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P r e f a c e

It is the pleasure of the Upper Mississippi River Conservation Committee (UMRCC)
to publish and distribute these proceedings of a symposium titled "The Conservation
and Management of Freshwater Mussels," held 12-14 October 1992 in St. Louis,
M i s s o u r i .

In March 1991, the UMRCC ad hoc mussel management committee identified hosting
a national symposium as a method of acting upon problems identified in the
UMRCC's Strategic Plan for the Management of the Freshwater Mussel Resources of the
Upper Mississippi River. It was generally agreed that information about the biology
and population ecology of freshwater mussels was inadequate. This lack of informa
tion was felt to be compromising the effectiveness of mussel management efforts.
This problem, coupled with a recently intensified harvest of commercial stocks,
prompted the UMRCC to sponsor a timely exchange between managers, researchers,
and industry representatives. The U.S. Fish and Wildlife Service Region 3 Federal Aid
Office, Mussel Mitigation Trust Fund, and the Tennessee Shell Company were the
principal financial sponsors of the symposium.
Perhaps as never before, freshwater mussel resources are at a watershed. Habitat
alteration and deterioration, inexplicable die-offs, pollution, host deprivation, the
recent appearance of zebra mussels, and a host of other threats place many species on
the verge of extinction.
The UMRCC has a 50-year history of concern for the preservation and wise use of the
natural and recreational resources of the Upper Mississippi River. This advocacy for
riverine resources has evolved to embrace an ecosystem vision, one that includes the
less glamorous and visible fauna and flora of the river. In May 1979, the UMRCC
hosted a symposium on Upper Mississippi River bivalves, and a June 1986 workshop
on die-offs of freshwater mussels in the United States was a priority for the UMRCC.
The papers and abstracts provided herein are a continuation of the long-term concern
over mussel resources. The UMRCC thanks the authors for their contributions
toward a concern that seems to have become more widespread since the 1979 sympo
sium, both in the severity and geographic extent of the problems facing unionids. We
hope that this book of proceedings will prove useful to its readers.
Please use the contents of this document as tools to respond to the challenges facing
those resources for which we have expressed our concem and commitment.

K u r t W e l k e
Chairman, UMRCC Mussel Committee



A S t a t e - o f - t h e - U n i o n i d s A d d r e s s

Richard J. Neves
U.S. Fish and Wildlife Service, Virginia Cooperative Fish and Wildlife Research Unit, Virginia Polytechnic Institute
and State University, Blacksburg*

Abstract. The freshwater mussel fauna of the United States is in serious trouble. Of the 297 species
and subspecies recognized, 21 species (7%) are presumed extinct, 42 (15%) are federally listed as
endangered or threatened, and 69 (23%) are candidates for federal protection. The highly diverse
endemic mussel fauna of the southeastern United States is in greatest jeopardy, with depressed
population levels today reflecting transgressions to rivers decades earlier. Reservoir construction
and hydrologic changes documented in rivers such as the upper Mississippi, upper Ohio,
Tennessee, and Cumberland rivers have been particularly disruptive to big-river species. Our
knowledge of the biology and ecological requirements of most species is limited, and fish hosts are
known for fewer than 70 species. We lack, therefore, the essential information and tools to recover
declining populations. The next 10 years will be the most significant bottleneck yet for this fauna,
with chronic perturbations now intensified by the zebra mussel invasion. An extinction spasm is
inevitable, with or without the ecological synergism of human manipulation and the zebra mussel.
Greater effort to educate and muster public support is essential for the conservation of riverine
ecosystems; otherwise, a cascade of extirpations and extinctions of invertebrates will imprecate
the 21st century.

I n t r o d u c t i o n

The freshwater mussel fauna (Unionacea) of North
America consists of a diverse assemblage of about
297 species and subspecies (Turgeon et al. 1988),
distributed principally throughout the Mississippi
River drainage and river systems in eastern North
America. Although the higher classification of these
taxa has not been resolved, most malacologists
tentatively recognize two families, three subfamilies,
and about 49 nominal genera of unionids. Regions of
endemism and high species diversity occur mainly
in the southeastern United States, including the
Ohio, Tennessee, Cumberland, and Mobile drain
ages, and other rivers to the Gulf of Mexico and
South At lant ic.

T h e w h o l e s a l e d e s t r u c t i o n o f f r e s h w a t e r m o l -
lusks and other fauna by dams and pollution was
reported in the late 19th and early 20th centuries
(Lewis 1868, Ortmann 1909), although previous
reports of environmental degradation began to
appear in the early 19 th century. The especially
diverse assemblage of river snails (Pleuroceridae)

*The Virginia Unit is jointly supported by the United
States Fish and Wildlife Service, Virginia Department of
Game and Inland Fisheries, Wildlife Management
Institute, and Virginia Polytechnic Institute and State
University.

and mussels in the eastern United States was being
jeopardized by imabated development and industri
alization. Although habitat loss and alteration in
rivers were decried by aquatic biologists, the envi
ronmental conscience of the nation remained
dormant at that time.

The first coordinated effort to recognize rare
molluscan taxa in North America was a symposium
convened in 1968 by the American Malacological
Union. This attempt to assemble a preliminary list of
rare and endangered mollusks documented that the
freshwater mollusks of streams and rivers were in the

greatest danger of extirpation and extinction. The
precarious future of the mussel fauna was evident—33
rare and endangered species and 8 presumed extinct
species in the Mississippi and St. Lawrence river
systems (Stansbery 1970) and about 61 nominal taxa
considered to be rare and endangered in Gulf Cocist
drainages (Atheam 1970). Conclusions from the
symposium were that (1) conservation measures by
regulatory agencies were long overdue and (2) re
search on all aspects of rare species was essential to
maintain and restore declining populations.

In 1971 a conference on unionids updated the
preliminary list of rare and endangered mussels in
the United States Qorgensen and Sharp 1971). In the
proceedings of that symposium, Stansbery (1971)

Conservation and Management of Freshwater Mussels: Proceedings of a UMRCC Symposium
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identified 11 species of Dysnomia (= Epioblasma) that
became extinct in the 20th century. All of them
inhabited riffles euid shoals of large rivers, habitats
nearly eliminated by impoundments and naviga
tional locks and dams in the Mississippi River basin.
In addition to these extinct species, another 120
nominal taxa were listed as rare or endangered. It
was readily apparent that many of the unionid
species were in precipitous decline, due principally
to habitat destruction. The current list of extinct
species has grown to about 21 species, as judged by
recent surveys and the consensus of experts (Table 1).
All molluscan nomenclature is according to Turgeon
et al. (1988).

Protection of rare invertebrates in the United
States was legislated first in the Endangered Species
Preservation Act of 1969. This legislation redefined
"fish and wildlife" to include mollusks and crusta
ceans and amended the Lacey Act to prohibit
interstate and foreign commerce of these inverte
brate groups. However, no species were identified
for protection. Passage of the Endangered Species
Act of 1973 and subsequent amendments provided
the mechanism for official recognition and protec
tion of invertebrate fauna nationwide. The first
freshwater mussels were listed in June 1976; 23 U.S.
species were designated as endangered. Another 19
species have been added to the list since then, such
that 40 mussels are endangered and 2 are threatened
in the United States at this time (Table 2). In Novem-

Table 1. Species of freshwater mussels in the United States
presumed to be extinct.

C o m m o n n a m e

C o o s a e l k t o e

C a r o l i n a e l k t o e

O c h l o c k n e e a r c - m u s s e l

s u g a r s p o o n

angled riffleshell
l e a f s h e l l

yellow blossom
a c o m s h e l l

narrow catspaw

f o r k s h e l l

white catspaw
r o u n d c o m b s h e l l

Te n n e s s e e r i f fl e s h e l l

W a b a s h r i f fl e s h e l l

C u m b e r l a n d l e a f s h e l l

green blossom
t u l > e r c l e d - b l o s s o m

turgid blossom
Tombigbee moccasinshell
Scioto pigtoe
rough rockshell

Scientific name
Alasmidonla mccordi Atheam, 1964

Alasmidonta robusfa Clarke, 1981
Aksmidonla wrightiana (Walker, 1901)
Epioblasma arcaefonnis (I. Lea, 1831)
Epioblasma biemarginata (I. Lea, 1857)
Epioblasmajlexuosa (Rafinesque, 1820)
Epioblasmaflorenlinaflorentim (I. Lea, 1857)
Epioblasma hapsiana (I. Lea, 1834)
Epioblasma Icnoir (I. Lea, 1843)
Epioblasma Icwisii (Walker, 1910)
Epioblasma obliquala pewbliqua (Conrad, 1836)
Epioblasma personata (Say, 1829)
Epioblasma propinqua (I. Lea, 1857)
Epioblasma sampsonii (I. Lea, 1861)
Epioblasma steroardsoni (1. Lea, 1852)
Epioblasma torulosa gubernaculum (Reeve, 1865)
EpiMasma torulosa torulosa (Rafinesque, 1820)
Epioblasma turgidula (I. Lea, 1858)
Medionidus mcglameriae van der Schalie, 1939
Pleurobema boumianum (I. Lea, 1840)
Quadrula tuberosa (I. Lea, 1840)

ber 1991, the U.S. Fish and Wildlife Service for
possible addition to the federal List of Endangered
and Threatened Wildlife [Federal Register published
a list of vertebrate and invertebrate taxa native to the
United States that are being considered 56(225), 21
November 1991]. On this candidate list are 70 extant
species and 4 species that are likely extinct (Table 3).
These lists continue to lengthen as status surveys
and data compilation confirm the limited distribution
and rarity of many locali2^d and endemic species.

Table 2. List of federally protected i
United States in 1992.
Scientific name
Alasmidonta heterodon (I. Lea, 1829)
Arkansia le/icWm Ortmann & Walker, 1912
Cyprogenia stegaria (Rafinesque, 1820)
Dromus dromas (I. Lea, 1834)

Elliptiosteinstansana R. I. Johnson & Clarke, 1983
Epioblasma/lorentina curtisi (Ulterback, 1916)
Epioblasma /lorentina /lorentina (I. Lea, 1857)
Epioblasma /lorentina loalkeri

(Wilson & H. W. Clark, 1914)
Epioblasma obliquata oldiquata (Raflnesque, 1820)
Epioblasma obliquata perobliqua (Conrad, 1836)
Epioblasma penita (Conrad, 1834)
Efrioblasma torulosa gubernaculum (Reeve, 1865)
Epioblasma torulosa torulosa (Rafinesque, 1820)
Epioblasma turgidula (I. Lea, 1858)
Fusconaia cor (Conrad, 1834)
Fusconaia cuneolus (I. Lea, 1840)
Hemistena lata (Raflnesque, 1820)

Lampsilis abrupta (Say, 1831)
Lampsilis higginsii (I. Lea, 1857)
Lampsilis poivellii (I. Lea, 1852)
Lampsilis streckeri Frierson, 1927
Lampsilis virescens (I. Lea, 1858)
Lemiox rimosus (Rafinesque, 1820)

Margariti/era hembeli (Conrad, 1838)
Obovaria retusa (Lamarck, 1819)

Pegias/abula (I. Lea, 1838)
Plethobasus cicatricosus (Say, 1829)
Plethobasus coopcrianus (I. Lea, 1834)
Pleurobema collina (Conrad, 1837)
Pleurobema curium (I. Lea, 1859)
Pleurobema gibberum (I. Lea, 1838)
Pleurobetm marshalli Frierson, 1927
Pleurobema plenum (I. Lea, 1840)
Pleurobema taitianum (1. Lea, 1834)
Potamilus capax (Green, 1832)
Potamilus in/latus (I. Lea, 1831)

Quadrula/ragosa (Conrad, 1835)
Quadrula intermedia (Conrad, 1836)
Quadrula sparsa (I. Lea, 1841)
Quadrula stapes (I. Lea, 1831)
Toxolasma cylindrellus (I. Lea, 1868)
Villosa trabalis (Conrad, 1834)

mussel species in the

C o m m o n n a m e

dwarf wedgemussel
Ouachita rock-pocketbook
f a n s h e l l

dromedary pearlymussel
Tar spinymussel
Curtis pearlymussel

yellow blossom
t a n r i f fl e s h e l l

catspaw
white catspaw
s o u t h e r n c o m b s h e l l

green blossom
t u b e r c l e d b l o s s o m

turgid blossom
shiny pigtoe
fine-rayed pigtoe
CTacking pearlymussel
pink mucket
Higgins eye
Arkansas fatmucket

speckled pocketbook
Alabama lampmussel
birdwing pearlymussel
Louisiana pearlshell

ring pink
little-wing pearlymussel
white wartyback

orange-foot pimpleback
James spinymussel
b l a c k c l u b s h e l l

Cumberland pigtoe
flat pigtoe
rough pigtoe
heavy pigtoe
fat pocketbook
inflated heelsplitter

winged mapleleaf
Cumberland monkeyface

Appalachian monkeyface
stirrupshell
pale lilliput
C u m b e r l a n d b e a n
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Table 3. Species of freshwater mussels proposed as candi
dates for federal protection (published in Federal Register,
November 1991).
S c i e n t i fi c n a m e C o m m o n n a m e

Alasmidonta arcula 0- Lea, 1838)

Alasmidonta alropurpurai (Rafinesque, 1831)
Alasmidonta raveneliana 0- Lea, 1834)

Alasmidonta varicosa (Lamarck, 1819)

Alasmidonta wrightiana (Walker, 1901)
Amblema neislerii (I. Lea, 1858)

Anodonta califomiensis 1. Lea, 1852
Cumberlandia monodonta (Say, 1829)

Cyprogenia aberti (Conrad, 1850)
Disconaias salinasensis (Simpson, 1908)
Elliptio sp.

Elliptio juditliae (Qarke, 1986)
Elliptio lanceolata (I. Lea, 1828)
Elliptio marsupiobesa Fuller, 1972
Elliptio nigella (1. Lea, 1852)
Elliptio shepardiana (1. Lea, 1834)
Elliptio spinosa (I. Lea, 1836)
Elliptio waccamaxoensis (1. Lea, 1863)
Elliptoideus sloatianus (1. Lea, 1840)
Epioblasma biemarginata (I. Lea, 1857)
Epioblasma brevidens (L Lea, 1831)
Epioblasma capsâ ormis (1. Lea, 1834)
Epioblasma Imysiana (I. Lea, 1834)
Epioblasma lewisii (Walker, 1910)
EpiMasma metastriata (Conrad, 1840)
Epioblasma othcaloogensis (I. Lea, 1857)
Epioblasma propinqua (I. Lea, 1857)
EpiMasma torulosa rangiana (I. Lea, 1839)
EpiMasma triquetra (Rafinesque, 1820)
Fusconaia escambia Clench and Turner, 1956
Fusconaia masoni (Conrad, 1834)

Lampsilis altilis (Conrad, 1834)
Lampsilis australis Simpson, 1900
Utmpsilis binominata Simpson, 1900
Lampsilis cariosa (Say, 1817)
Lampsilis fullerkati R. I. Johnson, 1984
Lampsilis perovalis (Conrad, 1834)
Lampsilis rafinesqueana Frierson, 1927
Lampsilis subangulata (I. Lea, 1840)
Lasmigona sp.
Lasmigona decorata (1. Lea, 1852)
Lasmigona holstonia (1. Lea, 1838)
Lasmigona subviridis (Conrad, 1835)
Leptodea leptodon (Rafinesque, 1820)
Lexingtonia dolabclloides (1. Lea, 1840)
Margaritifera marrianae R. 1. Johnson, 1983
Mcdionidus acutissimus (I. Lea, 1831)

Medionidus parvulus 0- Lea, 1860)
Oboxxiria rotulata (Wright, 1899)
Pleurobema claw (Lanwrck, 1819)
Pleurobema decisum (I. Lea, 1831)
Pleurobema furvum (Conrad, 1834)
Pleurobema georgianum (I. Lea, 1841)
Pleurobema oviforme (Conrad, 1834)
Pleurobexm perowtum (Conrad, 1834)
Pleurobema pyriforme (1. Lea, 1857)

A l t a m a h a a r c - m u s s e l

C u m b e r l a n d e l k t o e

Appalachian elktoe
b r o o k fl o a t e r

O c h l o c k n e e a r c - m u s s e l

fat threeridge
C a l i f o r n i a fl o a t e r

spectaclecase
w e s t e r n f a n s h e l l

S a l i n a m u c k e t

Waccamaw lance peailymussel
N e u s e s l a b s h e l l

yellow lance
Cape Fear spike
winged spike
A l t a m a h a l a n c e

Altamaha spinymussel
Waccamaw spike

purple bankclimber
angled riffleshell*
Cumberlandian combshell

oyster mussel
a c o m s h e l l *

f o r k s h e l l *

upland combshell
s o u t h e r n a c o m s h e l l

Te n n e s s e e r i f fl e s h e l l *

n o r t h e r n r i f fl e s h e l l

s n u f f b o x

narrow pigtoe
Atlantic pigtoe
fine-lined pocketbook
s o u t h e r n s a n d s h e l l

lined pocketbook

yellow lamp mussel
W a c c a m a w f a t m u c k e t

orange-nacre mucket
N e o s h o m u c k e t

shiny-rayed pocketbook
Barrens heelsplitter
Carolina heelsplitter
Teruiessee heelsplitter

green floater
s c a l e s h e l l

slabside pearlymussel
Alabama pearlshell
Alabama moccasinshell

Coosa moccasinshell

round ebonyshell
c l u l Ts h e l l

s o u t h e r n c l u b s h e l l

dark pigtoe
southern pigtoe

Te n n e s s e e c l u b s h e l l

o v a t e c l u b s h e l l

oval pigtoe

Pleurobema rubellum (Conrad, 1834)
Pleurobema rubrum (Rafinesque, 1820)

Pleurobema verum (I. Lea, 1860)

Popenaias popei (I. Lea, 1857)
Potamilus amphicluienus (Frierson, 1898)

Ptychobranchus greenii (Conrad, 1834)
Ptychobranchus jonesi (van der Schalie, 1934)
Ptychobranchus occidentalis (Conrad, 1836)
Quadrula cylindrica strigillata (Wright, 1898)
Quincuncina milchelli (Simpson, 18%)
Simpsonaias ambigua (Say, 1825)
Toxolasma litndus (Rafinesque, 1831)
Toxolasma pullus (Conrad, 1838)
Truncilla cognata (I. Lea, 1860)
Vi l losa choctaens is Atheam, 1964

Villosa fabalis (1. Lea, 1831)
Villosa ortmanni (Walker, 1925)

Villosa perpurpurea (I. Lea, 1861)
* Presumed extinct (category 3A).

