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DISCLAIMER

THIS IS THE COMPLETED TAN RIFFLE SHELL PEARLY MUSSEL RECOVERY PLAN. IT HAS
BEEN APPROVED BY THE U.S. FISH AND WILDLIFE SERVICE. IT DOES NOT
NECESSARILY REPRESENT OFFICIAL POSITIONS OR APPROVALS OF COOPERATING
AGENCIES, AND IT DOES NOT NECESSARILY REPRESENT THE VIEWS OF ALL INDIVIDUALS
WHO PLAYED A ROLE IN PREPARING THIS PLAN. THIS PLAN IS SUBJECT TO
MODIFICATION AS DICTATED BY NEW FINDINGS, CHANGES IN SPECIES STATUS, AND
COMPLETION OF TASKS DESCRIBED IN THE PLAN. GOALS AND OBJECTIVES WILL BE
ATTAINED AND FUNDS EXPENDED CONTINGENT UPON APPROPRIATIONS, PRIORITIES, AND
OTHER CONSTRAINTS.

THE RECOVERY PLANS FOR THE MUSSEL AND FISH SPECIES OF THE TENNESSEE RIVER
VALLEY HAVE BEEN DEVELOPED ON A SPECIES-BY-SPECIES BASIS. FOR
[MPLEMENTATION PURPOSES, THE PLANS WILL BE CONSOLIDATED ON A WATERSHED
BASIS, AND THE NEEDS OF ALL LISTED SPECIES IN THAT SYSTEM WILL BE ADDRESSED.

Literature citations should read as follows:

U.S. Fish and Wildlife Service. 1984, Tan Riffle Shell Pearly Mussel
Recovery Plan. U.S. Fish and Wildlife Service, Atlanta, Georgia.
59 pp.

ADDITIONAL COPIES ARE FOR SALE FROM:

FISH AND WILDLIFE REFERENCE SERVICE
1776 E. JEFFERSON STREET

4TH FLOOR

ROCKVILLE, MARYLAND 20852

301/468-1737, Ext. 326
1-800-582-3421
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Part I

IRTRGDUCTICOH

The most diverse {reshvater mussel (neiad) faune 1in the
world occurs in Forth Americe and consists of approximetely
227 species, described since the late 18th century (Burch
1975) «  oune of the meajor centers of mussel speciastion in
North America is located in the Cumberland Plateau Kegaon of
the southeastern United States, vwhere headwater tributaries
of the Tennessee and Cumberland Fivers are inhabited by 45
endenic or *Cumberliandian® species (Grtmanp 1924y . Of the
43 species of mussels in the United States listed as

endanvered by the United States Department of the Interior,

e

13 belong to this Cusberlendian group. EHploblaSpe wWolkell,

the tan priffie shell mussel, is one of these Cumberlandian
species that was listed as endanvgered on august 23, 1977

{(Federal Register 42:423571-42353) .

The tan riffle shell mussel was first described under

the binowial Trupciile welkeri by wWilson and Clark (1914)

frow the Fast Fork of the Stones River, Tennegsee (TN} .
Since then, its taxopomic validity has been cuestioned by

several malescologists. The confusing history of

womnia=kFlagicla)

nowmenclietorial chances for Ipioblasma (=D

Farmalee {1983}, and a complete

was summarized by B

syponyny for the species is provided in Stamnsbery (1976} .



Epioblasma walkeri is a medium~sized species characterized

by dull brownish-green or yvellowish-¢green periostracul with
nurercus faint green rays evenly distributed over the valve
surface (Bocan and Parmalee 1963y . Valves sre inequialaterel
and subinflated, with uneven ¢rowth checks (see photo} .

Both valves contain twoe smell triencular pseudocardinal
teeth. Latersl teeth are short and curved, dgouble in the
left valve and single (sometimes double) ain the right valve.
The palliel line is distinct anteriorly, and nacre coliocr is
bluish-white. Sexual dimorphisks is readily apparent in this
species. The posterior ridge of the male shell appears

faintly doubled, ending in e siight bkiangulation

&

posteriorly; umbo is full, elevated, and slightly anterior

. has a propounced marsuplal

k3

11

=3

&
| -

e she

of the middie. The fe
sweliling posteriocrly, defined by anterior and posterior
sulci and often serrated along the ventral margin. Umbo
iccetion 1% in the anterior third of the shell, and the
posterior ridge is scarcely visible. The posterior swelling

of female E. walkeri is very thin and typically has one or

b

rore constrictions which give the shell a multilobed

appearance (Stansbery 1976). P discussion of the taxonomic

characte and facies of this species and their similarity
to E. florentins is presented in Ortmwann (1918, 1924y,

Stansbery (1876}, and Johnson (1978) .



DISTEIDUTIGH

Historical

Epicoblasmas walkKeri epparently had a restricted

o

distribution in the Cumberland and Tennessee Hiver systess.
The type locaelity is the Rast Fork Stones River at
Walterbill in Rutherford County, TH. Stansbery {1476}
reported specimens collected in 196h4-1966 from the Stones
River and East Fork Stones Fiver, but stated that the Stones
Fiver population may have been extirpated since then.

Peel and Bllen (1964) collected k. walkeri in beaver
Creek, o tributary of the Cowbeirland Kiver, Kentucky (K¥}.
They reported that this species once occcurred in the Biy
South Fork but colliected no specimens during thelr surivey .

Illustrsetions of Epioblasma florentinpa in Neel and Allen

{1964}y are toought to be L. walkeri (Stansbery 1976¢). it

e
i

s0, the tan riffle shell appurently resided in the
Cumberliand River dovwustreasn to Neeley's Ford, Cumberland
County, EY¥. Ortmann {1924} collected a male specimen from

the Cumberland River near Burnside, Puleski County, EY. &

!

valve of =i was also collected by Ortmann (1924)

from the River, a tributary of the Cumnberland, at

Belleview in Davidson County, TH. An additional record for

the

the tan rviffle shell in the Cumberland drainage ipolud

o

lower Red ERiver, HBontgomery County, TH (Stansbery 1976) .



4
h specimen colliected by Marsh and Hinckley in 1884 from

the Duck kKiver may have been E. walkeri (Urtmann 1524,

et 3

Stansbery 1976} . Ortmann (1924} collectec this species from

two sites on the Duck Eiver; Lillard's Mills and Wilhoite,

e

tarshall County, 8. In 1931, Goodrich and vean del Schalie

surveved the Duock Fiver drainage and collected specismens of

E. walkeri at ¥Wilhoite and Hardinsont's Mill, Mershall County

and Colupbia, Haury County, TH {(van der Schalie 19735 . They
also coliected specimens in the PBuitaloe RKiver above Linden
and north of Gobelsville, Perry County, TH. Stansbery

{1976} reported one specimen frow the Duck Hiver in 14964,
but & survey of Ortmenn's collection sites in 1965 by Lson

and Yokley (1968) did not vecord this species.

