theconstituentcomponentsofsuitablehabitatfor eachspecies

.

Information about currently occupiedsites, including, for example,

speciescomposition,flow regime,waterqualityandchemistry,substrate

characteristics,shorelinefeatures,etc.,will be used(1) as baselinedata

for monitoring threatsand habitatmanagementactivities, and (2) to

identify possiblesitesfor translocations,basedon similarity of habitat

composition.

3.4 Undertakegeneticstudiesto determinethe species’limits. At present,there

is no sufficient meansto separatesomepopulationsof Pleurobernaclava from

ovifom?e. Shouldthe pair be foundconspecific,thiswould greatlyincreasethe

rangeandnumberof populationsof this tnxon and perhapschangeits listing

status. Likewise, the relationshipbetweenrangiana and tondosaneedsto be

understood. If rangiana is only the headwaterexpressionof torulosa, then

specimensof rangiana could be used to reintroducetorulosa to largerrivers.

3.5 Identify the potentialeffectsof. andresponsesto. zebraand/orqung~amussel

invasions, and their control measures. Although it is not known if these

introducedmusselswill invade populationsof the clubshell and/or northern

riffleshell, the likely effects of such an invasion should be determined.

Whateverpreventiveor responsemeasuresto suchan invasionmight becalled

for should be initiated. This could include sequesteringthe clubshelland/or

northernriffleshell in man-maderefugia, transplantingwhole populationsto

moreremoteareas,cryogenicallypreservinggametesandlarvae,etc. Research

that is beingconductedinto the spreadandcontrol of theseinvasivespecies

should be followed and applied as appropriate to situationsinvolving the

ecosystemsof the clubshell and/or northern riffleshell. In addition, many

control measuresfor zebramussels(chlorine,etc.)arelikely to be detrimental

to other molluscs,including the clubshell and riffleshell. The use of these

nonspecificmolluscicidesmustbe carefullymonitoredandcontrolled,andthe
effectsof thesemolluscicidesshouldbe determinedfor nativemussels.

4. As needed,restorehabitatsandreintroducethe speciesto suitableareas.To meetthe

criteriafor delistingof bothspecies,eitherexistingpopulationsmustincreasein density

andrange,or new populationsmust be established. Translocationmay thus entail:

(1) bolsteringa smallpopulationthroughartificial infestationsor in vitro culturesfrom

the samepopulation,(2) bolsteringa small populationwith individuals from a larger

NN
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one, and/or (3) introducingindividuals to an areawhere they have beenextirpated.

In attempting to recoverspeciesin immediatejeopardy of extinction, all available

methodsto ensuresurvival mustbe considered;in thiscase,the remainingpopulations

of these musselsare distant from one another,making interbreedingby natural

methodsa virtual impossibility. New populationswill only be establishedby human

intervention. In some caseshabitat must be restored through land management

practicessuch as establishingriparian corridors and buffers, removal of dams or

restoringhistoric watertemperaturesin damdischarges,wise useof “dragging” stream

bedsfor debris,limiting livestock access,etc. Wastewatertreatmentplantsshouldbe

upgraded. Chlorinationpracticesfor theseplants should be modified or abandoned

in favor of less environmentallydestructivemethods.

Measuresshould be takento minimize adverseeffects on thesetwo species. Point

sources,including effluentsfrom industry, wastewateror power plants, mines, etc.,

shouldbe evaluatedfor their potential to adverselyaffect the mussels.and thehabitat.

Appropriateactionsmustbe takento correcttheseproblems.Watershedmanagement

plans should include tasks for monitoring of point sources,and for emergency

responsesto sudden,unforeseenenvironmentalimpacts.

4.1 Selectpotential translocationsites. Sitesthatmayreceivetranslocatedmussels

shouldbe carefully chosen. Clearly, the site should haveadequatesubstrate

andwater quality to promotesurvival. Translocationsitesshould not be in a

location where the new population is subject to extirpation by a single,

foreseeableandcontrollableevent. JenkinsonandHeuer(1986)haveoutlined

in detail their criteria for translocationsites. Summarycriteria, including

severalnot given by thoseauthors,are given here.

- Historic sites. Uteratureandmuseumrecordsoften indicatesitesthat

at one time harboredmussels,but from which the speciesis now extirpated.