Warrior pigtoe

pink pigtoe
true pigtoe
Te x a s h o m s h e l l

Texas heelsplitter
triangular kidneyshell
southern kidneyshell
Ouachita kidneyshell

rough rabbitsfoot
false spike
s a l a m a n d e r m u s s e l

purple lilliput
Savannah lilliput
M e x i c a n f a w n s f o o t

C h o c t a w b e a n

rayed bean
Kentucky creekshell
purple bean

Traits of Vulnerability and Threats
The decline, extirpation, or extinction of numerous
taxa can be attributed to ecological and biological
traits that make unionids particularly vulnerable to
anthropogenic impacts. The life cycle of unionids
contains a larval stage (glochidium) that is an
obligate parasite on the gills or fins of fishes. Gravid
female mussels release these glochidia either indi
vidually from their marsupial gills or as clusters
(conglutinates) through the excurrent aperture.
Estimates of fecundity range from about 75,000 to
3.5 million, depending on the species and the size of
the female (Surber 1912, Coker et al. 1921, Yeager
and Neves 1986). The glochidia of all unionids,
except the salamander mussel {Simpsonaias ambigua),
parasitize fishes, but the intensity of infestation is
typically low (Coker et al. 1921, Trdan 1981). Despite
the tremendous fecundity of females, few glochidia
come into contact with suitable hosts during this
critical stage in the life cycle. Contact between
glochidia and host(s) is a low-probability event,
promoted by the respiratory and feeding behaviors of
fishes (Dartnall and Walkey 1979, Neves et al. 1985)
and the behavioral characteristics of some mussel
species (Chamberlain 1934, Davenport and Warmuth
1965, Kraemer 1970). Despite these adaptations to
facilitate host contact, host specificity of some degree is
seemingly the rule rather than the exception for most
mussel species that have been studied (Table 4). Host
fishes have been identified, with various degrees of
certainty, for 33 genera and about 65 species of mussels
(Hoggarth 1992). Host specificity is particularly
evident among the short-term brooders that release
glochidia or conglutinates in summer. Another 16
genera of mussels, mostly monotypic, have no fishes
implicated as hosts.
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Narrow host specificity would seemingly entail
reproductive costs, restricting geographic range and
wasting glochidia that attach to unsuitable hosts. The
obvious advantage of eurytopic parasitism is, for
whatever reason, secondary to natural selection for
specificity among diverse assemblages of sympatric
ôrt-term brooders. Although the database on host

fish identifications is partial but growing, the seem
ingly greater degree of host specificity within regions
of endemism would argue for competition for fish
hosts and resultant specificity. As a consequence, these
mussel species may be particularly vulnerable to a
reproductive bottleneck because of host fish availabil
ity. As new fish hosts and degrees of specificity are
determined in laboratory experiments, the vulnerabil
ity of rare mussel species to reproductive failure, as a
result of host fish declines, can be assessed.

Table 4. Genera of freshwater mussels with fish species
implicated as hosts of their glochidia.

Mussel genus No. species
N u m b e r w i t h
known hos ts

N u m b e r
fish hosts

Act inonaias 2 1 1 2
Alasmidonta 9 3 9
Amblema 3 1 1 3
A n o d o n t a 1 5 6 4 2
Anodontoides 2 1 2
Arcidens 1 1 5

Cyclomitts 1 1 2

Cyprogenia 2 1 1

Elliptio 3 1 3 8

Ellipsaria 1 1 3

Epioblasma 1 5 3 8
Fusconaia 1 3 3 1 3
Glebula 1 1 2

Lampsilis 3 2 6 2 1

Lasmigom 7 3 16
Lemiox 1 1 1

Leptodea 3 1 1

Ligumia 3 2 7

Margaritifera 4 3 1 4
Medion idus 6 1 4

Megalomias 2 1 1 8
Obovaria 6 1 1
Plethobasus 3 1 1
Pleurobema 3 1 3 1 2
Potamilus 6 3 2

Ptychobranchus 5 1 5

Quadrula 2 0 6 1 7

Simpsomias 1 1 r

Strophilus 3 1 4
Toxolasma 8 3 6
Trunc i l la 4 2 2
Uniomerus 5 1 1
Vi l losa 1 8 2 1 0

T o t a l 2 6 3 6 5 264
* Amphibian host.

The seemingly inefficient reproductive cycle,
with its obligate fish host, seems to be a weak link in
population recruitment. Susceptibility of glochidia
and fish hosts to polluted water, altered temperature
regimes below impoundments, and the chance
encounter between glochidium and host can lead to
recruitment failures in some years and relic popula
tions dominated by only old cohorts. Similarly, the
fish faimas of many rivers have changed signifi
cantly as a result of impoundments, forage and
sport species introductions, channelization, snag
removal, and other permanent changes in the
chemical and physical environment. Any factor that
limits survival of the glochidium or decreases the
abimdance and species composition of the fish fauna
is likely to be detrimental to co-dependent mussel
populations. The millions of years of co-evolution
between mussels and fishes cannot be repro-
grammed to accommodate the rapid settlement of
North America. Unfortunately, our knowledge of
host fish requirements for most species is too
incomplete to correlate changes in fish fauna with
those of the unionids.

Naiades are considered reliable indicators of
water pollution because they are sedentary and filter
particulate matter from the water column. Early on,
chemical pollution was suspected to cause the
decline and disappearance of mussels from sections
of waterways with industrial discharges (Lewis
1868, Ortmann 1909, Baker 1928). Declines in mussel
populations correlated with industrial development
have been reported throughout North America, but
few studies have demonstrated a cause-effect
relationship. In most instances, the combined effectsof numerous contaminants and induced physiologi
cal stresses are the ultimate cause for acute or
chronic mortality in a population. Siltation will
degrade water quality and substratum, clog gills,
reduce feeding efficiency and growth, and eventu
ally smother mussels if sufficient accumulation
occurs (Ellis 1936, Marking and Bills 1979, Kat 1982).
Numerous field studies have implicated siltation
and sedimentation from farming, mining, and other
land-use practices in the decline of stream popula
tions of unionids (Ellis 1931, Coon et al. 1977).
Similarly, mortality from toxic spills and chronic
lethality of polluted waters are well documented
(Cairns et al. 1971). Although mussels can avoid
short-term doses of toxic chemicals by valve closure,
they cannot tolerate chronic exposure to contami
nated water. Dosing with heavy metals, chlorine,
ammonia, or other industrial and municipal efflu
ents is lethal to most invertebrate taxa, particularly
the early life stages, as judged by available bioassay
results (Rand and Petrocelli 1985).

In a review of contaminant effects on mussels.
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Havlik and Marking (1987) noted that although the
uptake, storage, and elimination of contaminants
has been studied, few data are available on toxicity
levels. In general, adult mussels are not suitable
bioassay organisms because they can close their
valves and avoid or reduce exposure to experimen
tal dosing. However, glochidia and juveniles are
suitable for toxicity testing, and larval forms are
usually more sensitive than adults of the same
species to toxicants. Recent studies have demon
strated their sensitivities to contaminants, relative to
standard bioassay organisms such as the zooplank-
ter Ceriodaphnia dubia and the fathead minnow,
Pimephales promelas. Johnson (1990) and Jacobson
(1990) used glochidia and juvenile mussels to
determine the toxicity of various contaminants and
established protocols for testing these early life
stages. In general, glochidia and juvenile mussels are
among the most sensitive bioassay organisms used
in standard toxicity testing (Goudreau et al. 1993).
Because no freshwater bivalves are used routinely in
bioassays to set effluent standards, and because the
early life stages of mussels seem to be sensitive
indicators of toxicants, their use as bioassay organ
isms probably would identify acceptable limits of
contaminants for most r iverine mollusks.

Unionids may be the longest-lived freshwater
invertebrates, with life spans ranging to about 100
years (Hendelberg 1960, Neves and Moyer 1988).
Riverine populations of heavy-shelled species grow
slowly and reach maximum ages greater than those
of thin-shelled lentic species (Grier 1922, Stansbery
1961). Owing to slow growth and immobility,
recolonization of impacted river reaches is a pro
tracted process, attained through a combination of
passive dispersal of adults downstream and dis
persal of newly metamorphosed juveniles by
infested host fishes. Establishment of stable, self-
sustaining populations, therefore, requires decades
of immigration and recruitment, even for common
riverine species that typically occur at high densities.
Population stability is maintained by numerous,
slow-growing cohorts that contribute new year-
classes of variable strengths (Neves and Widlak
1987). This extremely slow rate of population
growth and attainment of carrying capacity makes
recovery of decimated populations extremely
difficult, even when habitat is ideal for
recolonization. Similarly, translocations of adults for
recovery are fraught with problems and require a
long-term commitment of funds and effort to
evaluate success (Sheehan et al. 1989).

Our knowledge of the biology and ecology of
this faunal group in the United States is expanding
but remains grossly inadequate. The first lesson
learned by field biologists is that all mussel species

are not created equal. Although species may look
alike, live in similar habitats, and seemingly respond
to the same environmental cues, they are as different
biologically as species in any other family of ani
mals. We tend to be lumpers in our explanations of
requirements for poorly studied taxa, and splitters
for genera with better-studied species. Studies that
generate even minimal data dramatically change our
willingness to extrapolate on the previously un
known. Information on habitat suitability, physi
ological requirements or tolerance limits, and
responses to environmental cues is so incomplete
that we are forced to apply results of few studies to
all species. For example, by default and for regula
tory purposes, the LCĵ  of copper to Amblema plicata
plica ta in the Mississippi River is applied to
Epioblasma spp. in the Tennessee River. This specula
tive extrapolation among species, particularly for
physiological requirements and sensitivities to
contaminants, is a sad indictment of our limited
knowledge of species biology and likely jeopardizes
the survival of pollution-sensitive species. More
biological studies on a greater variety of species
would greatly benefit this faunal group. My hope is
that no one species—such as the fairly ubiquitous
and lacustrine paper pondshell, Anodonta imbecillis—
becomes the "standard mussel" by which all mus
sels are judged by water quality and regulatory
agencies at the federal and state levels. We need
sufficient testing to identify those species with
sensitivities at least representative of the assem
blages they will be used to protect.

Exotic Species
This status review would not be complete without
mention of exotic species, particularly other bivalves,
that have invaded inland waterways. The Asian clam,
Corbicula fluminea, has co-occurred with Interior Basin
naiades for more than 20 years now, and evidence for
the potential competitive interactions between this
clam and native mussels is contradictory. Of greatest
concem are substratum space and food utilization by
Asian clams and juvenile mussels, particularly in
streams where either of these requisite resources may
be limited. Invasion of the zebra mussel, Dreissem

polymorpba, poses a much more onminous threat, as
judged by reports of biofouling of naiades in the Great
Lakes (Schloesser and Kovalak 1991, Hunter and
Bailey 1992). The zebra mussel has ravaged mussel
populations in Lake St. Clair and westem Lake Erie
and is poised to do untold harm to mussel populations
in our major rivers and reservoirs. The zebra mussel
will likely be on the epitaph of many rare mussel
species that get pushed beyond the brink of extinction
by its biofouling presence. Other mussel species will
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require federal protection after the zebra mussel does
its damage and achieves some equilibrium population
level in our streams. Whatever the consequences,
unionids will be on the losing side of this molluscan
war for survival.

Mat te rs o f Hab i ta t

The decline, extirpation, and extinction of freshwater
mussel species is almost totally driven by habitat loss and
degradation. Anthropogenic changes to rivers that sustain
diverse molluscan assemblages have been well docu
mented. The upper Mississippi River is deteriorating
hydrologically and ecologically, with p>ools suffering the
same fate as most shallow reservoirs, namely, inputs of
sediments, nutrients, and affiliated contaminants
(Fiemling and Claflin 1984). Of tiie 50 or so spedes of
mussels collected in this river reach prior to the 9-ft
channel construction project, roughly 32 species remain
(Fuller 1980). The mussel assemblage in the upper Ohio
River experienced similar changes from navigation
projects. Although the diversity of this mussel fauna,
reported to be at least 37 species from historic collections,
has not changed appreciably, there has been a dramatic
41% change in species composition this century (Taylor
1989). Epioblasrm spp. and other species once widespread
but now federally endangered are being replaced by
anodontines and other impoundment-tolerant species.
The dynamic changes in the mussel fauna of bô  rivers
will be evidenced by declining diversity, altered species
composition, and lowered abundance of some species
attributed to chronic degradation of habitat suitability for
the indigenous species.

From Europe to America
Because Europe had a historically depauperate mussel
fauna of roughly 15 species, studies of and changes to
that fauna were more numerous. A recent assessment
of the decline of the freshwater pearl mussel,
Margaritifera margarilifera, a long-lived resident of
headwater trout streams, has correlated eutrophica-
tion, specifically nitrate concentration, with mortality
rates of adult mussels in 11 rivers (Bauer 1988).
Mortality of juvenile mussels (ages 0-20) was linked to
BOD levels, leading to the hypothesis that young
mussels can only develop in sediment of low organic
content. Although the causal mechanisms for juvenile
mortality are unknown, anoxia, predator abundance,
and contaminants are possible factors. In Sweden the
postulated cause for decline of the pearl mussel is
lowered host fish abundance because of acidification.
In essence, any factor that reduces the spawning stock
of adults, survivability of juveniles, or abundance of
hosts will eventually diminish population size and
jeopardize its continued existence.

Most of the U.S. mussel species reside in higher-
order warmwater rivers with a variety of anthropo
genic impacts, depending on geographic region and
land-use patterns. The reported correlation between
the decline of pearl mussels and water pollution in
Europe is probably valid worldwide, but evidence to
support tl̂  cause and effect relationship is principally
anecdotal and unquantified. For example, most
headwater tributaries of the upper Cumberland and
upper Tennessee rivers are experiencing precipitous
declines in unionids. The extensive coal mining in
these watersheds over the past 50 years may be
coincidental to faunal declines, but sufficient indirect
evidence is available to demonstrate negative effects of
coal mining operations to survival and recruitment in
mussel populations (Anderson 1989, McCann and
Neves 1992). There is rarely a smoking gun, only fresh
dead and weathered valves of mussels that were alive
and well when sampled previously. The same scenario
is played out in rivers with unsafe point-source
discharges; mussels decline or disappear for suspected
but unsubstantiated causes. The short-term economic
gains of private industry are allowed to supersede the
long-term viability of our faunal heritage and water
quality for all downstream user groups. Only when a
federally listed species is part of the faunal assemblage
will regulatory agencies be receptive to requests for
greater scrutiny of permits and violations of effluent
standards. Typically, the response is too little and too late
for those species intolerant to water quality degradation.
The entire practice of effluent discharge to receiving
streams is a sad indictment of our willingness to sanction
treatment of waste, partial in most cases, and to accept
degraded water quality for purely economic reasons.

Pro tec t i on o f R i ve rs
The assault on U.S. rivers, begun during the mid-
19th century, accelerated dramatically in the 1930s to
provide for water supply, navigation, flood control,
and electricity. Because extensive biological invento
ries of river systems were never conducted, the
degree of faunal loss or decline is unknown
(Schindler 1989). Of the original 5.2 million km of
rivers in the contiguous United States, only 42 free-
flowing rivers greater than 200 km remain (Benke
1990). In 1982 the National Rivers Inventory was
completed to identify streams or river reaches of
high quality with potential for special protection.
Only 2% of the 5.2 million km of streams qualified
for inclusion in the inventory.

Roughly 30% of the United States is federally
owned and under the jurisdiction of the Bureau of
Land Management, Forest Service, or National Park
Service. However, most of this land and inclusive
streams is in the West or in high-gradient areas with
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headwater streams that lack mussels. Thus, despite the
significant landmass owned by the federal government
and commitments by responsible federal agencies to
secure protection of streams on federal lands, there
will be negligible effects on freshwater mussels.

Legislation establishing national river parks was
passed in the early 1960s to protect rivers and
riparian corridors, but only four rivers have been
granted such status. The Wild and Scenic Rivers Act
of 1968 provided a mecharusm to identify and
protect river reaches by prohibition of federal
approval or assistance on water projects that would
adversely affect them. However, the legislation
provided inadequate protection of these rivers
against private development (Goldfarb 1984). Of the
119 river reaches (15,000 km) designated as wild and
scenic, fewer than 1,600 km occur east of the Missis
sippi River. Once again, the hot spots of molluscan
diversity have been missed by the legislative web.

Conservation groups such as the Izaac Walton
League, American Rivers, The Nature Conservancy,
and Sierra Club are spearheading the fight to save
important rivers of aesthetic as well as biological
value. The efforts of these publicly supported
organizations will provide the best chance of
protecting rare aquatic mollusks and their habitats
in quality rivers. Protection of big-river habitats and
associated fauna, because of significant alterations
and water quality degradation, will be one of the
greatest challenges facing agency biologists with
multiple-use management goals for rivers.

Water Quality Protection
Recent assessments of water quality in North
American rivers provide a mixed prognosis for
surface waters (Smith et al. 1987, Becker and Neitzel
1992, Patrick 1992). The sequence of federal laws to
protect surface waters began with the River and
Harbors Act of 1899 to curb refuse disposal; how
ever, the Water Pollution Control Act of 1948 was
the first law intended to abate water pollution and to
assign responsibility to the individual states. Subse
quent amendments to the Act in 1956 and 1961
provided construction grants for wastewater treat
ment plants and provided research funds to study
pollution effects and to develop improved methods
of effluent treatment. A series of federal laws was
passed in the 1960s to address interstate waters
principally and to strengthen the original Water
Pollution Control Act. Creation of the Environmen
tal Protection Agency in 1970 and passage of the
Clean Water Act of 1972 set the stage for the regula
tions and water standards we have today. Goals of
the Clean Water Act were to allow for the protection
and enhancement of fish, shellfish, and wildlife;

provide conditions suitable for recreation in surface
waters; and eliminate the discharge of pollutants in
U.S. waters. These noble goals and those of the
Clean Water Act of 1977 established the National
Pollution Discharge Elimination System and effluent
standards for point-source discharges. The system
has been in force for about 15 years and, for the most
part, seems to be working well.

Results from two nationwide water sampling
networks indicate widespread decreases in fecal
coliform bacteria and lead but increases in nitrate,
chloride, arsenic, and cadmium concentrations
(Smith et al. 1987). These water quality changes
seem to reflect changing technologies in society for
sewage treatment, highway maintenance, gas
consumption, fertilizer application, and coal com
bustion. Analyses of water quality detect acute and
chronic problems passing downstream, but sedi
ments are the long-term storehouses of toxicity. For
mollusks and other benthos, contaminants in sedi
ments are and will be a problem for years to come.