In the upper Tennessee River drainaege, a single valve

of the tap rvifile shell was collecten in 14965 1{row the
Clinch FRiver (Stansbery 1976), but no previcus ol subsequent
records are known. Thive collection records aie availalble
for the HMiddle Fork Holston River, Virginis (VA); Ortmann
{1918) recorded it at Chilhowie in Swmyth County, Stansbery
{19767 included & 1908 collection rvecord, and Johnson {(1978)
reported a collection record 3.7 miles south of Glade

Spring. In the Scuth Fork Holston River, Ortmann (1918)

‘w.w

collected specimens at Parron, Washincton County, VA and
Emwett, Sullivan County, TH. Stansbery and Clench {1978}
.

reported a record of E. walkeri by C. C. Adams in 1907 also

at Barron, but they did not collect it during their survey.
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w %

Specimens colliected by Ortmann (1918} from the meinsten

Holston River sbove Knoxvilie {(Grainver and Knox Counties,

s
in

TH) and reported as L. florentins were later reidentifaed
E. walkeri (OGrtmann 1924) . Since this species resided in
the South Fork, Hiddle Fork, end mein stenm of the Holston
River drainage, it probably occcurred in the North Fork as
well. The ten rifile shell has not been recorded ifirom the
Fowell River.

kFdditional records of E. walkeri inciude locaticns in

the Flint River at Gurley and in Hurricane Creek at

a4

& in Madison County, Rlabarps (AL) , and in Limestone

3%1

Haysvil

L=
g

Creek, Hooresville in Liwmestone County, AL {Ortmeann 1924} .
¥

Johnson (1978} considers the tan riffle shell to be a

compressed tributary form of Plagiola (=Epicblasug)

florentipa. Designation of bis HCY (Museum of Cowmpuerative

~Harvard) records for the Tennessee and Cumberland
River systems to E. waikeri or E. florepntins thereiore is
not possible at this time. Except for a record (probably E.
walkerij from the Obey River at Duncan Ford, Pickett County,
T8, BCZ records appear to corrcborate the historical

distribution of this species as sumrparized. & synopsis of

historical records for Epicblasms walkeri is presented in

wwm

Table 1.



Table 1.
pricr to 1970C.

hHistorical records of Epioblas

o

s Walkeri collected

B

River

keference

South Fork Holston Eiver

Fiddle Fork Holston River

Holston River
Clinch Faver

Cunberliand Eiveyr

Fi¢ South Fork
Beaver (Creek

East Fork Stones Eiver

Stones River
Fed River
Harpeth River
Fuffaelo River
Ubey Kiver 7

DBuck Rivex

Flint River
Furricane Creek

Linestone Creck

(1901) *
(1916}

Adams
Oriwann

(1918}
(1976)

Grtmann
Stansbery

Urtmann {(1924)

Stapsbery (1976}
Ortmann (1925}
Neel and Bllen (1964)

Heel and Ellen (1964}

Weel and Allen (1Y964)
¥ilson and Clark ({1974)
Stansbery {1970}

Stansbery (14706}

(1976}

Stansbery

Ortmann (1924)

van der Schalie (1973}

Johnson {1976}

harsh (1685) %%
Ortmann (1924)

van der Schalie (1973)
Stenshery (1976}

Crtmanp (1924}

Ortmann {WZ4)

Ortmane {1924}

#*Cited in Stansbery and Clench
{1976}

**(Cited in Stansbery

(1978}



Present

Extant populations were thought to cccur in the Duck
Fiver, Fed River, and Hiddle Fork Holston kiver (Stansbery
1976) . However, & survey of the Red Kiver an 1977 by Bogan
and Parmeliee (1983) did not report k. walkeri. Similarly,

Ahlstedt (1980} conducted & survey of the Duck River from

I Y

e

Columbia, Maury County (DRE 13%1.0} to Normandy Da
bBedford County, TH (DEW 248.6} and found wo evidence of the
tan riffle shell. The only recent collection recoids (since

1970y {ovr E. walkeri are from the Fiddle Fork Holston Kiver,

i

V& (Ficvure 1) . Specimens weipe collected at Fiddle Pork
Church (MFHEM 29.% in Smyth County and &t Craig pridge
(MFHRE 18.4) in Washington County irom 1970 to 1474 by
Stanspery anc Clench (1975). Heves et al. (1980} also
recorded a live female and seversl valves of L. vwalkeri at
Craig Fridoge in 1979. These collections in the HMiddle Fork
are apparently the only recent records of the species,

although an intensive survey of the Duck River and Hed River

is peeded to confirm the loss of those populations.

BECOLOGY BAND LIFE HISTORY

Yhe life history and ecological reguirements of the tan

e

riffle shell are unknown. The type locality was described

s sheilow and turbid with nuwmerous riifles; substrate

consisted of loome vocks and gravel bars with an abundance

e



&
of water willow (¥Wilson and Clark 1914} . COrtwmwann (1924}
collected it in ereas of the Duck River with swift current
and send and grevel substryrate, among dense weed patches.
Heves et al. (1980) found the species in riffle habitat
below a rock outcroppinty. 5Since . walkeri is considered e
headwater form, it appears to inhebit coarse substrate in
riffle areas of small to poderate-sized rivers.

The reproductive cycle of freshwater pussels appears to
be similer among all species ({Figure 2} . During the
spawning period, males discharve sperm into the water
~olumn, and the sperm are taken in by females during

siphoping. Fggs ere fertilized in the suprebranchiel cavity

or ¢ilils, which also serve as marsupis for lerval

development to mature glochidia. Fembers of the Unionidae
exhibit two reproductive wmodes based on the length of time
glochidia are retained in the villes of females (Urimarmm

1911y . FPertilization occurs in the spring in tachytictic
pussels (short-term breeders) and vlochidia are released
during spring and summer. In bradytictic species (long-tern
breeders) , fertilizetion ocours inp mid-summer and fall, and

glochidia are released the following spring and sumper.

Glochidiel release for some bradytictic species also has

been observed during fall and winter {fal Upon
release into the water column, mature glochidia attach to

the gills and fins of appropriate host fishes to encyst and

eventually metamorphose to the -juvenile stage.
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bpioblaesma walkerl is assumed to be a long-term

s

breeder, based on biological datae for other Epioblasma
species (Ortmann 1919, Bogan and Parmalee 1963) . The
posterior halves of the female's outer gills are probably
filled with clochidia by fall, and these glochidia are
released in spriny and early summer. Fish hosts for this

species are UnKnown.