Often thecauseof the loss is not preciselyknown. Extirpationmayhavebeen

due to a transienteventthat killed the musselsor hosts, but from which no

refugia were available to reintroduce the species. If habitat quality has

recovered,such sitesmay be optimal choicesfor restoringthe rangeof the

species;however,such sites should be carefully investigatedbefore mussel

introductionstake place. Translocationshould not be madeto historic sites

without an understandingof the causesof the original extirpation.
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- Presumedhistoric range. In manycases,streamsor rivers were never

surveyedbefore being degradedto the point where no evidenceof the

historical fauna remained. If within the historic rangeof the species,these

systemsshouldalsobe candidatetranslocationsites.

- Presenceofthe host. If the host(s)for amusselis known,translocation

sitesshouldbe selectedbasedon the presenceof thathost(s). In lieu of such

knowledge,thesiteshouldcontaincloselyrelatedor ecologicallysimilar species

to thoseknownfrom currentlyoccupiedhabitat.

- Generalhealth of transplantedmussels. Only healthy individuals

shouldbe usedwheneverpossible. The potential to introducenew parasites

or diseasesto the relocation site should be realized. Dying or obviously

diseasedspecimensshouldnot be relocated.

- Other sites in drainagescurrently occupiedby the species.Even if

specificsiteshave,no historical recordsfor the species,suchsitesshouldbe

consideredasameasureof last resort. This is particularlysoif occupiedsites

are separatedby damsor otherobstaclesto fishes thatmay haveartificially

isolatedthe population.

- Securetranslocationsites. Translocationshould not be madeto sites

which arecurrentlyunprotected,or in which threatsto the speciesareknown

to exist.

- Artificial enclosures. If no other recourseis available, musselsmay

haveto bemovedto enclosuressuchas farmandhatcheryponds,andaquaria.

Every effort should be made to maintain habitat parametersas closely as

possibleto thoseof wild populations,which may,admittedly,be difficult to do.

Experimentswith musselskept in enclosureshaveproducedmixed results,and

generallyhavenot dealtwith rarespecies(Howard 1914c,1916, 1922; Corwin

1920, 1921; Humphrey and Simpson1985; Hansonet aL 1988; Humphrey
1988).

4.2 Translocateportionsof existingponulations.Translocationsuccessvariesfrom

• speciesto speciesandis dependenton handling. Whenpossible,translocations

should be conductedin a rigorous,scientific mannerthat will haveheuristic
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value to future projects. To date, translocationsuccessfrom one site to

anotherhas beenambiguous(Isley 1914, Clarke 1967, Imlay 1972, Ahlstedt

1979,Nelson 1982,Koch 1990).

4.21 Develop translocationprotocol. Develop standard methods for

translocatingmusselsin general that maximize survival. Protocol

should include methods of transport (in water, on ice, etc.),

transplanteeplacementin new site (random, aggregated),marking

(tags,paint, etc.),andhandling.

4.22 Translocatereproducineadults. This is the easiestmethodto release

a speciesinto a new area. It should be doneafter breedingseasonto

improve the chancesof moving gravid females. There may be a

thresholddensityfor reproduction(Downing et al. 1993) thatmaynot

be met in the new areawithout recruitment.

4.23 If needed.releasemetamorphosediuveniles. Metamorphosedjuveniles

also may be released, if there are not enough adults to risk

translocation. This methodmay be the most efficientway to bolster

endangeredmussel populations. Metamorphosedjuveniles may be

obtainedby oneof two methods:

- Culturedin vivo. Hosts maybe artificially infestedin the laboratory

and held until glochidia metamorphoseandexcyst. Currently,some

metamorphosedjuvenilesmaybe heldfor severalmonths.

- Culturedin vitro. Glochidiamay be raisedto metamorphosiswithout

infestingahost on artificial media containingfish sera(Meyerset aL

1980; HudsonandIsom 1982, 1984;Isom 1983,1986a,1986b;Ison [sic]

and Hudson 1984) or standardnon-specificingredients(Keller and

Zam 1990; Johnsonet a!. 1993). Presently,glochidiaof somespecies

maybemetamorphosedwith 80-90%survivorshipin non-specificmedia
(A. Keller, USEWS,pers.comm.26 August 1993).

4.24 Releaseinfestedfishes. It alsois possibleto infest artificially fishesand

return them to the wild, where presumably the glochidia will

metamorphoseandexcyst.Barney(1922)foundcircumstantialevidence
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that this processworked,but it hasnot receivedany attentionsince

that time.

4.3 Releaseadditionalhosts. If existinghostsareidentified,reproductionin extant

populationstheoreticallymay be bolsteredby the releaseof additional host

fishes(Bauer1988). To the authorsknowledge,this hasnot beentried.