In a detailed analysis of three river systems,
Patrick (1992) concluded that water quality at
tributes such as dissolved oxygen, BOD, and ammo
nia levels have decreased, but concentrations of
nitrates have tended to remain the same or have
increased. The possible correlation between nitrog
enous compounds (especially nitrate) and declining
mussel populations needs further evaluation, as
judged by European studies (Bauer 1988). According
to Smith et al. (1987), fertilizer application rates
increased 68% between 1970 and 1981 to bolster
farm production. Nitrates from fertilized acreage,
greater livestock densities, feedlots, and atmospheric
deposition have increased nutrient loading to East
Coast and Gulf Coast rivers and estuaries. Total
nitrogen trends now seem to be more related to
nonpoint-source than point-source effluents (Smith
et al. 1987). Agriculture is the most prominent of
nonpoint sources of pollutants and is calculated to
affect more than two-thirds of the nation's river
basins (USEPA 1984). Agriculture, although an
industry, has had few regulations imposed for
runoff control, and most programs are voluntary.
An expansion of programs to mitigate nonpoint
pollution from agriculture is long overdue.

The time is rapidly approaching when nonpoint-
source pollution from agriculture, road systems, golf
courses, parking lots, and other land uses, debilitat
ing to water quality but not sewered and treated,
will be our greatest problem. With human popula
tion growth and suburbanization, more fields and
forests are converted to residential areas of high
runoff potential. We observe frequent modifications
of our hometown landscapes and receiving water
ways from additional roadways, shopping malls.
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housing developments and other intrusions caused
by conventional economic development. Similarly,
pesticide use has increased steadily, principally because
we as consumers demand perfect produce in the
marketplace. Consumer standards for goods and services
have promoted increases in soil erosion, fertilizer
and pesticide use, and the landscape necrology
induced by our prodigal and profligate life styles.

F u t u r e O u t l o o k

There is no hope of returning to pristine ecosystems
and little hope of maintaining the biodiversity that
exists today. The power of humans to degrade the
natural world is awesome; the capability to reconsti
tute it later is mythical (Lindburg 1992). Flagrant
egocentrism, benign neglect, and lack of reverence
for all life forms have resulted in a world of per
petual change, occurring too quickly for evolution to
keep pace and too extensively for biologists to
impede most extirpations and extinctions. Mussel
biologists seethe at the thought of sacrificing a
mussel bed to a development project. Large beds
may serve as critical nodes in the reproductive
network throughout a river. These keystone beds of
recruitment and stability are particularly critical to
sustainability of some populations. Each link lost in
a chain of mussel beds for a river may be the one
most crucial for reproduction, recruitment, and
stability of particular species or the entire assem
blage. Judgements made by regulatory agencies in
the permit review process are, therefore, crucial;
mistakes in underestimating project or effluent
impacts can be irreconcilable for rare species, to the
extreme that the final resting places of species are in
cabinets of museum collections.

Humanity will dictate policy on mollusk sur
vival in the 21st century. Therefore, it would be
hoove us to affect human conscience and behavior
sufficiently to instill value to invertebrate species
and the messages that they send us on environmen
tal quality. Public education through mass media is
our most effective route. As spokespersons for the
mussel fauna, we must argue their case based on
sheer numbers in decline and their utility as indica
tors of environmental degradation. Water quality
and the biological integrity of river systems are
essential to the health, economic prosperity, and
long-term survival of humans.

Unless and imtil the legislative mandates and
management policies throughout North America are
balanced to enhance and conserve as well as develop
and exploit riverine ecosystems, the loss of mussel
species will be the first wave of modem extinctions
to characterize our superficial concern for species
living in the turbulence of our downstream wake.
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E d i t o r ' s N o t e

Since this paper was presented (October 1992), an
additional 14 species of freshwater mussels have
been added to the federal Endangered Species List
(see table below). This brings the total number of
federally endangered mussel species to 56, or 19% of
the North American fauna.

Epioblasma metastriala (Conrad, 1840)
Epioblasma othcaloogensis (I. Lea, 1857)
Epioblastm torulosa rangiana (I. Lea, 1839)
Lampsilis altilis (Conrad, 1834)
Lampsilis perovalis (Conrad, 1834)
Lasmigona decorala (I. Lea, 1852)
Medionidus aculissimus (I. Lea, 1831)
Medionidus parvulus (I. Lea, 1860)
Pleurobema clava (Lamarck, 1819)
Pleurobema decisum (I. Lea, 1831)
Pleurobema furvum (Conrad, 1834)
Pleurobema georgianum (I. Lea, 1841)
Pleurobema perovalum (Conrad, 1834)
Ph/chobranchus greenii (Conrad, 1834)

upland combsheil
s o u t h e r n a c o m s h e l l
n o r t h e r n r i f fl e s h e l i

fine-lined pocketbook
orange-nacre mucket
Carolina heelsplitter
A l a b a m a m o c c a s i n s h e l l

Coosa moccas inshe l l

c l u b s h e l l

sou the rn c l ubshe l l

dark pigtoe
southern pigtoe
ovate c lubshe l l

triangular kidneyshell
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Abstract. Commercial harvest of mussels for buttons began in 1891 in the Upper Mississippi River
System and continued through the 1940s. Initially, no attempts at conservation were made, and
mussel beds were severely depleted by excessive unregulated harvest. From 1912 to the 1930s,
management techniques were initiated, but they could not offset the high harvest rates and habitat
alterations, and the button industry collapsed. Harvest was revived in the 1960s and continues today
for the cultured pearl industry. Meaningful and uniform regulations were not adopted until the mid-
1980s, when concern peaked after a major mussel die-off in the Mississippi River from 1982 to 1985.
In 1989,7.1 million poundsofmussels were harvested from the Illinois and Mississippi rivers and had
a value of $3.2 million. Over 7.7 million pounds of mussels were harvested in 1990 and were valued
at $6.1 million. A two- to threefold increase in the price paid for washboard {Megalomias nervosa), the
most valued and increasingly less common commercial species, caused this near doubling in value
despite a 23% decrease in the poundage of washboard harvested. As washboard availability
decreased, threeridge {Amblema plicata plicata) harvest more than doubled. Mussel populations may
not be sustainable under these harvest pressures, and trends should be analyzed carefully to
determine if further regulations are required.

The Pear l Bu t ton Era

John Boepple, a horn button maker from Germany,
pioneered the use of freshwater mussels for buttons.
In 1891, he began operating the first freshwater pearl
button company, which initiated the commercial
harvest of mussels for buttons (O'Hara 1980).
Muscatine, Iowa, with its nearby mussel beds, was
the birthplace of the pearl button industry. By the
early 1920s, almost 5,000 people were employed in
the button industry in Muscatine. This represented
approximately one-third of the city's population
(Knott 1980).

The button industry grew rapidly into a multi
million-dollar operation. By 1908, it had a capital
investment of over $2 million and an annual output
of $6 million (Davidson 1924).

The mussel fishery and button industry rapidly
expanded north and south on the Mississippi ̂ ver
and over to the Illinois River as the mussel beds near
Muscatine became depleted. Every town along the
river, large or small, was in some way connected
with the button industry. The rate of expansion was
directly correlated with the rate of depletion of the
more central territory (Coker 1919).

The supply of mussels seemed endless, as did
the demand for pearls and buttons. The pearl button

industry was interested in many species (Smith
1899, Coker 1919), but all species and sizes were
harvested in search of pearls (O'Hara 1980).

In the early stages of fishing a mussel bed,
clammers harvested large and old mussels, and as
time progressed, they took smaller and younger
ones (Coker 1919). In the early 1890s, when mussel
fishing began at New Boston, Illinois, about 20 miles
downstream from Muscatine, clammers could
harvest up to a ton a day. By 1898, they had diffi
culty getting a ton in a week (Smith 1899). The
clammers just fished until the beds produced no
more mussels and then moved to a new area.

Hugh Smith (1899), U.S. Commissioner of
Fisheries, believed the depletion of the mussel beds
was caused by constant fishing, even during the
spawning season; the harvest of small mussels; and
the wasteful harvest of mussels, especially in the
winter. Harvest rates exceeded the rates at which
mussels could grow to harvestable size (Coker 1919).
To prevent further depletion of the mussel beds.
Smith (1899) recommended a minimum legal size
limit, closed seasons, the reduction of wasteful
practices at the factories, and antipollution mea
sures. However, there was a pervasive sense in the
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mussel industry that the mussel beds were inex
haustible, and Smith's recommendations were not
immediately acted upon. Other surveys were made
after 1899, and the same conclusion was always
reached: the mussel stocks were rapidly diminishing
(Carlander 1954).

The Fairport Biological Station near Muscatine,
Iowa, was established by the U.S. Bureau of Fisher
ies in 1908 to address the problem of declining fish
and mussel resources (Carlander 1954). Various
techniques were used to rejuvenate the mussel
fishery, but none was permanently successful.
Studies done by Lefevre and Curtis led to the
development of a method for propagating mussels
artificially by infecting fish with larval mussels or
glochidia (Coker 1914). However, the ambitious
propagation program undertaken in 1912 by the
Fairport Biological Station could not alone offset the
high harvest rates.

In an attempt to sustain the mussel stocks, in
1914 Robert Coker, director of the Fairport Bureau of
Fisheries Laboratory, recommended the alternate
closure of specific areas to harvest for several years
before reopening them. Coker (1914) also recom
mended supplementing natural reproduction with
artificial propagation and instituting a 2-inch size
limit in the closed areas.

From 1914 to 1918, Minnesota, Wisconsin, Iowa,
and Illinois enacted legislation on alternate closure
areas, size limits, license fees, and gear (Shira 1919).
Selected areas of Lake Pepin in the Minnesota-
Wisconsin waters of the Mississippi River were
closed to mussel harvest from 1919 to 1924 (Southall
1925). Populations of fatmucket {Lampsilis siliquoidea)
increased 20% during the four years of the closed
period. The alternate closure of sections of the
Mississippi River in the Illinois-Iowa boundary
waters also restored mussel populations (Davidson
1924). The success of the alternate closure program
was not long-lived, however, because the beds were
rapidly depleted after reopening.

At a 1930 conference in Washington, D.C., the
prevailing thoughts on the future of the mussel
fishery were that the mussel populations on the
Mississippi River were still declining; in most areas,
pollution was hindering recruitment; and the
proposed 9-foot navigation channel would make
conditions worse for mussels (Carlander 1954). Ellis
(1931) of the U.S. Bureau of Fisheries considered
overharvest to be the greatest single factor contribut
ing to the decline of mussel populations, but he also
recognized silt and pollution as major threats to
mussel recruitment. As a result of his findings, the
U.S. Bureau of Fisheries recommended elimination
of all restrictions on mussel harvest in the Missis

sippi River. This guidance was based on the concept

of using a resource rather than wasting it, since the
predominant thinking was that the mussels in the
Mississippi River were inevitably doomed
(Carlander 1954).

By the 1930s the pearl button era was coming to
a close (Waters 1980), and commercial clamming
had virtually disappeared by the 1940s. Depletion of
the mussel beds, d\e advent of the plastic button,
and increasing pollution in the river led to a dra
matic decline in the mussel fishery (Thiel 1981).
Whether the shell beds nearly exhausted by severe
clamming pressure would have later succumbed to
loss of habitat, siltation, and pollution is unknown.
The species of mussels that suffered the greatest
impact from the button industry were probably
those which were never common and whose breed
ing stock was depleted below the level where
reproduction could not offset mortality (Knott 1980).

The Cu l tu red Pear l E ra

Kokichi Mikimoto of Japan discovered that freshwa
ter mussel shells from the Mississippi River drainage
system produced the best nucleus for cultured
pearls (Lopinot 1967). This discovery revived
clamming in the Mississippi and Illinois rivers
during the 1960s. Since that time, millions of pounds
of shells have been sent to factories in Japan, where
they are processed into spheres and then implanted
into oysters as nuclei for cultured pearls.

In 1943, about 20 to 25 years after the heyday of
the pearl button industry, the Upper Mississippi
River Conservation Committee (UMRCC) was
organized by the states of Minnesota, Wisconsin,
Iowa, Illinois, and Missouri. The UMRCC's objec
tives are to promote the preservation and wise
utilization of the river's resources and to formulate
policies, plans, and programs for conducting coop
erative studies (Rasmussen 1980).

In 1975, the UMRCC states began initiating
mussel surveys to determine the status of the mussel
stocks (Perry 1978). This action was taken because
river biologists were concerned that poor water
quality, levee construction, channel maintenance
activities, and overharvest were seriously depleting
t h e m u s s e l s t o c k s .

In 1979, the first UMRCC-sponsored symposium
on bivalve mollusks was held to provide a transfer
of information between mussel researchers and river
managers. From 1982 to 1985, a mussel die-off
occurred over a 720-km stretch from at least as far
north as Pool 8 (La Crosse, Wisconsin) down to Pool
25 (Thiel 1987). Mussel surveys in 1983 and 1985 in
Pools 14 and 15 of the Upper Mississippi River
(Blodgett and Sparks 1987) found high mussel
mortality rates. Numerous species were affected.
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and the two important commercial species, wash
board {Megalonaias nervosa) and threeridge {Amblema
plicata plicata), experienced some of the highest
mortality rates (35% and 41%, respectively).

Various state and federal agencies conducted
qualitative and quantitative studies on mussel
populations analyzing apparently healthy, mori
bund, and dead specimens for contaminants,
parasites, and disease. No causative agent was
found (Thiel 1987).

The impact of the die-off on the Mississippi
River mussel fauna remains an enigma, but the
severity of the die-off has been reflected in the
commercial harvest (Fritz 1990). Recent-relic shells
resulting from the die-off constitute a large percent
age of the harvest.

In 1986, the UMRCC and the U.S. Fish and
Wildlife Service jointly sponsored a national mussel
die-off workshop to share knowledge about mussel
mortality and to seek ways to deal more effectively
with mussel management problems (Neves 1987).

Commercial Mussel Harvest Regulations
Alarmed by mussel mortality and intensified
harvest, and responding to concern for endangered
species, fish managers of the five Upper Mississippi
R i v e r s t a t e s m e t i n 1 9 8 5 t o d e t e r m i n e w h a t a c t i o n s
should be taken to prevent further degradation of
the mussel stocks. They recommended increasing
the minimum harvest size, reducing the length of
the harvest season, and implementing harvest
reporting requirements (Fritz 1990).

A monumental effort has been made by the five
Upper Mississippi River states to promulgate
uniform mussel regulations. This endeavor has not
always been easy, since proposed regulations have
to move through the respective conservation agen
cies and legislatures. Great strides toward unifor
mity have been made, but there are still some
h u r d l e s t o o v e r c o m e .

Waters' (1980) overview of the commercial
mussel regulations in 1979 is the most recent pub
lished record of the status of regulations in all five
states. Season length for legal harvest has changed
greatly since 1979, when some of the states had
l i b e r a l o r c o n t i n u o u s s e a s o n s .

Cur ren t seasons fo r musse ls i n the five s ta tes a re

fairly uniform and were developed with special
concern for the washboard spawning season. The
peak gravidity period for wasl̂ )oard in Wisconsin waters
is from 27 August to 27 October (Heath et al. 1988).

In all aspects, Minnesota has the most restrictive
mussel regulations of the five states. Their season is
from 16 May to 31 August. In Iowa and the Wiscon
sin boundary waters across from Iowa, the season is

from 1 April to 31 August, and in Wisconsin bound
ary waters across from Minnesota the season is from
1 April to 30 September. In Illinois and Missouri, the
season is from 15 April to 31 August.

As recently as 1979, there were no species
restrictions (Waters 1980); instead, the harvest was
dictated by the market. Washboard and threeridge
are the two most important commercial species on
the Upper Mississippi River. The washboard is the most
hi^y prized because of its large size and thick shell

With the exception of Minnesota, where wash
boards are not commonly found, both threeridge
and washboards are legal species. In Minnesota,
harvesting species other than threeridge requires a
special permit. In Wisconsin, three other species can
be harvested in addition to threeridge and wash
board; in Iowa five other species can be harvested; in
Illinois 10 other species can be taken; and in Mis
souri all other species except endangered and
threatened species can be kept. Missouri is currently
revising its mussel regulations, not just for legal
species but in other areas as well, in order to con
f o r m w i t h t h e o t h e r s t a t e s .

Prior to the 1980s, individual states had either
no size limits or size limits that were too small to
protect the resource (Waters 1980). Today, size limits
are the management tool used to regulate the industry.

The two important commercial species are very
slow-growing. In Wisconsin waters it takes a wash
board an average of 21 years to reach the legal size
limit and a threeridge an average of 23 years (Heath
et al. 1988).

The s ize l im i ts fo r 1992 are fo r the smal les t
dimension or height. For threeridge, the size limit is
2.75 inches in height for all the states except Wiscon
sin, where the size limit is 2.63 inches.

In the four states where washboard is a legal
species, the size limit is 4 inches in height for live
washboard. For dead washboard, the size limit is
also 4 inches, except in Iowa, where it is 3.5 inches.

In 1979, more harvest techniques were allowed
in more areas than are allowed today (Waters 1980).
However, diving was not allowed in Illinois and
M i n n e s o t a i n 1 9 7 9 .

The 1992 legal harvest methods in all five states
include hand-collecting and diving. All states allow
brailing except Minnesota. Illinois is the only state to
st i l l a l low the use o f a hand fo rk .

In 1979, there were significant differences
among the states in license requirements, ranging
from no license being necessary to licenses being
available only to residents (Waters 1980). The details
of the status of commercial licenses are still quite
different for the five states, but a permit or license is
required for all shellers and they must provide a
monthly or annual report (Table 1). The information
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Table 1. Status of commercial mussel licenses for the Upper Mississippi River, 1992.

NS: not sold or applicable.
NF: no fee; license required.

Table 2. Status of commercial mussel buyer's license for the Upper Mississippi River, 1992.

M N W I l A I L M O

Resident buyer N S $300 $1,000 $300 N S
Resident buyer helper N S N F N S N S N S
Nonresident buyer N S N S $5,000 $1,000 N S
Report required N S X X X X

NS: not sold or applicable.
NF: no fee; license required.

required in this report varies greatly from state to
state and makes comparison of the data difficult.
Reporting is an area where uniformity is essential.