FERSONS FUOR DECLIHL

Intensive industrial and syricultural development of
the Tennessee and Cumberland Valleys sinpce the eariy 1900°%s
has had s sionificant impact upon the pussel fauna
inhabiting these river basins. Daps were constructed to
impound water for industrial end municipal needs, coal
mining was increased to meet energy needs, and herbicides
and pesticides were pore heavily applied so that higher
vields could sustain an ever—expanding population. This
increase in development has resulted in a significant
decline in mussel populations of the Tennessee and
Cumberland Rivers and their tributsries. The naiad fauna
was severely reduced in some streams becauvse habitat was
destroyed by siltation, channelization, and pollution which
directly affected all mussel species. Habitat destruction
or change {(i.e. from lotic to lentic) also reduced the

number of native fish species inhabiting a river section and

thus fjeopardized the re

roductive potentiel of mussels by

removing fish hosts essential for glochidial metamorphosis.
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Some streams and rivers in the Tennessee and Cumberland
River dreinacves have been altered extensively, and 1t is
unlikely that they will ever again sustein a diverse mussel

tauna. In order for Epicblasma walkeri to recover, the

effects ol men's activities must be identaified and efforts
wade to curb further destruction oi hablitat and water
guality decradation. The following sections review
environwental alterations in the Tennessee and Cumberland
River systems and how these changes are thought to have

contributed to depletion of the naiad faune, including the

tan riffle shell.

Impoundrent

Daw construction ip the upper Tennessee Rivel may have
been the most sivnificent factor contributing to the decline
of the ten rififle shell and other Cumberlandian species in
this drainage. Theye are 48 hvdroelectric dams within the
Tennessee River basin, 29 owned and operated by TVA and 19
run by privately-owned utilities (F.F.E.C. 1981%1). TVA owns
a total of 36 dawrs, 9 multi-purpose reservoirg on the main-

sterw Tennessee Kiver proper prirarily for flcod control and

water tributaries for fiood

i

pavigation, anpd 27 on its he

rps of

control, hydro-power, or recreation. The Aimy Co

ers has constructed five dams on the Cusberland Hivey

Engin
and five on headwater tributaries (TVAE 1984} . 9YA curvently

manages one impoundment on the Cumberland River.
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E total of 51 impoundments constructed by the Army
Corps of Engineers, TVA, or the Aluminum Company of America
{(Alcoa) on the Tenpnessee and Cumberland Fivers have
eliminated large sections of riverine habitat within the

¢ range of mwany naiad species ({(Ahlstedt 1982) . The

},.i.

histor

Lér}

uppernost dam on the South Fork Holston River was closed in
1950 and impounded the river ip Sullivan County, TF and
Washington County, VA. Appalachian Fower Company owns and
operates FEdmonson Dam on the Middle Fork iiolston Rivel

(MFHRE 14.%1), Washinoton County, Vi. DBoth of these

jmpoundsments eliminated historical habitat of the tan riifle

"

shell in Virginie. 9Two impouvndments in the Cumberland

P

drainage have apparently impacted populations of L. walkeri.
Closure of Wolf Creek Dam in Adugust 1950 inundated the
Cumberland Kiver and the Jlower reaches of most of its

tributaries from Koweena Ferry, Russell County, KY to

Cumberlana Falls. E. walkeri occcurred in Beaver Creek, one

of these tributeries (Neel and Rllen 1964) . The population

of the tan riffle shell in the Stones River systenm was

&

ot
frand
-
o
e
e
&
o
e
-
-
P
e
[
&

-

Percy Priest Reservoir (Stansberny

apparently
1976) « Stansbery's pre-—impoundwent survey (19651968}
listed 45 species, including E. walkeri. A recent suivey in

Pt

:cies, but not E. walkerdi

this river reported 30 mussel

{(Schmidt 19

The effects of impoundment on some mussel species

inhabiting lotic systems have been well-documented. OGrtmann



(1925} published his study of the mussels of the Tennessee
kRiver below Welden Gorge because he witnessed the most
famous and unigue locality for paiads, Muscle Shoals, AL,
destroved by the construction of Wilson Dame. Scruvos (1960)

speculated that naetural replecement of Pleurobema coprdetum,

the pigtoe, was hampered 1in Wheeler and Chickamauua
Feservoirs due to poor survival of glochidis in the
environment and the elimination of fish hosts from the
svsten. ?he)mﬂcu&u}&timn of =silit over favorable haebitet was
alsc sugvested to bhe detrimental to all sge classes of P.

cordatum. Juveniles of wost species were rarvely taken, with

onty Truncills dopaciformis Suveniles {silt-tolerant

species) being found in any abundance. In Kentucky
Reservoitr, conversion from a lotic to lentic environment
spparently altered the mussel founa by eliminating those
species which prefer firm gravel substrate (Bates 1962) .
Post—impoundsent surveys have indicated that only species of
the Anodontinae and Lampsilipnse, which regularly inhabit
puck and sand substrates, have survived and increased in
ahundance .

Feller {1974y felt that siltation was the most

adverse effect of impoundment. Other factors

detrimental to pussel

survival beceause of reservelrs include

lowered temperatures, changes in pH, oxyg depletion in the

hypolimnion, and dewatering of mussel beds below dans.

fiypolimnial discherges from reservoirs produce cold

-
i
.
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tailwater conditions which alter the typical fish and
benthic assemblacges. Fuller stressed that these changes
associated with inundation adversely affect both juvenile

and aduvlt mussels and also alter the native fish fauna,

;.w_a

eliminating possible fish hosts for glochidia.

&

i3t dervived {rom erosion in the Tennessee and

Cumberlend Valleys originates from poorly implemented land

3
use practices involvine strip mining, road construction,
forestry and agricultural operstions. Ceoal mining wastes
also contribute to the silt loac in these rivers and their
tributaries. Freshvwater mussels are long—lived and
sedeptary, unable to pove to more favorable habitats when
=ilt is deposited over mussel beds. Ellis (1936} found that

nussels could not survive in substrete on which silt {U.o -

2.5 ¢y was allowed to ascoumulate; death wag attributed to

interference with feeding and suffocation. In this same

sllis determined that siltation frowm scil ercsion

i
s
&
[l

o
=
bt

reduced light penetration, altered heat exchange in the
water, and sllowed organic and toxic substances to be
carried to the bottom where they were retained for long
periods of time. This resulted in further oxygen depletion

and possible absorption of these toxicants by mussels

{(Harwen 1974y . Schmidt (1982) felt that silt loads frowm

unauthorized gra dredging coupled with low flow during
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summer monpths may have contributed to the decline of neiads
in the Stones River.

Frosion silt is nov¥ & common element of the impounded
Tennessee River (Scruges 1960, Bates 1964, Williams 196Y9) .
Following heevy rains, tributary streams of the Tennessce
become cuite turbid and much of this turbidity has been
chserved as direct run-c¢ff from surrounding agricultural
land. Sediment loads during hich dischearue may be abrasive

to mollusk shells. Erosion of the periostracum allows

carbonric and cother acids to reach and ercde underlying shel

fores

lavers (Herwman 1974). Feeding wmollusks respond to heavy
siltation by instinctive closure of their valves, since
irritaetion and clogging of the gills and other feeding
structures occuis when suspended sediments are siphoned from
the water column (Loar et al. 1980} . BRithouygh nussels
possess the ability to secrete mucus to remove silt frowm
body tissves, Ellis (1936) observed dying wussels with large
guantities of silt in their ¢ills and mantle cavities.