4.4 Monitor new populations. Newly introduced populations through

transplantationof adultsmaybe easilymonitored. Theseshouldbe examined

at least annually to determinemortality. Samplesof substrateshould be

examinedafter 2-3 yearsfor developingjuveniles. Populationsbolsteredby

releaseof infestedfishescannotbe monitoredin a rigorousway becauseof fish

dispersal. Samplesof presumedoptimal habitatshould be sampledevery2-3

yearsfor juveniles.

5. Enlist public support for the recoveryprocessthrou2h an outreachpro2ram and

incentives.Publicawarenessisvital to achievinglocal andsocietalsupportfor recovery

of thesespecies. Public supportshould be soughtthrough traditional meanssuchas

educational and interpretive programsthat can engagepeople’s imagination and
concern,as well as through innovative efforts to forge partnershipsand provide

incentivesfor thoughtfulconservationof aquaticresources.Thelatterapproachescan

bestbe implementedthroughparticipation in local civic processesand through the

landscape-scaleplans discussedin Task 1.

5.1 Developmentanddistributeaneducationalvideo. Most peoplearenot aware

of the role of musselsin nature,or their specializedlife cycle. A video,either

to be developedor modifying one that hasalreadybeenproduced,could be

usedto give peoplean appreciationof wheremusselslive, how they live, and

why theyshouldbeprotected.

5.2 Increasepublic and agencyawarenessof existing laws that protect these

species.In addition to the FederalEndangeredSpeciesAct, moststateshave

laws protectingmusselsandothernongamewildlife. An explanationof these

laws and their purposeshould be provided to landownersand the general

public (particularly duringthe watershedmanagementplanningprocess,Task

2.4) to demonstratethe valueof musselsand the role that the public andtheir

agencyrepresentativesplay in protectionof thesespecies.StateandFederal
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agenciesshouldbe encouragedto assistin the recoveryprocessby vigorously

enforcingall existing lawsand regulations.

5.3 Encourai~epublic involvement in the recovery process. Hands-on, field

experienceis the bestway to generateinterest and increaseawarenessof

environmentalissues. Agenciesshould promotecampaignssuch as “adopt a

stream” cleanup programs,stream monitoring as classroomprojects, and

neighborhoodwatches for violators of clean water and wildlife laws (e.g.,

regulationsagainstpoachingandvandalism).

5.4 Develop anddistributeeducationalmaterials. Brochuresillustrating mussels

and their life cycle should be madeavailable through extensionservices,at

parksandmuseums,andpossiblythroughthe mail. Additional brochuresthat

focuson endangeredor rare musselsshould be developedanddistributed.

55 Usemediaopportunitiesto reachthe generalpublic. The most efficient way

to reachlargenumbersof peopleis through the media. Local newspapersand

television newscasts may be receptive to stories about educational

demonstrations,cleanup programs,and human interest stories involving

mussels. Enthusiasmandthoughtfully wordedexplanationscould go far in

increasing public awarenessof issues involving these speciesand their

ecosystems.

5.6 Make presentations.Educationaldemonstrationsof musselnaturalhistory --

whetherin the field or asaslideshow -- couldbe given to awidespectrumof

audienceswith a little customizing. Suchdemonstrationscould bepresented

to scout troops, local conservation clubs, college seminars, agency

representatives,etc. Lecturersshouldbeableto speakto awide audienceand
be preparedto answercomplexquestions.An accompanyinghands-onsynoptic
collectionwould be very useful.
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PART III: IMPLEMENTATION

TheImplementationSchedulelists andrankstasksthatshouldbeundertakenwithin thenext
threeyearsin orderto implementrecoveryof Pleurobemaclava andEpioblasmatorulosa rangiana.

Thisschedulewill be reviewedannuallyuntil the recoveryobjectiveis met,and prioritiesand tasks
will be subjectto revision. Tasksare presentedin order of priority.

Key to ImplementationScheduleColumn 1

Taskpriorities are set accordingto the following standards:

Priority 1: Thoseactionsthatmustbe takento preventextinctionor to preventthespeciesfrom
decliningirreversiblyin the foreseeablefuture.

Priority 2: Those actions that must be taken to prevent a significant decline in species
population,or someothersignificant impactshortof extinction.

Priority 3: All otheractionsnecessaryto provide for full recoveryof the species.