In Minnesota, only residents can clam and only
with a permit issued by the Department of Natural
Resources. In Wisconsin, licenses are sold to resi
dents only, and a sheller's helper license is also
required, at no fee. In Iowa, sheller licenses and
sheller's helper licenses are issued to both residents
and nonresidents for a fee. In Illinois, resident
shelters and sheller's helpers need to purchase a
license, and licenses are not available to nonresi
dents. To harvest mussels in Missouri, a resident or
nonresident commercial fishing license and a mussel
tag are required.

Minnesota and Missouri do not sell commercial
mussel buyer's licenses (Table 2). In Wisconsin,
resident buyer's licenses and resident buyer's helper
licenses are required, but at no fee. In Iowa and
Illinois, resident and nonresident buyer's licenses
are required. All states except Minnesota require a
report. The buyer's report, like the sheller's report,
varies among states and needs to become standard
i z e d .

The 1992 regulations demonstrate that great
strides have been made toward uniformity since
1979, but additional changes are still needed,
especially in regard to reporting.

C o m m e r c i a l M u s s e l H a r v e s t

Iowa has the longest recorded history of mussel
harvest, from 1920 to 1942, resuming in 1976 (G.
Ackerman, Iowa Department of Natural Resources,
personal communication 1992). Annual harvest was
over a million pounds from 1920 to 1926, peaked in
1928 at almost 2.5 million pounds, remained over a
million pounds until 1930, and then declined (Table
3). These values underestimate the real harvest due
to a lack of reporting by some licensees. From 1922
to 1928, the reporting percentage varied from 70% to
80%. In 1928, only 52% of licensed shellers reported
their harvest. If the reported harvest value is ex
panded to reflect 100% of the take, more than 4.5
million pounds were harvested in the peak year of
1928.

Because of differences in reporting requirements
and the availability of reports, the period from 1988
to 1990 is the only time span with harvest data
available from all five states (Table 4). The total
harvest for the three-year period is 17.8 million
pounds, valued at $9.6 million. Illinois represents
the largest percentage of the harvest (42%), followed
by Iowa (34%), Wisconsin (20%), Missouri (5%), and
Minnesota (< 1%).

The most recent year for which data are avail
able for all five states is 1990 (Table 4). Over 6.5
million pounds of mussels were harvested. Partial
data for 1991 and 1992 indicate a sharp decline in
total pounds harvested.
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Table 3. Iowa mussel harvest, value, number of licenses,
and percentage of licensees reporting from the Mississippi
R i v e r .

I ILLINOIS E) WISCONSIN El MISSOURI BlOWA

1920
1 9 2 1

1 9 2 2

1 9 2 3

1 9 2 4

1 9 2 5

1926
1 9 2 7

1928
1 9 2 9

1 9 3 0
1 9 3 1

1932
1 9 3 3

1 9 3 4

1 9 3 5

1936
1 9 3 7

1 9 3 8

1 9 3 9

1 9 4 0

1 9 4 1

1 9 4 2

1943-74
1 9 7 5

1976
1 9 7 7

1978
1 9 7 9

1 9 8 0

1981

H a r v e s t

(lb)
1,866,580
1,043,894
1,002,355
1,424,933
1,165,657
1,144,687
2,058,626

888,982
2,422,897
1,020,484
1,482,679

858,334
299,181

435,269
324,344
128,499
192,438
266,449
148,665
296,735
225,960
365,852

145,015
529,559
612,000
247,332
183,511

Va l u e
($)

54,295
13,131
16,808
31,162
21,633
45,432
63,641
31,167
61,833
21,444
22,810
10,798

2,313

Number of Percentage
l i c e n s e s r e p o r t i n g

6,482
29,529
37,170
17,313
14,775

1 9 8 2 355,900 27,134 1 5 8 3 1

1 9 8 3 57,655 4,282 5 6 3 2

1 9 8 4 262,500 26,250 1 2 9 1 8

1 9 8 5 1,167,416 154,513 2 2 0 3 9

1986 774,800 155,000 219 2 4

1 9 8 7 2,033,930 671,000 130 8 3

1988 1,704,878 727,000 1 2 4 8 5

1989 1,868,175 1,000,000 2 3 1 7 2

1 9 9 0 2,388,514 2,169,736 4 6 9 8 4

1 9 9 1 1,228,526 1,296,000 3 2 8 8 7

* Data not available.

Note: Data in this table were obtained from the Iowa

Department of Natural Resources.

Washboard is the foundation of the current
mussel industry. Before the die-off, shell buyers did
not buy dead or relic shells (Sparks et al. 1990).
However, the amount of dead washboard in the
harvest is increasing, and the amount of live wash
board harvested is decreasing. The percentage of
dead shell harvested in Illinois from the Mississippi
River has remained relatively constant (45-48%)

Figure 1. Percentage of washboard harvest from
Mississippi River composed of dead shells.

$1.50 "E

— ' $ 0 . 0 0
1991

Figure 2. Amount and average price of live washboards
harvested in Wisconsin and Iowa from the Mississippi
R i v e r .

from 1987 to 1990 (Figure 1). In the other three states
where washboard can be legally harvested, the
percentage of dead washboard has increased. The
Missouri dead washboard harvest increased from 32
to 47%. In both Wisconsin and Iowa, the percentage
of dead shell in the total harvest has been as high as
71%. The increasing percentage of washboard
harvest made up of dead shells is a reflection of the
market, the impact of the 1982-1985 mussel die-off,
and the decreasing numbers of live washboard
a v a i l a b l e f o r h a r v e s t .

As the amount of live washboard harvested
decreased from 1987 to 1991, the price increased
(Figure 2). Wisconsin and Iowa are the only two
states with this kind of data for the time period, but
Illinois and Missouri also have shown a declining
trend in live washboard harvest and a concurrent
increase in price. The live washboard harvest
decreased 65% from 1987 to 1991. By contrast, the
price for live washboard has increased from 20 cents
a pound in 1987 to an average of $1.70 in 1991. The
price has thus increased 8.5 times.

The demand, coupled with the decreasing
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Table 5. Harvest per unit effort by Iowa shellers in the
Miss iss ipp i R iver. *

1 9 8 7 1 9 8 8 1 9 8 9 1 9 9 0 1 9 9 1

L i v e w a s h b o a r d 4 1 . 6 4 6 . 1 4 3 . 6 1 7 . 3 1 3 . 0

Dead washboard 6 9 . 1 54 .1 5 4 . 7 3 7 . 6 3 1 . 8

Threeridge 3 . 7 2 .0 1 3 . 7 1 5 . 0 2 . 4
All species 11 4 . 5 1 0 2 . 2 11 2 . 1 7 0 . 1 4 7 . 2
* Catch per unit in pounds per hour.
From Ackerman and DeCook (1992).

availability of legal-sized washboards, drove the
price higher. Slow-growing washboard populations
may no longer be able to keep up with these harvest
pressures.

Catch-per-unit-effort values were calculated
from Iowa commercial clammer reports (Ackerman
and DeCook 1992). The catch-per-unit-effort for live
washboard was fairly steady from 1987 to 1989 but
dropped greatly in 1990 and 1991 (Table 5). This
marked change can at least be partially attributed to
a n i n c r e a s e i n t h e m i n i m u m s i z e l i m i t s f o r l i v e
w a s h b o a r d i n 1 9 9 0 .

Catch-per-unit-effort for dead washboard shells
has shown a steady but slow rate of decrease. In
contrast to increasing size limits on live washboard,
I o w a r e m o v e d s i z e l i m i t r e s t r i c t i o n s o n d e a d s h e l l s
of commercial species in 1990 and 1991. Therefore,
the decreasing catch-per-unit-effort on dead wash
board probably reflects a decrease in the amount of
sa lab le dead she l l s ava i l ab l e f o r ha r ves t .

The large variation in catch-per-unit-effort for
threeridge was due primarily to changes in buyer
demand rather than to population changes. For the
combination of all species harvested, there has been
a decline in catch-per-unit-effort since 1987.

The Future of Mussel Management
Explaining all the changes in the commercial mussel
fishery over the past 10 years and predicting what
will happen in the next 10 years is difficult because
of the large number of influencing variables, includ
ing market demand, cost of licenses, changes in
minimum size limits, the mussel die-off, and river
c o n d i t i o n s . A n o t h e r f a c t o r t h a t c l o u d s t h e f u t u r e o f
the Mississippi River mussel fauna is the introduc
tion of the zebra mussel {Dreissem polymorpha) in
1991. The greatest immediate effect of zebra mussels
in the Upper Mississippi River ecosystem will be on
the native mussels. The significance of the effect of
zeb ra musse l s on t he na t i ve musse l f auna i s unce r

tain, but current mformation from the Great Lakes
indicates a possible devastating impact (Hunter and
Bailey 1992).

In the late 1980s, concern for the Upper Missis
sippi River mussel fishery was the impetus for the
formation of a mussel committee within the UMRCC
(Fritz 1990). The committee developed a strategic
plan that documented the problems which are
barriers to effective mussel management efforts and
prescribed a strategic plan of action that would
provide river managers with the necessary informa
tion to effectively manage the mussel resource. This
symposium, "The Conservation and Management of
Freshwater Mussels," was a direct result of the
UMRCC's strategic mussel plan.

Recommendations for future mussel manage
ment on the Upper Mississippi River include
standardized sheller and buyer report forms,
development of more imiform regulations, and
continued implementation of the strategic mussel
plan goals. Some of the high-priority objectives are
to develop a solid base for funding and to continue
research in areas such as life histories and exploita
tion. If there is a future for the Upper Mississippi
River mussel resource 101 years after the birth of the
commercial mussel industry, there must be sound
scientific management.
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Why Did Indiana Halt Commercial Mussel Harvest in 1991?

Robert M. Anderson, Thomas Stefanavage, and Thomas Flatt
Indiana Department of Natural Resources, Indianapolis

Abstract Indiana has a long heritage of commercial mussel harvest. Demand for mussel shell has
fluctuated for decades and in recent years has undergone dramatic increases associated, in part,
with favorable collecting conditions and increased price. Historically, 76 species of mussels
occurred within the state although recently five species constitute more than 90% of the annual
harvest. The ability of the mussel resource to sustain harvest under existing conditions came into
question, prompting a review of harvest information. A doubling of commercial license sales was
recorded in 1991 as compared to the 1988-1990 average. The reported annual harvest of 33,904
pounds in 1985 was greatly surpassed by the 342,475 pounds reportedly harvested in 1991. Since
1988 approximately 95% of the mussels taken in Indiana have originated from 1,136 river miles;
however, more than 75% of the 1991 harvest originated from less than 175 river miles. Tradition
ally harvested stream segments previously supported 26 to 28% of the annual harvest; this figure
declined in 1991, however, to 12.8% with increases in harvesting in previously unharvested areas.
Changes in the overall catch composition, away from species most harvested in the mid-1980s,
were also observed. Additionally, mussel kills, law enforcement concerns, and regional changes
in mussel regulations prompted the early closure of the 1991 season. A longer-term closure has
been proposed while studies are completed to assess the resource and management options are
r e v i e w e d .

I n t r o d u c t i o n

The harvest and sale of freshwater mussel shell and
pearls has been an important economic factor in
Indiana history, especially in small river towns. In
the early 1900s the Wabash River was known for
quality pearls and mussel shell, but production had
already declined due to past harvest and "needed a
rest" (Vertrees 1913). In 1965 harvest had again
peaked, with more than 2 million pounds reportedly
harvested (letter to Indiana Governor Roger
Branigin from H.E. McReynolds, Fisheries Supervi
sor, Indiana Department of Natural Resources). Each
of the peaks in demand has been associated with
increased research and recommendations for
changes in harvest regulations (Call 1900, Goodrich
and van der Schalie 1944, Meyer 1968, Bingham
1968). A boom and bust cycle of mussel harvest has
been repeated at intervals in response to market
forces and resource availability.

Although 76 species of mussels occurred histori
cally in Indiana waters, this number has been
reduced significantly. Today as few as 50 species
may survive, and relatively few are commercially
valuable. Five species—the mapleleaf {Quadrula
quadrula), pimpleback {Quadrula pustulosa), mucket
{Actinonaias ligamentina), threeridge {Amblema
plicata), and washboard {Megalonaias nervosa)—

account for 90% of the armual harvest (Stefanavage
1992). Most of the mussels harvested in Indiana are
t a k e n f r o m r i v e r s .

The ability of the mussel harvest to continue
under existing conditions came into question during
the 1991 harvest season. This prompted a review of
harvest information and eventually an emergency
rule for early closure of the 1991 harvest season
(Flatt et al. 1992).

Indiana Mussel Harvest Regulations
Management of Indiana's mussel resources is the
responsibility of the Indiana Department of Natural
Resources (IDNR). The mussel harvest regulations in
place in 1991 (Table 1) were the result of research as
well as tradition and market forces. Licenses to
harvest mussels were only available to Indiana
residents, but the definition of "resident" was not
clear and this requirement was generally unenforce
able. Size limits were in part based on the market
able shell size. Restrictions imposed by the shell
buyers were sometimes more stringent than those
legally required. For example, washboards under 4
inches were not generally marketable, but wash
boards 2 Vi inches long were legal. The use of

Conservation and Management of Freshwater Mussels: Proceedings of a UMRCC Symposium
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compressed air to harvest mussels was banned in the
late 1960s due to the potential for overharvest
(Krumholz 1967). Scuba gear other than tanks and
regulators was not restricted, and harvesters sometimes
used wetsuits, dive masks, fins, and dive weights.

Reduction in Mussel Harvest Areas
Based on mussel harvester reports, shells have been
taken from 1,494 miles of the 9,000 miles of streams
and rivers in Indiana. The two most important
mussel-producing rivers in Indiana are the Wabash
River and the East Fork of the White River, which
together account for most of the annual harvest
(Figure 1). Eliminating counties that have produced
less than 3,000 pounds since 1988, 95% of the harvest
comes from only five rivers (Table 2). Over 92% of
the harvest from these rivers originates from 16
counties with about 495 miles of river. Harvest from
high-production reaches of the Wabash River, East
Fork White River, and Tippecanoe River tradition
ally account for 64-68% of the harvest. This in
creased in 1991 to 75%. At the same time, river
reaches that have long accounted for one quarter of
the annual harvest exhibited a 50% decline in
harvest. Mussels taken from streams and river
segments harvested for the first time in 1991 became
more important to the total statewide harvest than in
previous years, contributing 11.6% of the total.
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Figure 1. Annual reported mussel harvest from Indiana in
the East Fork White River, Wabash River, and other
waters of the state between 1982 and 1991.

These trends suggest that harvesters are abandoning
the oldest mussel beds and focusing on increasingly
small, high-producing areas while searching for new
sources of shell (Flatt et al. 1992).

C o m m e r c i a l M u s s e l D i s t r i b u t i o n s

In 1991 a three-year study of the status and distribu
tion of mussels in the Wabash River system was
completed (Cummings et al. 1992). This study, along
with numerous tributary surveys, documented
severe reductions in mussels populations in exten
sive river reaches. For example, the washboard,
which was the most sought-after species in 1991,
exists in only two counties in numbers that could be
expected to support commercial exploitation
(Cummings et al. 1992, IDNR unpublished data).

The relative contribution of the top five species
and "other" to the overall harvest in Indiana has
been changing (Figure 2). All species except wash
boards and "other" exhibited declines (Figure 2).
The least affected is the mapleleaf, which is actually
also a composite of several species with rough shells
(Table 3). Examination of harvest trends for indi
vidual species in the two most important mussel-
producing rivers show similar declines. The harvest
of threeridge relative to other species in the Wabash
River has been declining despite the high value of
the shell (Figure 3). The mucket is increasingly
coming from areas other than those that produced
the most of this species in the past (Figure 4).

Inc reased Harves t P ressure

Sale of commercial licenses reached a high in 1991,
when nearly 1000 were sold, almost triple the mean
for the previous nine years (Figure 5). Record

Table 1. Summary of Indiana's mussel harvest regulations
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Table 2. Primary mussel harvest areas reported by river and county by mussel

# River
M i l e s

E e l C a s s - *

Tippecanoe Tippecanoe*
C a r r o l l *

W h i t e * * *

W a b a s h K n o x * *

S u l l i v a n * *

Vigo**
P a r k e * *

Ve r m i l l i o n * *

F o u n t a i n * *

W a r r e n * *

Tippecanoe*
C a r r o l l *

C a s s *

White East Fork Daviess**

M a r t i n *

L a w r e n c e *

White West Fork Delaware***

Randolph***
T O T A L S

R e a c h
H n m i l e s '

Oto 13.8

0 to 5.8

5.8 to 18.9

95.6 to 147.7 52.1

147.7 to 189.5 41.8

189.5 to 226.0 36.5

NA-See Vermillion

226.0 to 269.7 43.7

NA-See Vefmillion & Warren

269.7 to 298.7 29.0

298.7 to 327.2 28.5

327.2 to 344.7 17.5

344.7 to 387.3 22.6

49.5 to 76.6 27.1

76.6 to 111.9 35.3

111.9 to 169.1 57.2

301.1 to 331.3 30.2

331.3 to 362.0 30.7

4 9 4 . 9

Reported
38 Harvg?1

1,272

10 ,861

35,635

2,522

7.443
8,170
7,415

11,097
16,553
17,481

1,159
13,029
34,465
13,777

8,846
33,280
79,961

6,633

g_
309,599

harvesters (Flatt et al. 1992).

Reported Reported

3,171
29,844

6,548

15,623
7,019
2 , 2 8 3

3,390
14,496
11,469

2 , 4 6 6

12,406
36,138

6,684

7 5 1

23,069
4 3 , 3 4 9

3,777

0_
222,828

4,578

3,777
17,712
2,838

16,582
1,095
5,121

1 2 2

15,941
7,502
5,530

7,316
18,231

2,767

0

20,719
67,691

10,230
3,066

210,818

Reported
) 1 H a r v e s t

7,941

2,893
24,175
8,202

5.683
3,167
6,051
4,219

11,784
4,102
1,589

18 ,800

42,463
14,096

8 7 5

73.714
64.886

17,884
2,513

315,037t

Total reported state harvest less the Ohio River
Total reported harvest from the five rivers
% harvest (listed counties/whole state)
% harvest (listed counties/5 rivers)
% harvest from core areas (*)
% harvest from traditional areas (**)
% harvest from new areas (***)

tTotal as reported by 10/29/91

license sales in 1991 coincided with a record annual

reported harvest. These sales raised concerns regard
ing the number of inexperienced harvesters, who are
often unfamiliar with the regulations and have a
greater potential to misidentify endangered and low-
value species. At least one endangered mussel—the
sheepnose, Plethobasis cyphyus—was found in commer
cial shell stock piles. What appeared to be a pyramid
pigtoe, Pleurobenm pyramidatum (= P. rubrum), was

323,036 229,684 219,477 341,475

314,525 228,707 218,580 333,737
9 5 . 8 9 7 . 0 9 6 . 1 9 2 . 3

9 8 . 4 9 7 . 4 9 6 . 4 9 4 . 4

6 7 . 9 6 8 . 0 6 3 . 8 7 5 . 6

2 8 . 8 2 7 . 2 2 6 . 4 1 2 . 8

3 . 4 4 . 8 9 . 8 1 1 . 6

retained by a commercial mussel harvester on the East
Fork White River (Cummings et al. 1992). General
unfamiliarity with species identification and harvest
regulations resulted in waste from harvest of unsalable
species and undersized mussels.