Coal fines entering Tennessee and Cumberland River
tributaries are contributing to the natural sediment loads
glready present in these streams. However, very little is
known about the effects of coal wastes on the mussel fauna.
Branson and Patch (1972 poted that siltation levels in

Kentucky streams affected by coel mining were 15 to 30 ti

kigher than those Lound in stresms outsi mining ereas, aund

this higher miltetion decreased the abundance of benthic
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organisms by 90 percent in one year. Al increase in demand
for coal wmay result in bigher silt loads in the Cumberland
Hiver systen ({(Branson 1974) . 7Three substances associated
with wining — pyrites, marcasites, and black amorphous
pyrite — react with water and air, producing ferrcus sulfate

and hyvdrosulfuric aecid which lower pH. HKitchel et al.

(1981 cobserved in laboratory experiments that mussels in
substrates with varying amounts of coal wastes moved more
often than mussels in netural substrate. Mussels placed in
tanks with ccoal fines in suspension did not siphon as
frequently as mussels in reference tanks, indicating that
coal fines can appsrently interfere with normal feeding

&

processes and may eventually produce chionpic effects

P
s
e

{(Fitchel et al. 1981y . <

o]
:

(1982} researched the

e
Ly
i~
W

treatebiliity of coal contaminatec wastewaters and sudggested
that recoverv of some of these wastes is cost-benelicieal.
Feclamation of this material by the coal companies would

improve substrate and water guality in several streams and

bl

Several studies have investicated the effects of

ler

;Ms

specitic chewicals and heavy metals on mussels. Fu
{19748y reviewed the effects of arsenic, cadmium, chlorine,
copper, iron, mercury, nitrogen, phosphorus, potassiuvm, and

zino on npaladse. Of the heavy metals, zipe was noted as the
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most toxic, whereas copper, mercury, and silver were less
streams through

harmful. Nitrogen and phosphorus, entering

.
agricultural run-—off, tend to organically enrich streams and
affect both mussels and their fish hosts. Inlay (1973)
studied the effects of different levels of potassium, an

industrial pollutant associeted with peper mills, irrigation

return water, and petroleusm brine. The maximunm level of

,M
Q
[
o
w
o~
tts
<

which most mussel species could tolerate was 4 to
10 mgs1. Chlorination frowm sewage treatment plants is
suspected of eliminating mollusks downstream (Stansbery and
Stein 1976}, wlthouyh no corrcborative studies are
availeble.

Fecent studies onp contaminants have focused primarily
i 3

it

on heavy metal effecte opn mussels . FHathis and Cummings
(1973} investigated concentrations of certain heavy metals
{(copper, nickel, lead, chromiuvm, zinc, cobalt, cedmium} 1n
the sedipents, vater, pusselg, Tishes and tubificids in the

s

I1linois River. HMussels analyzed (Fusconaia flava,

¥

plicata, Cuadriulas guadrulia) conteined higher concentrations

of all metals than the water and lover concentrations than
sediments . Hussels concentrated zine to & greater degree
than fishes or tublificids; all other meltals were accumulated
to interpediste concentretions. Selanki and Varaenka (1976
found that the rhythmic activity (siphoning} of Ancdonta
cygnea was reduced by 10 percent when exposed to 109 ¢g/1L of

copper sulfeate; the chewical was lethal at 103 ¢s/1 (1 ppn) .
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Selanki (1979) investivated the pehavior of Ancdonts Cyunes

subjected to certain heavy metals (mercury and cadmium),
herbicides, and pesticides {paraguat, lindane, phosphamidon,
and phorate). The siphoning period of this species was
reduced et some concentrations and the metabolic rete
decreased. BManly and Georye (1977) collected Angcdonta
anatina from the kiver Thames, kngland and determaned the
distribution of zine, nickel, lesd, Ccadmium, copper and
perculy in body tissves. Zinc and copper were most hichly
concentrated in the pentle, ctenidia, and kidpneys; nickel
levels were hicghest in the kKidneys; lead in the digestive
glandé and kidneys; cadwmium in the clenidie, digestive gland

and gonads; and mercury in the kidnevs. Imlay (1982)

ke

o

reviewved rost studies of heavy metal accumulation in mussel

shells and noted that cadmium, copper, mercury, lead,

ranganese, and strontium are hichly concentrated in shells.

this ebility to accupulete heavy metals, mussels

Because o1
have been suggested as possible bicmonitors ol strean

Fates 1978, Adaps et al. 1987,

fouT]

contamination (Foster an
Imlay 1982) .
The Big South Fork was reported to be the focal area

for development of the rich Ipicblesma faune in the

Cunberiand drainesge; however, acld mine dralnsge reduc
abundance of paisd populations (Neel and Allen 1964) . Watey
pollution has also had & substentisl impact on the fauna of

the Stones River and its tributeries (Schridt 1982 .



18
Orgenic wastes and toyic substances have overlcoaded or
bypassed sewage treatment plants st Woodbury and
turfreesboro, 4, resultinge in high bBUD eiffluent entering
receiving streans. Hurfreesboro has since (1978} installed

a tertiary treatment plant. In addition to these

pollutents, fertilizer and pesticide use in the drainage has

increased by up to 50%, adding new non-point pollutants
(Schridt 1982y . Dissclved oxvoen levels as low as 2.9 myg/l
and phE¥s of 5.Y were also reported in the Stones drainace by
Schwidt {1982y . These pH levels are within the range of
values {pH 4.4-6.% that result in a cessstion of siphoning
and weioht leoss in naleds (Hatteson 1955) .

The Federal Water Pollution Countrol Act specifies that

Yan interim gosl of water guality which provides for the

et

protection of fish, shellfish, apd wildlile and provides fon
recreation in and on the water be achieved by July 1, 1983.%
In Virginia, the headwater streams of the Yennessee Rivel
total U908 river miles (797 kuny. The number of miles
expected to meet the fishable, swimmable criteria by 1983 is
£38 (3871 km) (¥SuCH 14981y . Therefore, 260 river miles {416
km} in southwestern Virginis will not meet federal water
guality standards in 1983. This section of Virvinia

vts particular problems in meeting water quality

criteris because meny older dwellings have direct waste

s are generally unsuitable for

Fowt
a

inputs into stresns. Soi

septic tanks and centralized sewage trestment facilities are
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too costly (VSWCE 198B2) . In addition, drought flow (7 davy,
10 vear) constitutes & small percentage of average flow;
water quality problems therefore are most severe during
summer months. The upgrading of water quality through
better wastewater trestpent facilities, improved land use

itluents are

e
[o ¥
;f,,v

[

practices, and monitoring of industr
essential elements for reversine the decline of the tan

riffle shell nussel.