Key to AgencyDesi2nationsin Column 5

— U.S. FishandWildlife Service
— Regions3, 4, and5, U.S.FishandWildlife Service.
— Division of EcologicalServices,U.S. FishandWildlife Service
— Division of Fisheries,U.S.FishandWildlife Service
— Division ofEnvironmentalContaminants,U.S. Fishand Wildlife Service
— EnvironmentalProtectionAgency
— U.S.Army Corpsof Engineers
— NationalParkService
— U.S. ForestService
— NationalBiological Service
— Staenaturalresourceagencies
— TheNatureConservancy
— Otherconservationorganizationsand land trusts
— Academicinstitutions
— Privateorganizations,including researchinstitutes

USFWS
R3, R4, P.5
ES
FT
BC
EPA
GOB
NPS
ES
NBS
SRA
TNC
CO
Al
Pa
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IMPr.PMENTATION SCHEDULE
Clubshell and Northern Riffleshell RecoveryPlan

September1994

Priotity Task 1~es~ription Number DuraHon

~espons~bIeAgen~

iJSFWS Other

Cost Estjmates(000)

FYi FY2 FY3 Comments

1Delineatethe ecosystemsfor the
priority drainagesidentified for each
species.

1.1 5 years R3/R4/R5
ES, EC,

Fl

NBS
SRA
TNC

10 10 10 + 10K/yr for FY4 and FY5.

1As a near-termconservation
measure,identify andparticipatein
ongoingenvironmentalplanningand
regulatorycomplianceprocesses
within each ecosystem.

1.4 ongoing R3/R4/R5
ES

EPA
COF
SRA

9 6 + 30K total overFY4-FY25.

Monitor populationstatus,including
demographics,at existing Sites
through a collectingprotocol.

2.1 ongoing R3/R4/R5
ES

SRA
TNC

50 50 50 + 15K/yr for FY4-FY25.

1Identify and map both actual and
potential threatsat existing sitesand
potential translocationsites.

2.2 ongoing R3/R4/R5
ES

EPA
NBS
SRA

25 25 25 Spot samplingover recovery
period in conjunctionwith Task
2.1. 125K total
projectedcostfor FY4-FY2$.

Enforceall laws and regulations
pertaining to the collection of
specimensand protectionof mussel
habitat.

2.3 ongoing R3/R4/RS
ES

EPA
COE
SPA

No itemizedcosts.

1Determinecontaminantsensitivity
for each life stage.

3.1 4 years R3/R41R5
ES

EPA 30 30 30 + 30K in FY4.

1Completelife history studiesfor
each species.

3.2 2 years R31R4/R5
ES

Al 50 50 Possiblefollow-up studiesas
needed.Costsnot included.

IIdentify the potential effectsof, and
responsesto, zebraand/orquagga
musselinvasions,and their control
measures.

3.5 periodic R3/R4/R5
ES, Fl

SPA 10 + lOKkr for 3 years. This task
will rely in large part on studies
conductedunderotherauspices.



Clubshell ~iici Nc~rthernRiffleshell RecoveryPlan Imnlementation Schedule (continuedV Seotember1994

3 Undertakegeneticstudiesto
determinethe specieslimits.

3.4 2 years Al
P0

12 12

3 Releaseadditional hosts. 4.3 3 years R3/R41R5
ES, Ft

SPA Not likely to be initiated within
the first 3 fiscalyears. Total
projectedcostof 50K.

3 Monitor new populations. 4.4 20 years R31R41R5
ES

SPA 15 + 15K/yr for FY4-FY22.

3 Distribute an educationalvideo. 5.1 ongoing R3/R4/R5
ES

NPS
FS

SPA

A freshwatermusselvideo has
beendeveloped.

3 Develop and distributeeducational
materials.

5.4 ongoing R3/R4/R5
ES

NPS
FS

S RA

8 + 8K/yr over 10 years,
periodically.

3 Use mediaopportunitiesto reach
the generalpublic.

5.5 ongoing R3/R41R5
ES

SPA No itemizedcosts.

3 Make presentations. 5.6 ongoing R3/R4/RS
ES

SPA 2 1 1 + 1K/yr for FY4-FY25.

3 Identify otherresourcevalueswithin 1.2 2 years R3/R4/P.S SPA 9 6
each ecosystem. ES,FI TNC

CO
Al



2 Help developand implement
comprehensivewatershedplans.

1.5 8 years R3/R4/R5
ES

SPA 50 50 50 + 50K/yr for 5 more years
(planning for approximately 2

drainages,~r).
2 Conductsite-specificprotectionand

managementprograms.
2.4 ongoing R3/R4/RS

ES, Ft
EPA
NPS
FS

SPA
TNC

10 10 10 + 10K/yr for FY4-FY2S.