Actual harvest is probably substantially higher
than reported harvest. On average, shell buyers
report purchasing about 60% more shells than are
reportedly sold by harvesters.
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Environmental Impacts

The Midwest experienced droughts in 1988 and
1991. Low water and high temperatures have
unknown consequences for mussels and their fish

Ye a r
M a p l e i e a f P i m p l e b a c k M u c k e t
Threer idge I I Washboard [ 1 Other

Figure 2. Species composition of harvest as reported by
commercial mussel harvesters between 1982 and 1991.

hosts. In 1991 three mussel kills were reported. Two
in the Ohio River involved primarily native species,
and one in the East Fork White River appeared to be
mostly Asian clams (Corbiciila fluminea). The extent,
cause, and overall impact of these losses has not
b e e n d e t e r m i n e d .

Y e a r
— E F o r k W h i t e R i v e r — Wa b a s h R i v e r

Figure 3. Percentage of the total Indiana reported harvest
of threeridge, Amblema plicata, from the East Fork While
River and Wabash River.

Table 3. Reported harvest by musselers in 1991 and reported mussel purchases by buyers, broken down by species and
species groups.

Type of mussel
Total reported

harvest (lb)
% o f t o t a l

h a r v e s t
Pounds bought by

mussel buyers
% of buyer
purchase

Mapleieaf
(Quadrula quadrula)

78,301 19 .1

Pimpleback
(Quadrula pustulosa)

43,884 1 0 . 7

M u c k e t

(Actinonaias ligamentim)
94,580 23 .1 252,899 1 8 . 4

Threeridge
(Amblema plicata)

86,413 21 .1 219,812 1 6 . 0

Wa s h b o a r d

(Megalonaias nervosa)
86,046 2 1 . 5 403,526 2 9 . 3

O t h e r 18,622 4 . 5

Mapleieaf mixed* 436,830 3 1 . 7

Elephant ear
(Elliptio crassidens)

17,885 1 . 3

Purple pimpleback
(Cyclonaias tuberculala)

46,471 3 .4

* Approximate breakdown of 55% mapleieaf, 30% hickorynut, 20% pimpleback, and 5% plstolgrip, monkeyface, pigtoe,
etc., combined (Stefanavage 1991).
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Contributing Factors
Prior to the season closure in Indiana, other Midwest
and Ohio Valley states had more restrictive harvest
regulations than Indiana. Increases in license fees
and changes in harvest regulations in other states
made Indiana attractive to out-of-state mussel
harvesters. Although mussel harvesting licenses are
issued only to Indiana residents, the residency

8 2 8 3 8 4 8 5 8 6 8 7 8 8 8 9 9 0 9 1
Y e a r

E ForK White R Wabash River

Figure 4. Percentage and river source of reported harvest
of mucket, Actinonaias ligamentina, in Indiana from 1982 to
1 9 9 1 .

requirements are difficult to enforce. The number of
nonresidents found harvesting mussels in Indiana
increased in 1991.

Despite increased surveillance by Indiana
conservation officers, it became apparent that
several regulations were difficult or impossible to
enforce. Illegal activity was being reported more
frequently, but few arrests were made. In the past
all mussel species, except those listed as endangered,
were legal to harvest. This necessitated that both law
enforcement officials and harvesters leam to identify
dozens of species. The result has been the lumping
of species by harvesters and enforcement officials.
Consequently, limited enforcement of endangered
species laws regarding mussels occurred in the past.

i

Support and Opposition to the Closure
Harvesters along the Wabash River were generally
supportive or expressed limited opposition to a
temporary closure of the mussel season (Flatt et al.
1992). The Wabash River was subjected to greater
harvest pressure than other streams in the 1980s.
Low recruitment and diminishing harvest had been
reported by several Wabash River mussel harvest
ers. In contrast, mussel harvest from the East Fork
White River has intensified only since 1988. For
several years prior to 1988, little or no mussel
harvest was reported from this river. Although
mussel populations apparently exist in harvestable
numbers in only 92.5 miles (two counties) of the East
Fork White River (Table 2), harvesting mussels
remained profitable. Harvesters along the East Fork
White River expressed greater opposition to the
closure than did those along the Wabash River.

T o
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I, 200-
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Reported Harvest Licer^se Sales

Figure 5. Number of mussel harvest permits issued in
Indiana between 1982 and 1991 with the total reported
harvest by year.

C o n c l u s i o n

The early closure of the 1991 mussel season was the
only way to prevent extensive damage to Indiana's
mussel resource due to legal and illegal mussel
harvest activity. This closure has been made perma
nent while the ability of the resource to recover to
sustainable levels is ascertained. Many of the laws
regulating mussel harvest must be reviewed to bring
them in line with existing knowledge of the life
histories of the species most sought. These regula
tions must also be reviewed by law enforcement
officials to ensure that they are enforceable. The
IDNR is currently engaged in research in the most
heavily harvested river reaches to determine present
mussel population size and structure. This study is
designed to continue for two more years, when the
rule closing the mussel season will be reviewed.
Legislative action has also been undertaken by
interested state representatives to tighten residency
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requirements and increase license fees to make the
commercial mussel program self-supporting. In 1991
similar proposals, along with increased penalties for
harvest violations, failed passage in the state House
of Representatives.
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Musseling in Kentucky: The First 200 Years

Edwin F. Crowell and Benjamin T. Kinman
Kentucky Department of Fish and Wildlife Resources, Frankfort

Abstract. The history of commercial mussel harvest in Kentucky was documented. Changes in
regulatory control of the industry in response to the impacts of harvest on mussels and other
aquatic communities were delineated. The effectiveness of regulations to alleviate specific
problems or ameliorate impacts has been temporary. The rapid expansion of the industry in the
mid-1980s, when shell prices quadrupled, created conflicts between musselers, commercial
fishermen, and recreational interests, primarily anglers. A major revision of regulations was
requested to resolve the conflicts. A public involvement process, soliciting input from identifiable
interest groups, was initiated to address these conflicts. The process resulted in a better under
standing of the complexity of the problems, a mutual respect among the groups, and a set of
recommended regulatory changes. Changes in regulations that reflect the concerns of key
stakeholders can enhance their acceptance, thus insuring greater success in reducing conflicts
among resource users.

I n t r o d u c t i o n

Kentucky's freshwater mussel populations have
been an abundant source of taxonomic information
for scientific investigators and a greater economic
boon for commercial exploiters for most of the 200
years since Kentucky became a state in 1792.
Michaux (1805, cited by Williams 1969) stated "in the
Ohio they find in abundance a species of Mulette
which is from five to six inches in length. They do
not eat it, but the mother o'pearl, which is very thick
in it is used in making buttons."

The focus of this paper is an abbreviated history
of Kentucky's mussel fishery. Commercial
musseling has prospered as a result of the easy
accessibility to a dense and diverse mussel fauna.
Recent conflicts within the mussel fishery and
between other aquatic resource users provided the
impetus for this documentation.

Species Diversity
Kentucky's diverse unionid fauna has been studied
since the early 1800s. The early taxonomic studies
conducted by C. S. Rafinesque in 1818-1819 (Cicerello
et al. 1991) began to delineate the great diversity in
the Kentucky fauna. Schuster (1988) and Cicerello et
al. (1991) listed 103 unionid species as currently or
historically occurring in the state. These represent
two major faunal assemblages—the Mississippian,
which includes the Ohio subregion, and the
Cumberlandian, described by A. E. Ortmann (1926).

Additionally, Cicerello et al. (1991) included a single
species citation by Johnson (1980) from the Atlantic
Slope assemblage.

There is minor disagreement among researchers
as to the number of taxa that are extinct or extir

pated. Generally, they agree that only 84 or 85
species currently persist, with 28 to 34 species
having federal or state endangered or threatened
status because of their scarcity (Cicerello et al. 1991,
Schuster 1988). Universal consensus holds that
human activities have severely affected Kentucky's
mussel populations over the past 200 years. Fuller
(1974), Havlik and Marking (1987), and the U.S.
Army Corps of Engineers (1981) attributed the
decline in diversity to altered physiochemical
conditions, channelization, dams, commercial
exploitation, mining wastes, pesticides, improve
ments for navigation, and other industrial and
agricultural development in response to human
population expansion.

Economic Importance
Schuster (1988) lists 19 current or historical commer
cially important mussels in Kentucky. Of these, 12
were termed very important, four were considered
less important, and three were "pinks," which are
used in decorative items and costume jewelry.
Recent harvest and sale records show that primarily
three species {Qiiadrula quadrula, Amblema plicata,
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Figure 1. Average price per ton paid for mussels 1920-
1991. Numbers at arrows are maximum price paid for
highest quality shells.

Figure 2. Mussel license revenues 1945-1991. All amounts
have been adjusted to 1991 dollars to illustrate changes in
mussel harvesting activity through time.

and Megalonaias nervosa) are being sought by
buyers.

Historically, the commercial exploitation of
unionids in Kentucky can be traced to the late 1700s
to early 1800s. Michaux (1805, cited by Williams 1969)
mentioned seeing buttons circa 1802 in Lexington
that were as beautiful as European-made buttons.
We could not find any substantiation, but the
implication was that the buttons were made from
shells taken from the nearby Ohio River.

Isom (1966) stated the existence of a button
factory in Knoxville, Tennessee, in 1883 that operated
for a short time but failed due to unsuitable machin
ery. The first successful button venture according to
Coker (1919) was in Iowa in 1891. The industry
expanded into Kentucky in the Tennessee, Ohio, and
Green rivers and was flourishing by the turn of the
century. From then until the 1940s, musseling for the
pearl button industry was carried out on many river
systems. Button factories were mobile enough to
move as new mussel beds were discovered. The sites
of these factories can still be found where there are
large piles of discarded shells with button blanks cut
from them. Williams (1969) noted such piles near

Paducah, Kentucky, on the Tennessee River and at
Portsmouth, Ohio; Vanceburg, Augusta, and
Cloverport, Kentucky; Leavenworth, Indiana; and
Metropolis, Illinois, on the Ohio River.

As expected, the species used in the button
industry varied, largely due to availability of high-
quality shells. Most reports, including those of
Williams (1969) and Coker (1919), indicated that the
yellow sandshell, Lampsilis teres, was the predomi
nate species used in the button industry. Other
"yellows" and mixed "whites" (mucket, Actinonaias
ligamentina; pocketbooks, Lampsilis ovata and L.
cardium; black sandshell, Ligumia recta; ebony shell,
Fusconaia ebena) were variously utilized.

Button manufacturing peaked in the 1920s and
1930s. In Kentucky, an estimated 1(X) to 150 men worked
the lower Tennessee River from mile 31 downstream to
the mouth at Paducah. During that same period, Ohio
River musselers were working in crews of six to 20
boats per 40-mile river segment. Mussel buyers were
paying $15/ton for mixed whites and $70/ton for
yellows (Figure 1). At the beginning of World War II,
the button industry rapidly declined. Jobs were
suddenly plentiful, gasoline for outboard motors was
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scarce, many known mussel beds were probably
showing signs of over-exploitation, and most impor
tantly, plastics began to replace mussels as button
material (Williams 1969).

Musseling began another surge in the early 1950s
when the Japanese cultured pearl industry "discov
ered" freshwater mussels (Figure 2). They found
that the thick white shells from the Tennessee and
Ohio rivers were ideal material for pearl nuclei or
"seeds" placed in pearl oysters for cultured pearl
production (Sickel 1991). By the early 1960s, over 900
mussel boats were active on the Tennessee River
(Williams 1969). Musseling peaked on the Ohio River
in the mid-1960s, when 75 to 100 boats were active
between Cattlettsburg, Kentucky, and Cairo, Illinois.
By 1966, only six boats worked the lower Tennessee
and only 24 were musseling the Ohio along
Kentucky's northern boundary.

During this boom period, shell prices gradually
increased from an average of $40/ton in 1945 to $180/
ton in 1967 (Isom 1969). Musselers first ventured into
Kentucky Lake in 1967 and enjoyed short-lived success
in harvesting shells from the inundated Tennessee
River channel. Prices ranged to $240/ton, but poor
shell quality quickly halted the lake harvest.

The total number of musselers remained low
from 1968 to 1984 despite some elevated prices for
shells. Two minor exceptions are noted. The first
increase in activity in 1974 was probably related to
poor national economic conditions. Another minor
surge occurred in 1981-1982 when a few enterprising
brailers began to explore the overbank areas of
Kentucky Lake outside the original Tennessee River
channel. Their efforts were rewarded when those
shells commanded much higher prices. Through
most of the 1970s, mussel prices remained in the
$4CI0-$500/ton range (Sample 1980). In 1981, prices
more than doubled to $1,250/ton for overbank
threeridges {Amblema plicata), which eventually
reached $l,400/ton in 1982. Only 76 brailers were
licensed in 1985, with prices peaking at $1,800/ton
for washboards, Megalomias nervosa.

From the spring of 1986 through the fall of 1991,
increases in musseling activity and shell prices have
been astonishing. By 1990, the Kentucky Department
of Fish and Wildlife Resources (KDFWR) licensed
815 brailers and had an estimated equal number of
illegal divers, "hand-pickers" and "toe-diggers."
Shell prices averaged $2,580/ton, with $4,000/ton
paid for selected washboards. A temporary buyers
"war" in the summer of 1991 pushed average shell
prices above $3,000/ton, with large washboards
commanding up to $14,000/ton. A minor (4%)
reduction in license sales occurred in 1991, but this
was most likely accompanied by a much larger
increase in numbers of illegal harvesters. To date, in

1992, license sales are less than 500, with prices gener
ally in the ranges seen in 1990. A surge in interest in
Ohio River shells temporarily reduced the harvest
pressure on Kentucky and Barkley lakes in 1992 but
appears to be another short-lived phenomenon.

History of Mussel Regulations
The Kentucky Game and Fish Commission was
established in 1912, and the first law addressing
mussel harvest was enacted in 1926. This original
legislative act provided the framework for the
statute that exists today. In the 1926 act, a commer
cial license (resident and nonresident) was estab
lished entitling the holder to operate one boat only.
By the end of the calendar year, each musseler was
required to submit a report delineating the total
weight of mussels harvested, amount received from
their sale, and location of harvest. Enforcement
power was granted to agents and game wardens of
the state Game and Fish Commission. No method of
mussel harvest was described in this original law,
but interestingly, a provision specified that only four
boats could operate per mile of shell bed. Concern of
overharvest was evident during this time frame
because the law granted the Game and Fish Com
mission authority to close any mussel bed following
publication of closure in the county newspaper.

The statutes have remained similar through time
except for minor wording and numbering changes.
There was an addition in 1948 establishing a mussel
buyer's license. Also, in 1944, an emergency law was
passed declaring the portions of the Tennessee River
that were to be inundated by Kentucky Lake as a
license-free zone. No mussel license was required to
harvest shells within this zone, because the im
poundment was deemed lethal to the shells.

The KDFWR was formed in 1953, and recent
control of mussel harvest has been in the form of
administrative regulations in addition to the previ
ous statutes. A 1952 regulation declared all mussel
beds in all streams to be open year round. This
remained unchanged until 1965, when the first
mussel sanctuary was established below Kentucky
Lake from the dam to river mile 18. This 1965 regula
tion also established musseling hours between 6
a.m. and 6 p.m. Method of take was first described
in this regulation, prohibiting the use of mechanical
dredges, forking, and/or divers. The legal method
of taking was established as brailing with a limit of
two brails per boat and specifications on brail wire
size and prong length. A minimum size limit of 2.5
inches was established for all mussel shells.

The 1965 regulation has become the core regulation
for the Department. Sanctuaries have been extended to
200 yards below all dams and to Highway 62 below
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Barkley Lake (1966), embayments of Kentucky and
Barkley lakes (1987), river mile 418-419 of the Ohio
River (1987), Big South Fork National River and
Recreational Area (1988), and further sections of the
Ohio, Green, and Barren rivers (1991). These latter
extensions of sanctuaries have been solely for the
protection of federally endangered mussels. Asian
clam shells {Corbicula sp.) were exempted from the
minimum size limit in 1966 to allow their use as bait by
commercial fishermen. Licensed fishermen were also
permitted to harvest 100 mussels by hand for their
personal use until 1982, when this privilege was
revoked (except for Corbicula sp.) via a separate regulation
describing live bait for personal use. Also in 1982,
wording in this regulation was qualified to specifically
prevent diving as a method of mussel harvest.

In 1987, changes were promulgated addressing
size limits and brailing times. The minimum size iLnit
was increased to 3.75 inches for washboard and 2.75
inches for threeridge. The 2.5 inch size limit remained
for all other mussels except the Asian clam. Brailing
hours were restricted to 8 a.m. uiitil 6 p.m. on Ken
tucky and Barkley lakes to lessen conflicts associated
with other commercial fisheries.

Most recent amendments (1991-1992) to the mussel
regulations and statutes have been to curtail growth of
the mussel fishery and illegal activity associated with
the fishery. Waters open to musseling have been
limited to areas presently or historically brailed,
thereby automatically closing all other waters in the
state. New mussel license sales were restricted to
individuals who had purchased a musseling license in
either of the previous two years, essentially placing a
temporary cap on the fishery. All musselers must have
their current musseling license number clearly painted
or affixed to their boats and visible from the air.
Specific wording has been added to the regulation,
making it unlawful for any person or persons to
possess "green" mussels without possessing a com
mercial mussel or commercial mussel buyer's license.
Musseling regulations have been modified temporally
and spatially on Kentucky and Barkley lakes to again
reduce conflicts with other commercial fisheries.
Statute changes, effective in 1992, have substantially
increased penalties for violations of mussel regula
tions, particularly for using illegal methods of harvest.
Previously, penalties were a meager $25-200; now the
penalties are as follows:

F i n e I m p r i s o n m e n t
First offense $ 100-1,000 <30 days
Second o f fense $ 500-1 ,500 <6 mon ths
Subsequent offense > $ 2,000 < 1 year

Conflicts and Surveys

Historical changes in statutes and regulations
indicated there was a minimal level of user conflict
and some concern regarding overharvest of shells.
The authority to close mussel beds and the restric
tions on the number of musselers per bed are
evidence of these problems.