Frioblasma walkeri was apparently rare in the Clinch

Eiver, and the small population in this river was probably
affected Ly two chemical spills. In June 1967, & storaye
lavoon well broke at the APCU veneratinpg plant at Carbo, Vi
releasing 198 million w3 of fly ash slurry (phH 12) into the
river {Faleigh et al. 1978y. The mussel fauna was
elimipated for roughly 18 river miles (48 kwm) below Carbo
(CRE 274.3y (Cairns et al. 197%y. In June 1970, sulfuric
acid was spilled frowm the same generating plant, Killing
most bictas for 11 river miles (16 km) downstream {(Cairns et
al. 1977y . ERecent pussel surveyvs indicete that the lower
river section specified by Cairpns et al. (1971} apparently
suffered only a partial kill. The fish fauna has
recoloenized the river section below Cerbo (Faleigh et al.
1978y , but there 1s no evidence of recovery by the mussel
fauna (Retes and bennis 1978, TVAE 1979, Heves et al. 1980) .

«

The Holston River above Cherckee Reservoeir in Tennessee

receives discharges Irom mador industrial and municipal




20

sources, including Holston Army Bmmunition Plant, Head
Corporation, Tennessee Bastman, and the ai%y of Kingsport,
TH. TVA (1978} studied water guality trends in this section
of the Holston Fiver and found significant decreases in
waste discharyes and improved BOD, dissolved solids and
total nitrogen condition since 1968.

historically, the tan riffle shell inhabited the main
stem, South Fork, Kiddle Fork, and probably Borth Fork of

the Holston Fiver dreinage. From 1894 to 1972, the Ulin

stant in Saltvillie relessed various sodium and chloride

L]

vastes into the Horth Fork Holston Eiver. From 1950 to

1972, wmercury was used in the plant and up to 100 pounds per

4

and vapor {(Cesrter 1977y . Althouun

o
|4
o

day was lost spilla

\’“

the piant ceased operations in 1972, leachate frow the plant
site and from 'muck ponds' bordering the river continued to
contawinate the river for approximately 80 river miles (128
kp} downstream (Turner 1982y. Glin Hathieson finally began
cleanup activities in BRugust 1982, to include the diyuying of
@ trench around the ‘'muck pondst®, dreduing contaminated
sediment lrom the river, and pouring concrete into cracks in
the stream bedrock to prevent mercury leakave (VWRRC 1%82) .
Pollution from industriel sources is of particulax
concern in the Heiston River drainage. As a result of high

background levels of wanganese, the river may be

particularly susceptible to anthropogenic pollutents (Young

and Blevins 19871y . Hanganese levels in the South Fork
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Holston Fiver at Boone Dam and in the North Fork near
Saltville and Gate City exceed the limits for contawinants
in dripking water. Concentrations of toxic metals (mercury,
cadmium, lead) approach or exceed minimal risk
concentrations throughout most of the drainage (Younu and
Blevins 19681y . Finimal risk concentretion is defined by EFPA
as levels considered to pose minimal risk of deleterious
effect from water vuality criteria.

Fecal coliform levels are also degrading water qualaty

in the upper Holston drainage. The relatively recent sewage

e

has reduced this problem in

pe

treatrent plant at Danascus, ¥
the South Fork, and the entire river (54 miles) was expected
to meet class B fishable-swimmeble standarvds in 1963 (VSWCE
1981y . The Middle Fork above Farion, VA now meets class B
criteria. Hovever, the rempaining 2 miles were not expected
to meet class B standards in 1963 due to raw sewage
discherges Ifrom treatment plants in FMarion end Chilhowie, VA
(VSWCE 19871y . FRiver miles 17 to¢ 42 in the Biddle Fork have
heen designated as water guality limiting; d.e., reguiring
nt waste treatment to meet stendards (VOHCE

jite

b

;Mé »

nore sty

1982) . Since the current range of F. walkeri is centered in

ddle Fork, domestic pollution may pose

fets

this section of the ¥

o

the post serigus, ifentifiable threat to the survivel of

tan rifile shell.
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Part II

4

o

RECOVLEY

Fecoverv Ob-ectives

The interim cgoel of this recovery plan is to

meintein and enhance the only known pepulataon of

¥
e

&

Frivblasmne walkeri, which ocours in the Fiddle Fork

Holston kiver, Vi, and protect its habitat fiow present

&

and foreseeabie threats that mey interfere with the

o

H

survival of this population. The Epioblasmsa spp. have

b

been considered the most highly developed and recent

evolved species of nalads, and all 8 species of naiaus
that have recently Dbecome extinct in Korth America
pelon¢ to this genus. The decline of E. walkeri

therefore appears to be symptomatic ol & general

svnecclouical problem that exists between Ipicoblasma and

chronic environmental changes that have cccurrea and
apparently are continuing in major river systems. As
dudged by the dramatic decline of the tan riffle shell,

the single, known, remaining population, and the rece

extinctions of conspecifics, it appears improbuble at

this that (1) viable populations can be restored to

other rivers within its historic range, or (&) the

species can ever recover to the point of delistinge.
Elthoucoh Epioblasme welkeri appears to be

. s o A I BT

approaching extinction, the ultimate goal of this
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s
e

recovery plen is to maintain and restore viable

o
h

populeations of E. walkeri to a significent portion

fute

ts historic range and remove the species Ifrom the

federal list of endangered and threatened species. The
interim apnd ultimate goals of this recovery plan can be
acconplished by (1) protecting and expendinyg the

sopuletion of E. walkeri in the Hiddle Fork Holston

e

Fiver end (Z) establishing new populations within rivers
or river corridors that historacally contained this
species. The tan riffle shell mussel shall be
considered vecovered, i.e., 50 longer in need of federsl
Endangered Species het protection, when the foilowing

criteria are met:

1. A population of Epioblaspa walkeri, with evideuce of

recent recrultment (specimens age 5 or younger),
¥ists in the FHiddle Fork Holston River, Smyth and

Washington Counties, VAR. This population is

distributed widely enocugh in the Fiddle Fork such

that it is unlikely a single adverse event would

bt

result in the total loss of the population.
2+ Throuvgh re-establishment and/or discoveries of new
populations, excluding the Hiddle Pork Holston

Fiver, a viable population® exists in three

#*viable population - & reproducing population that
is larve encugh to maintein sufficient genetic
variaticn to enable it to evolve and respond te
natural habitet changes. Determining the number of
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additionel rivers or river corridors that
historically contained the species. FEach river
{(corridor) will contain at least two population

centers*#* which are dispersed to the extent that

@ single adverse event would be unlikely to

- v

eliminate Epioblasma walkeri from its re-—established

location. For & re-esteblished population, surveys

mpust show that three year-classes, including one
R I S, L . 5 . o T T e . . Yo gy e [ o ey E R
vear—class of age 10 or clder, have been naturell
produced within each of the populetion centers.
3. The species and its habitats are protected frowm

present and foreseeaile anthropogenic and natural

bt

threets that may interfere with the survivai of any

of the popuvlations.