2 Conductsearches,as warranted,for
additional populations.

2.5 3 years R3/R41R5
ES, EC,

Fl

SPA
TNC

25 25 25

2 Characterizethe habitatthat best
supportsthesespecies.

3.3 2 years R3/R4/RS
ES

NBS
SPA

Al
P0

20 20 Acquire data in conjunctionwith
Tasks2.1,2.2, 3.1, and 3.2.

2 Selectpotential translocationsites. 4.1 2 years R3/R4/R5
ES

SPA
TNC
CO
Al

10 + 10K in FY4.

2 Translocateportionsof. existing

populations.

4.2 10 years R3/R4/R5

ES, Ft

SRA 35 + 35K/yr for 9 years.

2 Increasepublic and agency
awarenessof existing laws that
protectthesespecies.

5.2 3 years R3/R4/R5
ESI

SRA 3 3 3

2 Encouragepublic involvementin the

recoveryprocess.

5.3 5 years R.3/R4/R5

ES

SRA

TNC

5 5 5 + 5K/yr for FY4 and Pr’S.II

II

Clubshell and NorthernRiffleshell RecoveryPlan ImplementationSchedule(...

Identify activitiesor practiceswithin R3/R4/R5 EPA
each ecosystemthat may affect the ES, EC, SPA
clubshellandnorthernriffleshell as Fl
well as othersensitiveresources.



APPENDIX: LIST OF REVIEWERS

Thefollowing individualsandagenciessubmittedcommentson the Technical/Agency
draft of the Clubshelland NorthernRiffleshell RecoveryPlan. All lettersof commentand
responsesareon file in theU.S. FishandWildlife Service’sWestVirginia Field Office,Elkins,
WestVirginia.

RobertM. Anderson
AquaticNongameBiologist
IndianaDepartmentof NaturalResources
Division of Fish and Wildlife
402 WestWashingtonStreet
Indianapolis,Indiana 46204

CharlesW. Bier
NaturalScienceandStewardship

Department
WesternPennsylvaniaConservancy
Pittsburgh,Pennsylvania15222

Richard(3. Biggins
U.S. FishandWildlife Service
Ashville Field Office
330 RidgefleldCourt
Asheville,NorthCarolina 28806

RonaldR Cicerello
KentuckyStateNaturePreserves

Commission
407 Broadway
Frankfort,Kentucky 40601

Heidi L Dunn
EcologicalSpecialists,Inc.
95 Algana Court
St. Peters,Missouri 63376

RaymondL. Hasse
WaterPollution Biologist
WaterManagement
PennsylvaniaDepartmentof

EnvironmentalResources
NorthwestRegionalOffice
1012 WaterStreet
Meadville,Pennsylvania16335

Michael 0. HoIm
NationalParkService
ActingSuperintendent
MammothCaveNationalPark
MammothCave,Kentucky 42259

David C. Hudak,Supervisor
JenniferSzymanski,EndangeredSpecies

Biologist
U.S. Fish and Wildlife Service
BloomingtonField Office
620 SouthWalkerStreet
Bloomington, Indiana 47403

Kevin R Kelly
WaterPollution Biologist
PennsylvaniaDepartmentof

EnvironmentalResources
Bureauof Water Quality Management
PostOffice Box 8465
Harrisburg,Pennsylvania 17105



LauraM. Knoth
Naturaland EnvironmentalResources
KentuckyFarm BureauFederation
9201 BunsenParkway
PostOffice Box 20700
Louisville, Kentucky 40250

Kent E. Kroonemeyer,Supervisor
Buddy B. Fazio, EndangeredSpecies

Biologist
U.S. FishandWildlife Service
ReynoldsburgOhio Field Office
6950-HAmerican Parkway
Reynoldsburg,Ohio 43068

RobertMcCance,Jr.
Director
KentuckyStateNaturePreserves
Commission
407 Broadway
Frankfort,Kentucky 40601

T. Rooney
M. Moran
D. Weigman
T. Callaghan
EcologyProgram,Departmentof Biology
Universityof Delaware
Newark,Delaware 19716

ThomasRooney
Staff Ecologist
PreserveAppalachianWilderness
57 ChoateStreet
Newark, Delaware 19711

Robin Smith
ExecutiveDirector
In Defenseof EndangeredSpecies
PostOffice Box 21314
Columbus,Ohio 43221

Maiy Rabe
Michigan NaturalFeaturesInventory
StevensT. MasonBuilding
PostOffice Box 30028
Lansing,Michigan 48909



For further information regardingthis recoveryplan,pleasecontact:

Bill Tolin
U.S. Fish andWildlife Service

West Virginia Field Office
Route250 South,Elkins ShoppingPlaza

Elkins, WestVirginia 26241
telephone(304)636-6586