The KDFWR perceived an overharvest of mussels
in the lower Tennessee River and established a sanctu
ary there in 1966. The Department subsequently
funded a three-year study to determine the extent of
mussel beds, species composition, population density,
harvest, recruitment, and reproduction of mussels in
the Kentucky portions of the Tennessee and Ohio
rivers and on the Green River (Williams 1969). It is
curious to note that this study was initiated because
overharvest was apparent, and then data were col
lected to document overharvest.

The major conflicts associated with the mussel
fishery began in the mid-1980s, when numbers of
musselers began to increase commensurate with the
higher shell prices. In the summer of 1986, shell
prices reached $2,700/ ton for cooked out (meat
removed) washboard shells, and harvesters num
bered 168, which was twice the number licensed in
the previous year. Most of the effort was directed in
the two major lakes, Kentucky and Barkley lakes. By
July 1987, licensed musselers doubled again to over
350. During this time, the Department initiated the
regulation change for reduction of musseling hours,
closure of Barkley and Kentucky lake embayments,
and increased size limits. Public outcry officially
began with letters of complaint from tourism
promotion groups in the area of Kentucky and
Barkley lakes area. While most complainants
perceived a threat to water quality from
resuspension of "toxins" by brailing activity, the list
of issues quickly grew. The most prevalent conflicts
involved the widespread destruction of natural and
human-made fish habitat such as stumps and
brushpiles; the destruction of spawning sites; the
overharvest of mussel resources by legal brailers
and illegal divers; and the presence of brail boats on
historic recreational fishing areas that precluded
fishing through physical interference and intimida
tion. Secondary conflicts that subsequently became
issues were temporal and spatial overlap of
musseling and commercial fishing; competition
among groups for launching facilities; tlueats to
benthic invertebrate (primarily mayfly) populations;
discourteous behavior of brailers; inadequate control
of illegal musseling; and lack of substantive biologi
cal information on the magnitude and species
composition of Kentucky's mussel fauna.

A significant reduction in the white bass {Morone
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chrysops), sauger {Stizostedion canadense), and white
crappie {Pomoxis annularis) fishery in Kentucky Lake
s e r v e d t o e x a c e r b a t e t h e s i t u a t i o n . T h e m u s s e l
harvesters became somewhat of a scapegoat for a
number of problems that originated as a result of
relatively severe drought conditions that prevailed
over much of the region during the mid-1980s.

Department personnel attended public meetings
in the Kentucky Lake area and discussed solutions
with varied interest groups. Subsequently, in
August 1987, the Department recommended a cap
on further mussel license sales, a five-month closed
season, no weekend musseling, and an increase in
mussel license fees. Opposition to musselers was not
well-organized, and shell harvesters successfully
impeded the more restrictive recommendations
except for the fee increase.

By December 1987,448 musselers were licensed,
and the recreational public was fully engaged in the
debate. Chambers of commerce opposed musseling
because it was "destroying sportfishing resources."
They requested increased law enforcement to
vigorously deal with illegal activity and research to
determine brailing impacts on mussels, fish habitat,
fish spawning, water quality, and benthic
macroinvertebrates. Sportfishing guides wanted
brailing stopped. Conversely, the Kentucky Lake
Shell Harvesters and League of Kentucky Sportsmen
supported the musseling industry's viewpoint. The
Division of Fisheries was directed to develop a
mussel brailing impact study. The Division con
tracted a two-year study to investigate the effects of
brailing on spawning fish, the impact of the removal
of bottom structure by brails, the impact of brailing
on mussel resources, the impact on benthic inverte
brate fauna, the release of pollutants from sedi
ments, and the role of mussels in the system and the
effect of their harvest.

By 1990, the number of licensed brailers almost
doubled (815) again, with high-quality washboards
commanding $4,000/ton. The number of law
enforcement citations for illegal methods of mussel
harvest reached record levels. Most of this activity
remained directed at Kentucky and Barkley lakes,
and public demand for "change" had peaked.

A survey of brailing boats was conducted on the
two lakes to quantify brailing activity (Kinman,
Kentucky Department of Fish and Wildlife Re
sources, unpublished report 1991). The survey, which
i n c l u d e d a e r i a l c o u n t s o f b r a i l e r s o n b o t h l a k e s a n d
an on-the-water survey of Kentucky Lake activity,
documented area use from March through Novem
ber 1990. Findings included the following: activity
on Kentucky Lake was 1.7 times higher than that on
Barkley Lake; August was the peak month for
activity, with an average of 79 brailers/day on

Kentucky Lake and 43 brailers/day on Barkley Lake;
the single highest number of brailing boats was 106
on Kentucky Lake in October; some level of brailing
w a s c o n d u c t e d o n 7 8 % o f t h e a v a i l a b l e m a i n l a k e o n

Kentucky Lake; 67% of the total brailing activity was
restricted to 27% of the Kentucky main lake area.
Preliminary conclusions of the brailing impact study
(Sickel 1989) did not support the views of those
wanting to ban mussel brailing; therefore, the study
failed to meet their expectations. The main findings
included the following: the regulations restricting
brailing to the main lake excluded 30% of the
Kentucky portion of Kentucky Lake and 67% of the
shoreline from impact; mussel density increased
since an earlier study by Sickel and Chandler (1982);
relatively large numbers of juvenile mussels indicate
healthy populations that should sustain the resource
into the near future; growth characteristics of three
important commercial mussel species indicate
adequate food supply and good water quality; a low
harvest efficiency of 1.5% makes it unlikely that
brailers could destroy mussel resources before being
forced to move for economic reasons; and no main
lake areas suitable for crappie nesting were located.
Conclusions from the second year of the brailing
impact study (Sickel 1991) were that brailing re
duced numbers of fingernail clams (Sphaeriidae)
and mayfly nymphs (Hexagenia bilineata) in test
areas. The reduction in numbers was speculated to
be a result of disruption of burrows and subsequent
movement of nymphs out of the study area. Finger
nail clams were likely destroyed by brail hooks.
Most suitable fish spawning habitats for crappie and
black bass (Centrarchidae) were located in
embayments where brailing is prohibited.

The Department began a public involvement
effort in late 1990 to help diffuse the situation and to
empower stakeholders on all sides of the issue to
participate in seeking solutions. A total of 22 indi
viduals who were identified as key "players" in the
issue were contacted. They were asked to give their
views and concerns, to provide names of others who
should be involved, and, if they were willing, to
participate in a problem-solving effort. Telephone
interviews led to a group of 19 individuals represent
ing musselers, mussel buyers, fishing guides,
commercial fishermen, chambers of commerce, sport
fishermen, resort owners, tourism promotion
groups, fishing tournament promotion, marina
owners, and bait dealers, all willing to serve, to find
a s o l u t i o n .

The Mussel Advisory Group was finally estab
lished with 31 representatives and convened to
develop recommendations to the Fish and Wildlife
Commission to deal with the issues surrounding
commercial musseling on Kentucky and Barkley
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lakes. The Department provided a facilitator and a
recorder, and the Department's interests were
represented by staff from the Fisheries and Law
Enforcement divisions. During its 22 three-hour
meetings from 5 April 1991 through 30 May 1992 the
group adopted and enacted procedures that enabled
its members to tmderstand the issues, identify and
evaluate alternative solutions, reach agreements,
and develop recommendations. The group based all
of its decisions upon consensus and worked together
to develop recommendations all of its members
could accept. As additional interest groups were
discovered, they were admitted as members or
otherwise provided opportunity for input. Group
members attempted to keep their constituents
informed throughout the process.

By April 1992, the group had identified 23 issues
and had agreed upon 60 solutions. Some 16 solutions
that had been discussed during the 13-month process
were dropped by group consensus as unnecessary
or unworkable. The single issue of closure of the
lakes to brailing on weekends and holidays could
not be resolved. Changes in the mussel harvest
reporting system were recommended by this group,
and amendments to statutes, regulations, and
departmental procedures were implemented as a
result of this group's recommendations.

Toward the latter stages of the group problem-
solving process, several of the interest groups began
to push for consideration of diving as a legal harvest
method. The desire by sportfishing and tourism
interests to eliminate mussel brailing apparently
superseded other considerations. A decision was
deferred pending an evaluation of the effectiveness
of other solutions recommended and a report by
KDFWR on the feasibility of implementing a pilot
project to evaluate the pros and cons of diving.

The following observations were presented to
the Department at the completion of the advisory
group's primary mission:

The group was diverse. The perceptions were
deeply rooted and each point of view strongly
represented. However, by the end of the process,
most participants felt they had learned a great deal
about each other and had a better understanding
of more than their initial point of view... we
reached consensus (no winners, no losers, just
recommendations everyone can live with) on
many items that, at first, would have seemed
impossible to resolve. I must commend the
Department for not backing away from such a
complex issue... and for its decision to allow the
process to continue in the face of pressures to "get
this thing over with." The recommendations that
result... are more successfully implemented and
generally more widely accepted than those where
a single person, or department "mandates" a

change (Mrs. Robert Wittman, mussel brailer's
wife, spokesperson for the Mussel Advisory
Group, comments to Kentucky Department of Fish
and Wildlife Resources Commission, June 1992).

The Mussel Advisory Group will reconvene on
22 October 1992, to review the progress in the
implementation of their recommendations and to
identify what is working and what is not. Mussel
prices have stabilized to 1989-1990 levels, and license
sales are less than 500, or approximately 40% fewer
than 1991 sales. Illegal harvesting continues.

The proliferation of the mussel fishery in
Kentucky has been a learning experience for the
Department. The biological, economic, social, and
political considerations associated with both the
commercial and recreational fisheries in western

Kentucky were simultaneously activated by the
demand for mussels. The viewpoints of the various
interest groups were often completely opposed. The
Department did some active soul-searching of our
management philosophies for strategies concerning
multiple use of resources. For the first time, the
Department involved the public in some of the
decision-making process. Many unanswered ques
tions remain, and most solutions will be influenced

by changes in the demand for mussels, the availabil
ity of high-quality shells, and, most importantly, the
prices offered to harvesters. The Department plans
to continue to regulate the mussel fishery by size
limits, limitation on gear, areas open to musseling,
time of day, and a reduced number of mussel
licenses issued. Strategies to monitor commercially
valuable mussels and other mussels, including
endangered or threatened species, have not been
f o r m u l a t e d .
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Tennessee's Commercial Musseling Regulations

R o b e r t M . To d d
Tennessee Wildlife Resources Agency, Nashville

Abstract. The mussel fauna in Tennessee is one of the most diverse in the Northern Hemisphere.
As a result, a large mussel industry has developed in the state to take advantage of this renewable
resource. This industry employs approximately 2,000 people and provides an estimated $40
million to the state's economy. To protect the mussel fauna from overharvest and minimize
industry impacts on rare and endangered species, regulations were developed to provide harvest
information, legalize only abundant species for harvest, establish sanctuaries and management
areas, and define legal methods of harvest. A goal of the Tennessee Wildlife Resources Agency,
as stated in its strategic plan, is a commercial mussel harvest of4,700 tons annually. Tennessee has
met and exceeded this goal. The Tennessee Wildlife Resources Agency believes that through
proper management, the mussel industry and an abundant mussel resource can coexist.

I n t r o d u c t i o n

Tennessee's mussel fauna is one of the most diverse in
North America (Stames and Bogan 1988). Over 72
species have been collected in recent surveys, includ
ing 23 currently listed as endangered in Tennessee.
Kentucky Reservoir has the most abundant mussel
population of any body of water in the state. Relatively
few species have been commercially harvested for various
purposes such as button material, pearl culture nucleation
material, or jewelry material.

Prior to World War II, most mussels were har
vested for the button industry. Large, thick-shelled
species provided an excellent material from which
beautiful mother-of-pearl buttons could be cut. After
World War II and the advent of plastics, the commer
cial musseling industry began harvesting mussels
mainly for pearl culture purposes (Williams and
Schuster 1989). Recently, mussels with nacre of
unusual color have been col lected for use in the

jewelry industry.
Because Tennessee i s endowed w i th an abundan t

mussel resource, a large commercial musseling
industry has developed in the state. In 1990, this
industry grew to employ 2,355 commercial musselers
and many other people to process the shells. Almost all
of the mussels harvested in Tennessee are processed
and exported to other countries, mainly Japan, which
use these shells to manufacture implants for pearl
culture. A pearl culture industry has also developed in
the state as a result of this natural resource. Tennessee

produces more cultured pearls than any other state in
the nation (Sikich et al. 1989).

As a result of this expanding industry, resource
management efforts have increased to better protect
the mussel resource from excessive harvest. In October
1990, the Tennessee Wildlife Resources Commission
passed more restrictive regulations concerning the
commercial mussel industry. These regulations were
in response to concerns expressed by many members
of the industry and information gathered by the
Tennessee Wildlife Resources Agency. Commercial
musselers were reporting mussel die-offs from 1983 to
1989. Many wholesale mussel buyers were expressing
concerns for protecting the resource from depletion of
marketable mussel stocks. To address these concerns,
the Tennessee Wildlife Resources Agency decided to
increase efforts to better manage the state's mussel
resource. Surveys were designed to describe the
species composition of the harvest, identify the
locations of mussel beds, and sample mussel popula
tions. Also, the economics of the industry and compli
ance of the mussel industry members to regulations
were investigated.

Prior to 1990, all species other than endangered or
threatened species of mussels were legal for harvest.
Waters of the state that were open to commercial
fishing were open to commercial musseling, except for
areas designated as mussel sanctuaries. Mussel
sanctuaries were established to protect mussel popula
tions from harvest and prevent habitat degradation in
order to provide a refuge from which mussel stocks
could repopulate harvestable waters. Subsequent
mussel surveys have indicated that some of these
areas have concentratioi"is of rare mussel species.

Conservation and Management of Freshwater Mussels: Proceedings of a UMRCC Symposium
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M e t h o d s

Commercial musseling license sales were monitored
to determine the extent of the increase in commercial
musseling pressure upon the resource. License sales
were examined from 1973, when an annual license
to harvest mussels was implemented, to 1990.

In 1990, a survey of commercial musselers was
instituted to determine the species composition of
the harvest. Musselers were interviewed while they
were taking breaks between dives or brail tows.
Mussels were identified and sorted to species,
counted, and weighed. During the survey of the
harvest, 15,787 mussels with a total weight of 10,198
pounds were examined. Representatives of each
species were measured, weighed, and aged by
external examination. This survey provided much-
needed information about which species were
commercially harvested, the number and weight of
each species harvested, age at recruitment into the
mussel fishery, and locations of mussel concentra
tions. Also, mussels harvested were "ringed," or
measured by means similar to those employed by
the industry, to determine the percentage of har
vested mussels that were smaller than regulations
allowed. Since regulations increasing the minimum
harvestable size of mussels were being proposed
and supported by the industry, the mussels har
vested by the musselers were also "ringed" by the
sizes proposed by the industry.

Wholesale mussel dealers were surveyed to
d e t e r m i n e t h e a m o u n t o f t h e a n n u a l h a r v e s t a n d t h e
e c o n o m i c v a l u e o f t h e r e s o u r c e . T h e d e a l e r s w e r e
asked to provide this information by categories used
by the industry. These surveys were conducted from
1987 through 1990. Historical data on harvest levels
o f m u s s e l s w e r e o b t a i n e d f r o m v a r i o u s s o u r c e s f o r

comparative purposes and are illustrated in Table 1
(Isom 1969; Sample 1981; Conder 1988,1989,1990;
Hargis 1968).

Population surveys were conducted in 1989 and
1990 by personnel of the Tennessee Wildlife Re
sources Agency to determine the composition of
mussel "beds" by species. Mussels collected during
these surveys were identified to species and mea
sured by "ringing" to determine if they were legal
for harvest. Small specimens of each species were
measured, weighed, and aged to provide data not
gathered by the survey of musselers since these
shells were too small for legal harvest.

R e s u l t s

Annual commercial musseling license sales gradu
ally increased in Tennessee from 1973 to 1989.
License sales jumped 74% from 1989 to 1990 (Figure 1).

Table 1. Tennessee's commercial mussel harvest, value,
and number of license holders by year.*

H a r v e s t Va l u e Avg. price # of license
Y e a r (tons) ($) ($/ lb) h o l d e r s

1 9 4 4 7,105 298,410 0.02 N A * *
1 9 4 5 — — N A
1 9 4 6 7,798 296,324 0 . 0 2 N A
1 9 4 7 — N A

1 9 4 8 3,845 165,333 0 . 0 2 N A
1 9 4 9 1,775 62,125 0 . 0 2 N A

1 9 5 0 4,099 122,970 0 . 0 2 N A

1951 2,449 97,960 0 . 0 2 N A
1 9 5 2 2,732 122,940 0.02 N A
1 9 5 3 4,564 232,764 0 . 0 3 N A

1 9 5 4 4 ,977 209,034 0 . 0 2 N A

1955 3,950 173,800 0 . 0 2 N A

1956 2,798 166,088 0 . 0 3 N A

1 9 5 7 3,251 242,526 0 . 0 4 N A

1 9 5 8 2,472 148,320 0 . 0 3 N A

1 9 5 9 1,449 100,705 0 . 0 3 N A

1 9 6 0 3,652 439,108 0 . 0 6 N A

1 9 6 1 1,450 181,250 0 . 0 6 N A

1 9 6 2 1,536 216,576 0.07 N A

1 9 6 3 4,284 646,884 0 . 0 8 N A
1 9 6 4 1,701 236,439 0 . 0 7 N A
1 9 6 5 2,183 312,169 0 . 0 7 N A

1 9 6 6 2,619 552,609 0 . 11 N A

1 9 6 7 2,078 388,586 0 . 0 9 N A

1 9 6 8 2,074
■ —

N A

1 9 6 9 1,371 N A

1 9 7 0 1,174 — N A

1 9 7 1 1 5 4 N A

1 9 7 2 4 4 5 — N A

1973**** 740 188,170 0.13 1

1 9 7 4 — 1 6

1 9 7 5 — 6 2

1 9 7 6 — — 8 5
1 9 7 7 — 8 9

1 9 7 8 — 1 3 8

1 9 7 9 — 3 4 1

1 9 8 0 — — — 4 4 2

1 9 8 1 — 6 7 9

1 9 8 2 — — — 3 5 7
1 9 8 3 — — 6 6 3

1 9 8 4 — — — 8 7 7

1985 — 9 5 3

1 9 8 6 — — 1,211
1 9 8 7 2,356 4,169,800 0.88 1,054
1988 4,493 9,122,854 1 . 0 2 1,136
1989 3,730 6,533,875 0 . 8 8 1,351
1 9 9 0 4,760 8,808,581 0.93 2,355
1 9 9 1 — — 1,431

* Data for 1944-1967 are taken from Hargis (1968) and
Isom (1969). Data for 1987-1990 are for Kentucky
Reservoir only (Conder 1988,1989,1990).