4. Hoticeable improvements in water cuality have

occurred in the PFiddle Fork Holston FEiver.

F. Step~dowy Outline

Prime Objective: Recover the species to the point

that it no lonver regqguires federal Endangereu Species

aot protection.

individuals needed to meet this definition is one
the recovery tasks.
#Fpopulation center
which contein Epioblusmpa walkeri in such close proximity
that they can be considered as belonging to a single
breeding unit.

g

- & single shoal o gf&ﬁ?iﬂg ol shoals
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1. Preserve the population and habitat of Epicblasma

¥alkeri in the Middle Fork Holston River.

T

Conduct population surveys and essential

habitat analyses.

T.1.1 Determine species® current distribution

antd range.

1.1.2 Describe speciest' hebitat (relevant

phvesical, chemical, bioclogical elepents)

for all life history stages.

1.7.3 Disseuninate above information in a form

for dgeneral use by appropriaste public

A

.t\~

£

and prive

O
2
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¢
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ot
&
o
ety
ot
ra?r
s
L
T
o
r(z
s
L]
o
[®
o
e
oy
|
¢

identify curren

threats to the species.

1.2.1 Work with wmunicipal, state, and federal
agercies to inventory potential negative

iwpacts on the species and its habitat.

1.2.2 Solicit the cooperation of these
governmental agencies to identify
proposed and future projects thet may

affect the species and its habitat.
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1.2.3 Document the effects of apparent thrests
to the species such as siltation,
municipal sewadge efiluents, and other
enpvironmental contaminants, and
recommend corrective measures to

appropriate agencies.

b

Solicit support for the mitigation or
elimination of thieats and for the protection

and recovery of the species.

1.3.1 Feep state and federsel suencies informed
of recovery efforts and emphasize the
need for enforcement of environmental

laws and regulations.

Tedee Heet with municipal cvovernment officials

2L es

to promote and collaborate on

protection; seek theiyr assistance in

zoning riparian land against

overdevelopnent.

1.3.3 Meet with representstives of companies

alony the Biddle Fork and solicit theix

support ip identifyving and smitigating
any negative impacts of thelir activities

on the species and its habitat.



]

¢

e

27
1.3.4 FHeet with owners of riparien land
ad jacent to habitat for the species and
solicit their support for habitat

protection.

1.32.5 Investigate the feasibility of
protecting the species and its essentiael
habitat through special smanctuaries,
state refuges, collecting per@it

vegtrictions for mussels, or other

BEaNLS o

te3.6 Develop a yrass roots educational

prograr for civic, church, and school

groups; define thely role in endangered

ey

species and habitat protection.

Conduct life history reseaich op the species, to
include gametogenesis, fish host identification, age
class structure, growth rate, life tables, and

wortality factors.

Determine the feasibility of introducing the speci

into three additional rivers and establishing new
population centers in the Fiddle Pork Holston Riverg

iuplement such sctivitiesn where feasilble.

3.1 Locate syitable sites for habitation within

these vivers that meet the environmental
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reguirements for svrvivel and reproduction of

the species.

Lol

.2 Develop a successful method for establishing
new population centers, such as aduldt
transplants, glochidia-infected fish nosts,
Juvenile introductions, o through artificially

cuoltured individuals oy othel means.

.3 implemept aintroductions based on resulis of 3.1

and 3.2a

Cutlane and implement a schedule to monitor the
popuiaticon in the Kiddie Fork Holston River and all

introduced populations and population centers.

Evaluate the svcress of individusi ectivities and
overall success of the recovery program; recommend
revisions or asdditional actions as necessary

maintain the species.

C. Harrative Ouiline

";0

Preserve the population and habitat of Epioblasma

walkerd in the Hiddle Fork Holston River. Based on

the most recent survey data, L., walkeri is
restricted to the Kiddle Fork in Virginia.
Protection of this population and its habitat is

imperative for continued surviveal of the species and
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to create conditions conducive to population

increase and range expansion.

’?'?

Copguct a population survev and essentisl

e

iabitat enalyses. The entire range of this

species should be delineated prior to (low
pricrity) or concurrently with (high priority)

recoverv activities.

-

1.1.1 Determine gnecies® current distyribution

and _rance. An intensive mussel survey
is needed for the entire Middle Fork
Holston River upstreasm of South Holston
Feservoir to define the range and
abundance of this species. Additionai
SUIVEeYs are lecommended Lo sections ol
the Duck River, Red River, Cbey Riverl,

3ig South Fork, and any other rivers

w

identified in Table 1 that have not been

intensively seampled for naiads.

T.1.2 Describe species® habitet (relevant

physical, chepiceal, and biclogicuil

elepentsy for all life history stages.

Habitat charecterization for this
species is peeded at multiple sites so

that these environmental date can be

vsed to identify preferred habitet.
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Habitat protection will not be very
effective until environmental
reguirements and preferred habitets of
the species ere identified. A habitat
description for Jjuveniles pust await

iife history rvesearch (task 2.).

T.1.3 Disseminate above inicormation_in_a_forwm

tour veneral use by awvpropriste vublic

rye

and pravate adencies. The resuits of

these scientific studies are to be
tranpscribed and presented in a format,
such as a distribution map ana brietf
habitat charecterizations, that will

foster use by plennince officiais. &

yreater awareness of species presence by
the stedfs of fedevel and state
regulatory sgencies would minimize the

wanton destruction or danage Lo species

habitat.

Identify current and future anthropogenic

threats to the species, FPreservation of the

tan riffle shell is dependent on mpeetine this
ebijective. Available evidence indicates that
environmental alterveation and degradetion have

probably accounted for the loss of populations



31

in other rivers and may be posinug a threat to

the Fiddle Fork population. A review of

current conditions and future plans within the

drainay

threats

.21

¢ is needed to identify potential

to species survival.

Work with

punicipal, state, and federal

auencios

to inventory necative impacts

on the s

ecies and 1ts habitat.

Virginiat

inplement

5 surface waters have ikprouved

aticn of 305({b) standards

(VSWCE 14%827). Water vuaelity problems

such as h

sewaqge in

rore loce

igh coliform levels from raw
puts have been ldentified, but

lized, deleteriocus effecty

associated with road and bridge

construct

chanpneliz

pes ticide

ion, urban development,
ation, fleood control, and

vse must be ddentified and

brought te the attention of regulatorny

agencien,

The water cuality inventory

{305b report) for Virgiania in 1982

reported

dissolved

ne problems

with tempersture,

exygen, pl, heavy petals,

pesticides, or organics. #inor

localized

problems exist with total
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suspended sclids and nutrients, and
widespread excesses of fecal coiiforus
are freguent. Kaw sevage discharges and
effluyents from the PFarion (BFHEN 41.4)
and Chilhowie (BFHRE 2S5.1) sewage
treatment plants are the medjor socurce oi
vioclations (VSWCE 1962y . & meeting with
the Virginie State Water Contiol FBoard
and appropriate municipalities is
recommended to determine whether

additionael water guality improvement is

feasibie or needed in the FAiddle Forke.

Splicit the cooperation of these

govVernmental adencies to identiiy

proposed and future protects thet may

uffect the species end 1ts habitat. 4

working relationship must be established
with ayencies responsible for planning
and evaluating proposed activities in
and aiong the Middle Fork. Designate a
contact person (Endangered Species
Steff, Anrapolis Field Office) to be

notified when such proposals (€.¢.

or project permits) are

received for ascessy

information on the species can be
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provided for consideration in the
approval process. Yoo example,
construction of three nev sewage
treatment facilitlies for Herion,
Chilhowie, and the Glade Spring-Emory-
Meadowview area has been proposed.
Environmental concerns and benefits of
projects such as this should be

cddresseu at an esrly stage.

Bocument the eifects of apparent threais

to the svecies such as siitation,

punicival sevwave effluents, and other

envircnmental contaminants, ang

recopkend coryective meanures to

aurpropriate_agencies, The expertise of

research scientists should be sougnt to
aspess the potentially acute or chronic
effects of suspected environmental
pellutants and to recommend corrective
reasures. Financial support for such

research shouvuld be scught from

industries contributing those

contampinants.
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Solicit support for the mitication ang

etlimination of threats apnd for the vprotection

and recovery of the species,. Without the

support of local residents to maintain and
improve environmental cuality in and around
their towns, the recovery effort is Jess likely
to succeed. A public information program
through state and local news media should be
initiated to inform all residents of recovery
efforts sud the importance of those locad

habitats for species survival.

1.3.71 Keep state and federal agencieg iniorped

of recovery e¢ffoerts and emphasize the

need for enforcement of environmental

laws and reculations. There are

adeguate water guality and project
permit lews and regulations currently to
prevent further degradation of riverine

ecosystens. These agencies pust enforce

e

§,,.,j~

existing revulations fop this plan to
meet recovery obdjectives {Part &) » It
i imperative that Section 7 of the

Indangered Species Aot be enforced as a

protective me Pffective law

enforcement by water pellution control

personnel , Tish and game wardeng, and
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I
other field representatives of
§

monitoring and enforcement agencies will

undoubtedly aid in the recovery effort.

Heet_ with mupicipel goverpmwent cvificiels

to wromote and collaborate on species

protection; seek thelir sssistence in

7OoHihg ripairian iand against

}«wﬁ

=
et

overdevelovnent, Local oificia

S

respounsible for enforcing laws and
regulations perteining to aguatic
environments should be briefed on
activities likelvy to dmpact the species.
If pon-point pollution probleps such as
poor land-—use practices and agricultural

ren~off are identified, aid local

yfficials and landowners in receivin

o

appropriate assistance. In the Biddle
Fork drainege, over 51% of the land in
Washington County and 43% in Smyth
County is in agricultural, commerciasl,
industriel, and residenti
classification. A riparian zone to
buffer urban and agricultural
development may be essential in

populated areas

reports of sewage



and above species' habitats and flav

violations for remedial attenticn.
cocperation of local coifficials in
vrotecting riverine habitat from illegal

or iillicit activities 15 essentiale.

Feel with repregsentatives of companies

e

alona the ddie Fork and solicit thed

support an ddentailvinoe and maticatino

any necative iepacts of thelir activities

on the srecies and its habitat.

Companies should be encouraved to abide
by their no=-discharge certificete oI
approved point discherve levels and to

implement additionel precautions so that

these levels sre not exceedeaed.

teet with owners of ripalten lano

adiscent to habitat for the speci and

yn
Wi

selicit their support for habitat

fudl

protection. This is probably the mos

ikportant local group that can recognize
and report new environmental probless as
they occur. Consult with locel
officials and landowners to determine
whether easements, cooperative

agreements, or other pmeans of ripesrian
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protection are feasible. FRiparian land
for sale near prime species' habitat
should be broughkt to the attention of
private conservation groups such as The

Hature Conservancye

Investicvete the feasibility of

pirotecting the svecies and its esgsential

habitat throucoh special sanctuaiies,

state rvefucesn, colliecting permit

restrictions for mussels, or other
peans. Heet with representataives oi the
Virginia Commission of Game and Inland
Fisheries to¢ inguire whether special
status or protection can be assigued to
particulaerly prime habitat for the
species. For example, Tennessee has
designated its sections of the Clinch
and Powell Rivers as pussel sanctuaries
and prohibits the commercial o
recreaticonal collecting of any mussels.
Such arrancements may be possible in
Virginia. Stete programs on fié@& plain
regulation and scenic, wild oy
recreational rivers have been adopted in

Ly ¥ 11

at least 24 states (Busler 1978) and m

&

be appropriate to protect essential
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habitat in the Hiddle Fork.
Comprehensive developwent plans adoptec

(53

by Washington end Smyth County officials
have already defined the Hiddle and
Sovth Forks of the Holston River as
Boriticael environmental areas®™ in need
¢l dimmediate protection (Weshington
County Planning Commission 1978, Swmyth
County Planning Commissicn 1979y . In
addition, counsultatiocn services should

be provided to state agencies and the

prevent the overcollection of mussels ou
ishes for scientific or other puriposes

ntial hebitat areas.

Develonr a rass rocts educational

program for civic, church, and school

grovps:; defipe their role ip endanceied

F

species protectiop and recoveirv. &

i Lo

public education cempaign is need

muster support for endangered species

recovery. Public awareness of (1) these

unigue ecosystems and theiy biocte, (£}

endangered species legislation, and {3)
species protection and recovery should

be supmarized in an educational format
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fe.v. slide-tape series, DbroChures,
etc.y «» FPublicity for endangered species

issuves and projects viae the popular

bt

magazines of state fish and wildlite
agencies is an effective means ot
presenting endangered mussel protection
and rvecovery to residents. EBEhncourage
the informetion apd euucation sectiocns
of these state agencies to uvse this
meGium to cobtain support for this and

othery recovery efforts.

Copduct_iife history research op the species, to

include vametocenesis, itish _host identification, agye

class structure, vriowth rate, Jlife tables, and

mortelity fTactors. Unlessg th 1ife cvcle

o

and environmental reguirements are deiined, all
population enhancement efforts may be
inconseqguential or misdirected. If recovery is to
be expedited biclogically {(e.g. artificial

propacation), research on life history esspects is

It is vecommended that
initisted on & peed—to-know basis through Section 6,

ste and

contracts, or other wmeans and that malacologi
other biclogicel scientists are assisted in
procuring funds for basic and applied research of

value to rvecovery of the species. Financial support
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for endangered mussel resesrch will be contingent
upon eppropriations, species priorities, and other
budgetary constraints within the Fish and wildlife
Service (FWS}. EPBecause of this, it would be
beneficial to develop a research package, to include
the tan riffle shell and other endangered pussels in
the vpper Tennegssee Hiver Grainage, that will

%

address common date needs for sll these species.