** Not applicable.
*** Data not available.

**** First year license required.
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The increase in license sales was probably related to
recent increases in the average price per pound paid
for good quality mussel shells by wholesale mussel
dealers. Musseling was viewed by some people as a
very lucrative way to supplement their income. The
2,355 commercial musseling licenses sold in 1990
were more than had eve r been so ld i n Tennessee .

Surveys of mussel harvest from Kentucky
Reservoir as reported by wholesale mussel dealers
indicated a drastic increase from 2,356 tons in 1987
to 4,760 tons in 1990 (Figure 2). The value of the
mussel shells was estimated at $8.8 million (Table 1).

The species composition of the mussel harvest
was examined by numbers and weight through
interviews of mussel harvesters. Fusconaia ebena
constituted the greatest percentage of the harvest for
Kentucky Reservoir, 46% by number, with Amblema
plicata constituting 26%, Quadrula quadrula 13%, and
Fusconaia flava and Megalonaias nervosa 7% each
(Figure 3). The composition of the harvest for Ken
tucky Reservoir by weight differed drastically from the
number estimates for some species. Fusconaia ebena
made up 34% of the harvest by weight, Amblema plicata
26%, Megalonaias nervosa 21%, Quadrula quadrula 14%,
and Fusconaia flava 7% (Figure 4).

The species composition of the harvest for the
Cumberland River was very different from what
was observed for Kentucky Reservoir. Megalonaias
nervosa constituted 97.7%, and all other mussel
species together accounted for only 2.3% of the
harvest from the Cumberland River by number. The
composition by weight was similar to the composi
tion by number. Megalonaias nervosa constituted
98.9%, and all other mussel species combined made
up 1.1% of the harvest by weight.

The composition of the harvest in size classes
designated legal prior to October 1990, and in size
classes proposed by wholesale mussel dealers, was
investigated by examining the harvest of musselers

1 9 7 3 1 9 7 5 1 9 7 7 1 9 7 9 Y E A R 1 ® ® ® 1 ® ® '
1 9 7 4 1 9 7 6 1 9 7 8 1 9 8 0 1 9 8 4 1 9 8 6 1 9 8 8

Figure 1. Number of licenses sold for commercial
musseling by year.

working Kentucky Reservoir from 14 June to 9
August 1990. It was estimated that 64% by number
and 69% by weight of the harvest would still be of
legal size if the increased minimum size regulations
were implemented. It was estimated that a 22%
economic loss would occur if these increased size
limits were implemented, or a 10% loss if increased
size regulations did not include Megalonaias nervosa,
one of the heaviest mussels for its size and most
v a l u a b l e .

Age at recruitment into the fishery was deter
mined by external examination of mussels and
measuring the height of the valves in a manner that
would be applicable to measurements used in
"ringing" by the harvesters. Maximum, minimum,
and mean size for each age group were calculated by
SAS (Statistical Analysis System, Version 6 Edition)
regression analysis for mussel species constituting a
major portion of the harvest in 1990. A trend line of
best fit, illustrated growth trends for the selected
mussel species which were useful in evaluating
minimum size regulations.

One hundred thirteen specimens of Amblema
plicata were measured and aged to obtain growth
information. This information indicated that the old
minimum size limit of 2 Vz inches, which was in
effect until October 1990, was reached by this species
at age 5+ (Figure 5). The growth data showed that
Amblema plicata obtained the current minimum size
limit of 2 Vs inches at age 6+.

Growth information was collected from 166
Fusconaia ebena mussels. This information was
collected during population surveys and from
mussels harvested by commercial musselers. The
trend line produced was much steeper than for other
mussel species, probably due to the presence of
younger individuals in the population samples
(Figure 6). Under the old minimum size limit of 2 'A
inches, this species entered the mussel fishery at age

1 9 4 6 4 7 4 9 6 1 6 3 6 6 6 7 6 9 6 1 6 3 6 6 6 7 6 7 6 9
4 6 4 6 6 0 6 3 6 4 6 6 6 6 6 0 6 2 6 4 6 6 6 6 1 9 9 0

Y E A R

Figure 2. Weight of mussels harvested from Kentucky
Reservoir, 1945-1990.
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F u s c o n a i a e b e n a
4 6 . 4 %

M e g a l o n a i a s
n e r v o s a

6 . 6 %

Quadru la quadru la
1 3 . 2 %

F u s c o n a i a fl a v a
6 . 7 %

O t h e r s
1 . 5 %

Amblema p l i ca ta
2 5 . 7 %

F u s c o n a i a e b e n a

3 3 . 7 %

O t h e r s

1 . 3 %

Megalonaias
n e r v o s a

2 0 . 2 %

Quadrula quadrula
1 3 . 5 %

A m b l e m a p l i c a t a
2 5 . 5 %

F u s c o n a i a fl a v a
5 . 8 %

Figure 3. Commercial mussel harvest composition by
number from Kentucky Reservoir during 1990. "Others"
are Plcurobcma cordntum, Quadrula mctancvra, Quadrula
nodulata, Cyclouaias luberculala, and Elliptic crassidens.

8+. At the new minimum size limit of 2 Vs inches,
Fusconaia ebena enters the fishery at age 9+.

Only 72 specimens of Fusconaia flava were
measured for growth analysis. These specimens
were sampled from mussels harvested by commer
cial musselers. The data indicate that under the old
size limit of 2 Vi inches, this species entered the
mussel fishery at age 6+ (Figure 7). Under the
current size limit of 2 % inches, this species enters
the fishery at age 9.

One hundred three specimens of Megalonaias
nervosa were measured and aged to obtain growth
information. The data indicated that under the old
size limit of 3 Va inches, this species entered the
mussel fishery at age 10+ (Figure 8). A portion of the
Megalonaias nervosa population entered the mussel
fishery at age 7. Under the new size limit of 4 inches,
this species enters the fishery at 14+ years.

Growth information was obtained from 135
specimens of Quadrula quadrula. This species grew to
the old minimum size limit of 2 V2 inches by age 5+
(Figure 9). Under the current minimum size limit of
2 Ve inches, this species enters the fishery at age 7+ in
Te n n e s s e e .

D i s c u s s i o n

In view of the increase in harvest pressure, as
iiidicated by an increase in license sales, on the
state's mussel resource and the large harvests in
recent years, the Tennessee Wildlife Resources
Agency decided to propose more conservative
regulations for the commercial musseling industry.
One of the first regulations proposed was to limit
which species could be harvested commercially.
Based on harvest data, the 12 most abundant species

Figure 4. Commercial mussel harvest composition by
weight from Kentucky Reservoir during 1990. "Others"
are Pleurobenia cordatum, Quadrula metanevra, Quadrula
nodulata, Cyclonaias lubcrculata, and Elliptio crassidens.

in the commercial harvest were proposed for legal
status. One other species, Potamilis alatus, was added
to the list of legal species at the request of the pearl
culture industry.

In 1992, a color pamphlet titled "Commercial
Musseling In Tennessee" (McGregor and Gordon
1992) was printed and distributed to the commercial
musseling industry to aid in the identification of
legal species and to provide resource information.
This publication is intended to reduce the harvest of
rare species and other species not legal for harvest.

The Tennessee Wildlife Resources Commission
has passed minimum size limit regulations designed
to protect commercial species from harvest until
they reach maturity and have an opportunity to
spawn at least once (Tennessee Wildlife Resources
Commission 1990). It is thought that most mussel
species do not reach sexual maturity until age 5.
However, some species do not reach sexual maturity
until much later in life, such as Megalonaias nervosa,
which is thought to mature at age 8 (Woody and
Holland-Bartels 1990). The preliminary growth data
obtained during the 1990 survey indicate that the
current size limits are providing the necessary
protection for most species, although the data
indicate that a small percentage of the Megalonaias
nervosa population is harvested prior to reaching
sexual maturity. Depending on information from
more intensive data collection efforts currently being
conducted, size limits may have to be re-evaluated
i n t h e f u t u r e .

Harvest estimates for the commercial musseling
industry prior to 1991 were obtained from several
sources. Most of these estimates were derived from
surveys of wholesale mussel dealers. Tennessee has
instituted a receipt system which requires the
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wholesale mussel dealer to issue a receipt to the
mussel harvester for each business transaction. The
information required to be completed by the whole
sale mussel dealer is as follows: license number of
the mussel harvester, name of the mussel harvester,
date of transaction, pounds of mussels bought by
size category, location from which the mussels were
harvested, license number of the wholesale mussel
dealer, and the name of the agent buying the mus
sels for the wholesale mussel dealer. The harvest
information obtained from the receipt system should
provide a more accurate estimate of the harvest.

Tennessee has a year-round season for the harvest
of mussels, but Kentucky Reservoir is closed to
commercial musseling on Saturday, Sunday, and
national holidays from 1 May to 15 September. The
Tennessee Wildlife Resources Commission passed this
season modification in an attempt to reduce conflicts
between user groups on this popular and productive
body of water. One of the effects of this regulation was
to reduce the harvest due to the elimination of some of
the days mussels could be harvested. Also, individuals
who were musseling on a part-time basis had their
opportunities for harvest reduced. The reduction in
license sales from 1990 to 1991 may be attributed to a
great extent to part-time musselers quitting the
business due to these lost opportunities.

To pay for the increased costs associated with
the more intensive management program, the
Tennessee Wildlife Resources Agency (TWRA)
sought legislation to require the wholesale mussel
dealer to pay a fee of $0.0124 per pound on mussels
with meat in them and $0.0145 per pound on
mussels without meat in them to TWRA. These
revenues are earmarked for mussel management,
mussel research, and law enforcement efforts
associated with the mussel program. The proposed
legislation, both supported and opposed by repre
sentatives of the commercial musseling industry.

8 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7
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Figure 5. Size at age for Amblema plicata, Kentucky
R e s e r v o i r .

was passed in June 1991. Part of this legislation
included the formation of a Mussel Advisory Board,
composed of representatives of the commercial mussel
industry who are appointed by the governor and
whose responsibility is to advise TWRA and the
Commission on mussel management. It is hoped that
the Mussel Advisory Board will be a real asset to the
program by helping to target goals and improve
communication between TWRA and the industry.

Although the revenues derived from the mussel
export fee will not completely fund the management
and enforcement of the mussel program, it will help
pay the $225,000 cost of this program. Because of the
reduction in harvest associated with the new regula
tions, the mussel export fee generated only $36,005
for the first year it was instituted. TWRA anticipates
that revenues from this fee will increase in the future
as recruitment into the fishery continues.

TWRA has hired a new mussel biologist whose
responsibilities are focused on the commercial
musseling program and a technician to assist him in
data collection. Also, a new law enforcement officer
was employed to enforce the state's commercial
musseling regulations. The mussel biologist is
currently collecting quantitative and qualitative data
on mussel populations, harvest, growth, age at
sexual maturity, and habitat in the state's mussel
sanctuaries. The revenues derived from the mussel
export fee help fund these positions.

Summary
The Tennessee Wildlife Resources Agency has
intensified its management program in response to
the increased effort exerted upon the state's mussel
resource by the commercial musseling industry. In
response to the preliminary information gathered,
more restrictive regulations on mussel harvest have
been implemented by the Tennessee Wildlife
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Figure 6. Size at age for Fuscomia ebctw, Kentucky Reservoir.
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Resources Commission to protect the resource from
overharvest and to ensure that mussel stocks will be
of sufficient size to allow sustainable commercial
harvest. These regulations established mussel
sanctuaries, restricted the harvest to the most
abundant and marketable species, increased mini-

6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5
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Figure 7. Size at age for Fusconaia flava, Kentucky
Reservo i r.
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Figure 8. Size at age for Megalonaias nervosa, Kentucky
Rese rvo i r.
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Figure 9. Size at age for Quadrula qundruln, Kentucky
Reservo i r.

mum size limits, reduced the number of days during
w h i c h m u s s e l s c a n b e h a r v e s t e d f r o m t h e r e s e r v o i r
with the most pressure exerted upon it, and speci
fied areas in which mussel harvest is legal.

Increased data collection efforts have been

implemented to evaluate current regulations and
provide needed information to best manage the
state's mussel resource. These efforts are focused on,
but not limited to, population inventories, determi
nation of species composition of harvested mussels,
the collection of growth data, the gathering of
information on age at sexual maturity, and mussel
industry economic surveys.
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Quantitative Evaluation of Commercial Mussel Populations in the
Tennessee River Portion of Wheeler Reservoir, Alabama

Steven A. Ahlstedt and Thomas A. McDonough
Tennessee Valley Authority, Aquatic Biology Laboratory, Norris, Tennessee
Tennessee Valley Authority, Data Systems Department, Knoxville, Tennessee

Abstract A stratified random sampling design was used to obtain data on densities, age and
growth, and recruitment of commercial species in 75 miles of Wheeler Reservoir. A total of 293
quadrat samples were excavated by divers using a 0.25-m^ quadrat sampler. Sample contents were
sieved down to 6 mm to collect juvenile mussels. Twenty-four species were found; six were relicts.
For all strata sampled, the total number of mussels was estimated at 460 million, at an average
density of 2.33/ml Densities in line transects in four mussel beds identified by commercial
musselers averaged lA2/m\ Nineteen of 38 species reported in the literature were relict or not
collected and are uncommon or rare riverine species that have not adapted to impoundment. A
1960 study had estimated 39 million mussels (20.6 million pigtoes) representing 18 species in an
8-mile reach of Wheeler Reservoir. During the present study, for the same 8-mile reach, only five
species were found, totaling 14.3 million mussels. For the entire reservoir, Megalonaias nervosa
(estimated population of 87.7 million) is now the most valuable commercial species. Drought
conditions (1983-1988) may have affected reproduction and/or survival of thick-shelled species.
With the exception of Obliquaria reflexa and Quadrula pustulosa, only thin-shelled species were
represented in the 1-5 age-class.

I n t r o d u c t i o n

The Tennessee Valley Authority (TVA) conducts
periodic water resources issues analyses in local
drainage basins that constitute the larger Tennessee
River system. As part of this continuing series of
analyses, an initial assessment was made in 1989 of
the Wheeler Reservoir watershed region (Cox 1990).
The purpose of the study was to develop informa
tion and increased awareness by TVA, other federal
and state agencies, industries, lake-user associations,
citizens interest organizations, and the general
public of significant water resources problems
within Wheeler Reservoir. One issue of concern
identified in this assessment was reported declines
in densities of commercial mussel stocks, especially
in the area of Decatur, Alabama.

The primary objective of the present follow-up
study was to determine the status of commercial
mussel populations throughout Wheeler Reservoir.
To meet this objective, size and age-class composi
tion, standing crop estimates, and distributions were
determined for all mussel species in 1991. Davies et
al. (1992) conducted a roving mussel census funded
by the Alabama Universities/TVA Research Consor
tium to describe the economic importance of com
mercial mussels in Wheeler Reservoir.

Background
Beginning in 1936, the Tennessee River was im
pounded by TVA primarily for hydroelectric power,
flood control, and navigation. Construction of
Wheeler Dam, the first built by TVA, was started in
1933 and completed in 1936. Predictions made by
the U. S. Bureau of Fisheries, TVA, and commercial
musselers that impoundments would eliminate or
destroy mussel habitat resulted in a complete halt of
musseling on Wheeler Reservoir as soon as it filled
(Scruggs 1960, Isom 1969).

Nine years after the impoundment of Wheeler
Reservoir (1945), commercial musselers found large
beds of mussels during exploratory sampling in the
lake. Musseling resumed throughout the Tennessee
River, and shell harvest, primarily for the button
industry, increased from 3,700 tons in 1945 to 10,000
tons in 1947 (Isom 1969). Post-impoundment mussel
harvest on the lower Tennessee River gradually
moved upstream as productive mussel beds were
discovered in the newly created reservoirs. How
ever, with the development of the plastic button in
the late 1940s, the demand for shells for the button
industry was short-lived.

Beginning in the early 1950s, the Japanese
discovered that freshwater mussel shells from the

Conservation and Management of Freshwater Mussels: Proceedings of a UMRCC Symposium
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United States were ideal material for implantation in
oysters to form the nucleus for cultured pearls. The
mussel shells were cut into small blocks, which were
then tumbled and polished into smooth, round beads
for surgical implantation into the oysters. This devel
opment resulted in a sudden, rapid demand for shells
and was a tremendous economic boost for the declin
ing American musseling industry. The mainstream
reservoirs of the Tennessee River became the nation's
most important source of shell for shipment to Japan.
Between 1956 and 1957, most of the shells were
harvested from Kentucky, Wheeler, Guntersville, and
Chickamauga reservoirs (Scruggs 1960).

New collection techniques were also developed by
the commercial shell industry. Scuba-equipped divers
located and harvested dead ̂ ells not collected by
musselers dragging crowfoot brails. Divers discovered
that they could find more live than dead shells and
that diving was a more efficient method for harvesting
shell than brailing. To fully exploit the commercial
mussel resources, barges equipped with air compres
sors, cooking vats, and shakers (tumblers) for commer
cial diving and shell processing were moved on-site to
locations with dense mussel concentrations. Because
several divers were working on each barge, tons of
shell were harvested in a short period of time.