Fre

This would optimize the utiliity of resesrch resulits

for the recovery efforts of severel species.
Virginie has initieted en endangered mollusk stuay
faipanced by monies donated in & state income. tax

check-off prodgram for non-qgame conservatiocn. The

use of monies from these check-off programs in

Virginia and elsewhere 10r encanvered mussel studies

ey

should be encouraved. There is ample expertise

available within the scientific community to address
“E

Fiolovicael and envirconmental lssues critical to

survival and recovery of this and other endang

pussels. Because of limited fiscal support within

CGuLtEiage

P¥5, encourage these profes

funding sources for conducting on the

Unicnaces .
L]

introducing the species

Py

Determine the feasibility o

mm St e

into three additionel rivers and establishing new

v 2

populetion centers in the Hiddle Fork Holston River:
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inplement such asctivities where fegsible. YTherve are

sections of the Middle Fork and other rivers within
the species' historic rance, particularly in the
Holston ERiver drainage, that appear suitable for

susteining populations of the tan riffle shell.

3.% Locate suiteble sites for habitetion within

these rivers that meet the epvirvonmental

reguirepents for survivel apd_reprocuction ol

the species. Habitet suitability of likely

r

transplent sites should be determined, to

incliude substrate, water quaiity, fish host

presence, and any other critical factors

indentified in z. An initial screeninge of

potentially suitable transplant sites for the

endangered birdwing pearly mussel (Conrsdilla

caelata] was conducted by TVA as part of their
CHCP. Based on these date for several rivers
and additional habitat studies within the
historic range of the tan riifle shell, a list
=

of apparently suitable transplant sites can be

developed.

Jed Develon a suvecessiul method for estaplishing neyw

poptlation centers, such as adult transplants,

a—infTected fish hosts, Juvenile

s

glochid

intreductions, or throuoh artificially culiured
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pdividuals or other means. At least two

ongoing projects, one by TVA and the other by
the Vircginie Cooperative Fishery Research Unit
{(VCFRU}) , are (%) evelvating adult treansplants
to establish populations, and {2} attempting to
re—establish mussel populetions via clochadia-
infected fish hosts (VCFRU) in two tributaries
of the vpper Tenpessee River drainage. An
artificiel mediuvuwm for the in vitro
wetamorphosis of clochidia to juveniles has
been developed (Isom and Hudson 1982) and
offers potential for the production of
suveniles to supplement or establish
yopmﬁétigﬁsy Experimental trials comparing
vach of these methods under similar field
conditions using comrmon KNUssel species are
reguired to evaluate the success of each and
their practicality for the tan riffle shell.
Hesults of these initial field studies with
ceoBROn mussel species can then be used Lo
reconpend & method or methods likely to

esteblishk population centers specified in A.Z.

plement introductions bas on results oif 3.1

foes

and 3s2. The number of individuals (adults o
Juveniles) available for transplanting end the

nunber needed to maintain genetic veriabilit

gt
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in a viable population on a Jlong-term basis are

e

issves that must be resclved before any
transplant effort is implemented. Individuals
used for the purpose of establishing new
populations or population centers are to be
obtained from healthy populations with an
apparent surplus o1 Irom laboratory-proauced
specimens. All of the factors affecting
vepetic constitution in @ pepulation are
influenced by the environment (Berry 1974). Ot

ishing & small

bt

primary copcern in estald
population is cenetic drift, random genetic

change and the fixution of deleterious genes,
which reduces the pool of genetic variability

vpon which natural selection operates. Based

on availeble but iimited data frowm anipel

{ﬁ

husbandry end population genetics
consideration of inbreeding slone dictates a

minimum effective population size of 5¢

dividuals, azsuming randor meting {(Franklin

P
"

1960} » To maintain genetic variability and

w

evolutionary potential of a population on @

iong-ters basis, roughly 500 individvals are

recommended {(Soule 1980y . Since the nubber of

founders in a population is of lesser

importance than effective population size over



i
time, viable populatious mavy be re—established
by (1) starting with & reletively small initial
transplant, and (Z) increasing genetic
diversity by the pericdic introduction and/or
exchange of individuals frow other populations
until an effective population size 1s achlieved.
Consultation with population veneticists and
{ield malacolouists is essentisl to determine
available numbers end needed numbers for
transplent efforts to achieve likely, long-term
success. At this staye of the recovery elffort,
discussions must e held with the sprpropriate
biclogists to resclve the numbers issue and

wode of population establishment.

Cutline and implement a_schedule to monitor the

vopuiation of Fe. walkeri in the Middle Fork Holston

Fiver and sil iptroduced populaticons and population

cepters. FProoress toward species recovery and
eventual delisting should be continually monitored
once recovery sctivities are upderway. A sampling

desiocn and time table (bienniesl) should be propos

to assess survivael, recruitment and population

expansion in the Fiddle Fork and other rivers.

Intersgency cooperation in identifying new o
Interay Y peratio: tifying new o
proposed environpental threats to these populations
weuld prevent hebitat or specimen losses during

recovery .



Evaluate the success of individual activities and

overall success of the 1ecovery proudrali;_recommend

revisions or additional acticngs es necessaly Lo

tigintain the species. This Tecovery plan i

i{‘g

@

working dgocument, based on best aveilable data in
1983. ks environmentsl conditions change and the
data base on mussels improves, proposed activities

to achieve recovery objectives will be updated.



-

— 0

iz
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KEY TO IMPLEMENTATION SCHEDULE COLUMNS 1 AND 4

General Category (Column 1):

Information Gathering -~ [ or R (research) Acquisition - A

1. Population status 1. Lease

2. Habitat status 2. Easement

3. Habitat requirements 3. Management agreement
4. Management techniques 4. Exchange

5. Taxonomic studies 5. Withdrawal

6. Demographic studies 6. Fee title

7. Propagation 7. Other

8. Migration

9. Predation Other - 0

10. Competition
11. Disease 1. Information and education
12. Environmental contaminant 2. Law enforcement

13, Reintroduction 3. Requlations

14, Other information 4. Administration

Management - M

. Propagation

. Reintroduction

. Habitat maintenance and manipulation
Predator and competitor control
Depradation control

. Disease control

. Other management

~EOY O s PN

Priority (Column 4):
1 - Those actions absolutely necessary to prevent extinction of the species.

2 - Those actions necessary to maintain the species' current population
status.

3 - All other actions necessary to provide for full recovery of the species.
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