The annual shell harvest from the Tennessee
River exceeded 10,000 tons for a number of years
(Isom 1969). Tonnages started to decline in 1956,
despite increased effort and more efficient collecting
mefiiods. Concerns about the dwindling mussel
resource prompted industry representatives to
request the United States Fish and Wildlife Service
(USFWS) to begin an investigation of the status of
the resource and to recommend measures that
would favor improvements in mussel species
valuable to the industry. Although plastics had
replaced shell in the manufacturing of buttons, the
market demand for preferred shells used by the
Japanese for pearl culture was increasing. During
1956 and 1957, the USFWS studied mussel species
composition, size-classes, and percentages of catch
by individuals using crowfoot brail in Kentucky,
Wheeler, Guntersville, and Chickamauga reservoirs.
More intensive studies were made in Wheeler and
Chickamauga to determine mussel densities, rate of
exploitation by harvesting, and age and growth of
Pleurobema cordatum. Special emphasis was given to
studying P. cordatum in an 8-mile section of Wheeler
Reservoir because of the species' natural abundance
there, high-quality shell, and because, economically, it
was the most valuable commercial shell (Scruggs 1960).

From the records of mussel species reported in
the literature and from the 1991 study, 38 species are
documented from Wheeler Reservoir (Scruggs 1960,
Isom 1969, Bates 1975, TVA 1979). Significant

changes have occurred in the fauna since the 1956-
1957 post-impoundment study of commercial
mussel stocks (Scruggs 1960). Of the 38 species, 31
are considered by the authors to be riverine, that is,
species that evolved in the free-flowing reaches of
the Tennessee River prior to impoundment.

Commercial musseling has increased steadily
since the mid-1970s, especially in the southeastern
United States and in northern states bordering the
Upper Mississippi River. Coincidentally with this
increased effort, a number of studies have also
addressed commercial harvest and value, recruit
ment levels, distribution, age and growth, and the
effects of brailing on mussel stocks (Sickel and
Chandler 1982, Sickel 1989, Bates and Dermis 1985,
Heath et al. 1988, Teimessee Wildlife Resources
Agency 1990, Leroy Koch, Missouri Department of
Conservation, personal communication). In Ala
bama, mussel harvest licenses increased from 350 in
1989 to 2,356 in 1991 (Fred Harders, Alabama
Department of Conservation and Natural Resources,
personal communication). The large increase in
commercial musseling licenses sold in Alabama, and
in bordering Tennessee as well, was in direct
response to a price war between commercial buyers
for No. 1 grade washboards, Megalonaias nervosa; the
price peaked at $19.80/kg in September 1991
(Davies et al. 1992). The commercial export value of
shell shipped to Japan from the United States (10,000
metric tons annually) was estimated at $70 million
dollars in 1991 (Ron Kibort, Tennessee Shell Com
pany, personal communication). The value of shell
harvested annually from Alabama has been esti
mated at $22 million.

Study Area
Wheeler Reservoir is approximately 75 miles long and
is located on the Tennessee River between Guntersville
and Wheeler dams (Tennessee River Mile [TRM] 349.0-
274.9) (Figure 1). The river flows in a general north
westerly direction through northern Alabama and is
bordered by southern Appalachian ridges and lime
stone valleys. The reservoir has a local drainage
between the two dams of 5,140 square miles and
receives flows from seven major tributary streams. The
main channel varies from 20 to 50 ft in depth.

Since impoundment of Wheeler Reservoir, and
other reservoirs on the Tennessee River, the fresh
water mussel fauna can be divided into species that
inhabit the old river channel and those that have
colonized the overbanks (old flood plain) of the
river. In Wheeler Reservoir downstream from
Guntersville Dam, the original river channel is well
defined as far as Decatur (TRM 305), a distance of
approximately 44 river miles. At Decatur, the river
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slows and spreads out into extensive, shallow
overbanks with average depths of 2-5 ft near
Brown's Ferry Nuclear Plant (TRM 294). The old
river channel becomes completely undiscemible,
except for buoys which mark the navigation channel.

Two areas of Wheeler Reservoir are designated
state-protected mussel sanctuaries and are off-limits to
commercial musselers. The first sanctuary extends
from Guntersville Dam (TRM 349) downstream to the
mouth of Shoal Creek (TRM 347); the second extends
from the upstream end of Hobbs Island (TRM 337)
downstream to Whitesburg Bridge (TRM 333).

M a t e r i a l s a n d M e t h o d s
The survey design was stratified random sampling
with sampling effort approximately proportional to
strata area. This sampling design was used because
it is relatively easy to implement and provides
increased accuracy of population estimates.

The study area was divided into three major
areas (Figure 1): lower reservoir. Wheeler Dam
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Figure 1. Map of Wheeler Reservoir showing stratification
scheme used in 1991 mussel study.

(TRM 275) upstream to state route 72 bridge at
Decatur (TRM 305); middle reservoir, (TRM 305)
upstream to state route 231 bridge (TRM 333.2); and
upper reservoir, from TRM 333.2 upstream to
Guntersville Dam (TRM 349). The lower and middle
reservoir were further subdivided into old river
channel, overbank, and tributary embayments. The
upper reservoir could only be subdivided into old
river channel and embajnnents because no overbanks
were identified in this riverine section of reservoir.

Detailed, 7.5-minute topographic maps of
Wheeler Reservoir were marked to delineate sam
pling boundaries of tributary streams and
embayments. Using TVA's geographic information
system, the total area of each stratum was deter
mined (Table 1), and each stratum was subdivided
into 0.1-km^ cells. The cells were numbered, and
computer-generated random numbers were used to
select sample sites.

Samples were collected at each location by divers
equipped with surface-supplied air (hooka) and boat-
to-diver communications equipment. At each sample
location, a 0.25-m^ quadrat sampler was used to obtain
data on mussel densities (Ahlstedt 1992). The quadrat
sampler was placed on top of the substrate and
excavated by hand or with a small garden shovel. All
substrate material within the sampling frame was
removed to a depth of approximately 4-6 inches and
placed in 5-gallon buckets in accordance with methods
described by Miller and Payne (1990). The buckets
were attached to a cable and lifted into a boat by
electric winch for processing. Processing involved
dumping the contents of the container into a series of
three, stacked, rectangular box sieves where the
contents were screened, washed, and sorted by hand
using a battery-operated pump. Sieve sizes measured
1,0.5, and 0.25 inch. All material was washed on
screens to visually collect all size-classes of mussels.

Table 1. Area and number of samples collected for each
stratum for the Wheeler Reservoir mussel survey, 1991.

A r e a N u m b e r
S t r a t u m (ha) samples
Lower sect ion

Old channe l 3,707.5 5 0
O v e r b a n k 8,878.7 1 2 6

Embayment 2,508.8 3 9

Midd le sec t ion
Old channe l 2,170.2 3 3
O v e r b a n k 684.3 1 0

Embayment 766.7 1 5

Upper section
Old channel 904.0 1 4

Embayment 89.0 6

T o t a l 19,709.3 2 9 3
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especially juveniles, for evidence of reproduction. Live
mussels were identified to species and counted, cind
total shell lengths (anterior to posterior) were mea
sured to the nearest 0.1 mm using vernier calipers.
Specimens were aged by counting extemal growth
rests on the shell, which were then recorded on field
data sheets according to strata and river mile location
in the reservoir. Depth, substrate type, relict shells, and
the presence of the Asian clam, Corbicuk fluminea, were
also recorded on field data sheets. All live mussels found
were returned to the substrate after measuring and aging.

L ine t ransects and random searches were a lso
conducted by divers in mussel beds identified by
commercial musselers. A 50-m cable marked at 10-m
intervals was positioned on top of the substrate and
anchored by concrete blocks. Divers swam on each
side of the cable collecting all mussels within arms
reach of the cable. This approximated 1 m of habitat
being sampled per marked meter length on each side
of the cable. At the end of each 10-m section, mussels
collected were bagged and attached to the cable at the
10-m mark. All mussels collected were identified to
species, recorded on field data sheets, and immediately
returned to the subs t ra te .

R e s u l t s a n d D i s c u s s i o n

Two hundred ninety-three quadrat samples were
collected throughout the 75 miles of Wheeler
Reservoir. Mussels were also sampled along four
line transects and three random searches. Eighteen
species were collected alive and six species were
relicts (Table 2). The four most common species
found during quadrat sampling, in order of abun
dance, were EUiptio crassidens, Megalonaias nervosa,
Potamilus alatus, and Obliqiiaria reflexa (Table 3).
Three of the same species were also the most abun
dant in line transects and in qualitative samples of
known mussel beds; a large sample of Quadrula
pustulosa at TRM 276.9 resulted in it replacing O.
reflexa as the most common species in these samples.
Amblema pUcata was also abundant in line transects
(Table 4). Total mussel populations for 1991 are
estimated at 460.15 million mussels, at an average
density of 2.33/m^ Of the total, 57.67 million are
noncommercial species (Table 3).

Scruggs (1960) reported mussel densities for 18
species, 11 of which were of commercial value,
during his 1956-1957 study of an 8-mile reach (TRM
308-316) of Wheeler Reservoir. He estimated a
population of 38.96 million mussels, including 20.57
million Pleurobema cordatum and 3.44 million

Cyclonaias tuberculata (Figure 2). Both species were
also the most heavily harvested commercial mussels,
with P. cordatum constituting 80% of the total shell
harvest in 1956 and 1957. Neither of the two species

was found in the same river section during the 1991
study. Only five species were reported in the same
8-mile reach, and populations there are presently
estimated at 14.29 million mussels, with EUiptio
crassidens (7.15 million) the most abundant (Figure 2).

The four most common species estimated to be
present throughout the reservoir during 1991 were
E. crassidens (115.74 million), M. nervosa (87.66
million), P. alatus (56.15 million), and Obliquaria
reflexa (44.59 million) (Table 3). Davies et al. (1992)
reported that M. nervosa, P. cordatum, and Ellipsaria
lineolata constituted 45%, 25%, and 10%, respec
tively, of the commercial mussel harvest from
W h e e l e r R e s e r v o i r .

Stratified Sampling
Thirteen species were reported from the old river
channel, 10 from the overbanks, and six from the
embayments. The overbanks in the lower reservoir
from Wheeler Dam (TRM 275) upstream to Decatur
(TRM 305) were second in number of mussel species
(10) but first in the estimated number of mussels
(157.85 million). Megalonaias nervosa was the most
abundant with 45.10 million, followed by O. reflexa
(25.75 million) and P. alatus (19.73 million) (Table 3).
The majority of commercial musselers were observed
diving in the lower reservoir overbanks during the
1991 study. Shell bars (15-20 ft long) were observed for
the first time being used extensively in the overbanks
by divers to locate shell. Divers were able to locate and
harvest shell effectively by pushing or pulling the bars
through soft mud. The lower reservoir overbanks were
also identified during the roving mussel census as the
most heavily searched area for M. nervosa (Davies et al.
1992).

In the vicinity of Decatur in the lower reservoir
strata on the south bank, mussels were practically
nonexistent, except along the navigation channel.
Embayments downstream from Decatur produced
no live mussels, and substrate washed during
quadrat sampling produced an oil or petroleum
smell. Decatur is located in a heavily industrialized
section of Wheeler Reservoir. Commercial musselers
refer to this area as the "dead zone," which also,
according to them, extends upstream from Decatur a
short distance into the middle reservoir.

Bioassay tests conducted in 1983 by U. S.
Environmental Protection Agency, detected acute
toxicity in effluent from the Amoco and Monsanto
facilities at Decatur (Peltier 1983); however, there
was no indication that these discharges were exert
ing significant toxicity throughout Wheeler Reser
voir. Bioassay tests conducted by TVA on reservoir
sediment porewater, near several wastewater
outfalls at Decatur, were screened for acute (9-day)
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toxicity to 8-day old Anodonta imbecillis (Wade
1990). Toxicity was observed at two of the sites (Dry
Branch embayment TRM 303.4L and south end of
canal TRM 301.1L). Un-ionized ammonia concentra
tions in sediment porewater appeared to have been
sufficiently high to cause mussel mortality. Further
studies wUl be conducted to evaluate the role of
ammonia and other sediment contaminants with

respect to mussel impacts.

No mussels were found in the overbanks of the
middle reservoir between Decatur (TRM 305) and
the state route 231 bridge (TRM 333.2), a short reach
of about 5 river miles upstream from Decatur. The
annual drawdown of Wheeler Reservoir during the
winter for flood control exposes the overbanks to
drying, and the reservoir is also periodically drawn
down for weed and mosquito control, which may
explain the absence of mussels in this reach.

Table 2. Freshwater mussel species reported from Wheeler Reservoir.

S c r u g g s I s o m
( 1 9 6 0 ) ( 1 9 6 9 )

A c t i n o n a i a s l i g a m e n t i n a ^ - ^ - X
A m h l e m a p l i c a t a } X X
Anodonta grandis
Anodonta imbecillis
Anodonta suborbiculata
Cumberlandia monodonta^'^

C y p r o g e n i a s t e g a r i a } ' ^ ^ - X
C y c l o n a i a s t u b e r c u l a t a ^ X X
E l l i p s a r i a l i n e o l a t a ^ X X
E l l i p t i o c r a s s i d e n s ^ X X
E l l i p t i o d i l a t a t a ^ ' ^ X X
F u s c o n a i a e b e n a ^ - X
L a m p s i l i s a b r u p t a ^ - ^ ^ - X
L a m p s i l i s o v a t a ^ ' ^ - X
Lampsilis teres '̂̂
Lasmigona complanata
Leptodea fragilis
Ligumia recta '̂̂
M e g a l o n a i a s n e r v o s a ^ X X
O b l i q u a r i a r e fl e x a ^ X X
O b o v a r i a o l i v a r i a ^ - ^ X
Obovaria retusa^-^-^
Plethobasus cooperianus^'^^ X
P l e t h o b a s u s c y p h y u s ^ - ^ X
Pleurobema coccineum^-^
P l e u r o b e m a c o r d a t u m ^ - ^ X X
Pleurobema oviforme -̂̂
Pleurobema pyramidatum '̂̂
P o t a m i l u s a l a t u s ^ X X
Potamilus ohiensis

P tychobranchus fasc io la r i s^ ' ^ X
Q u a d r u l a f r a g o s a ^ - ^ ^ X
Q u a d r u l a m e t a n e v r a ^ X X
Q u a d r u l a p u s t u l o s a ^ X X
Q u a d r u l a q u a d r u l a ^ - X
Toxolasma lividus^-^
Toxolasma parvus
T r i t o g o n i a v e r r u c o s a ^ X X
T r u n c i l l a d o n a c i f o r m i s X

To t a l n u m b e r o f s p e c i e s 1 8 1 8
' Riverine species.
^ Nonreproducing riverine species in Wheeler Reservoir.
' Federally endangered.

X Live.
R Relict.
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Table 3. Numbers of freshwater mussels (±95% confidence interval) by species for each stratum. Wheeler Reservoir, 1991.
Data for the middle overbank and upper embayment strata are not presented since no mussels were collected. Numbers
are in millions of mussels.

L o w e r r e s e r v o i r M i d d l e U p p e r
Species Old channel Overbank Embayment Old channel Embayment Oldcharmel Total
C o m m e r c i a l

Amblema plicata 0.00 8 . 4 6 1 1 2 . 5 6 0 .00 0.00 0 .00 5 .1717 .02 13.62114.38

Cyclonaias tuberculata 2.97±5.93 0 .00 0 .00 0 . 0 0 0 .00 0 .00 2.9715.93

Ellipsaria lineolata 0.00 0 . 0 0 0 .00 0.00 0 . 0 0 5 .1717 .02 5.1717.02

Elliptio crassidens 5.93±8 .32 5 .64111 .30 0 . 0 0 47.35135.51 0 . 0 0 56 .82147 .17 115.74160.69

Megalonaias nervosa 29.66±22 .42 4 5 . 1 0 1 2 8 . 8 2 2.5715.14 0.00 0 . 0 0 1 0 . 3 3 1 1 1 . 8 2 87.66138.72

Obliquaria reflexa 5 . 9 3 111 . 8 6 25.37121.46 0 . 0 0 2 . 6 3 1 5 . 2 3 0 . 0 0 1 0 . 3 3 1 1 5 . 9 5 44.26129.72

Pleurobema cordatum 0.00 0 . 0 0 0 .00 0.00 0 .00 10 .3319 .07 10.3319.07

Potamilus alatus 2 . 9 7 1 5 . 9 3 19.73114.58 0 .00 10.52116.48 0 . 0 0 23.24120.91 56.46130.93

Quadrula pustulosa 0 . 0 0 1 4 . 1 0 1 1 2 . 3 6 2.5715.14 2.6315.23 0 . 0 0 15.50112.49 34.80119.04

Quadrula quadrula 0.00 8.4619.62 0 .00 0 . 0 0 4 .0915 .57 0 . 0 0 12 .55111 .12

Tritogonia verrucosa 2.9715 .93 5.6417.91 2.5715.14 0 .00 0 .00 7.7518.23 18.93113.85

Commerc ia l to ta l 50 .42130 .09 132.48152.93 7 .72111 .39 63.13138.73 4 . 0 9 1 5 . 5 7 144 .64158 .23 402.48193.59

N o n c o m m e r c i a l
Anodonta grandis 0 . 0 0 8 . 4 6 1 9 . 6 2 5.1517.19 0 . 0 0 0 . 0 0 0 . 0 0 1 3 . 6 0 1 1 2 . 0 1

Anodonta suborbiculata 0 . 0 0 0 . 0 0 2 . 5 7 1 5 . 1 4 0 . 0 0 0 . 0 0 0 . 0 0 2.5715.14

Lasmigona complanata 0 . 0 0 0 . 0 0 0 . 0 0 2.6315.23 0 .00 0 .00 2 .6315 .23

Leptodea fragilis 8.90113.14 16 .91115 .74 0.00 7 . 9 0 1 8 . 8 1 0 . 0 0 2 .5815 .16 36.28122.91

Truncilla donaciformis 0.00 0 .00 0.00 0 . 0 0 0 . 0 0 2 .5815 .16 2.5815.16

N o n c o m m e r c i a l t o t a l 8 .90113.16 2 5 . 3 7 1 1 8 . 2 1 7 . 7 2 1 8 . 6 8 10.52110.02 0 .00 5 .1717 .02 57.67127.01

C o m b i n e d t o t a l 59.32131.71 157.85159.12 15.44115.71 73.66137.87 4.0915.57 149 .80159 .62 460 .15198 .83

Table 4. Number of freshwater mussels collected in line transects (TR) and random search (RS) samples from Wheeler
Reservoir, 1991.

Tennessee River mile (method)
276.9 (TR) 287.4(TR) 292.7 (TR) 3132 (RS) 313.9 (RS) 346 (RS) 3472 QTR) Total

Amblema plicata
Anodonla grandis
Anodonla suborbiculata

Cyclonaias tuberculata
Ellipsaria lineolata
Elliptio crassidens
Lampsilis abrupta **
Lampsilis teres
Megalonaias nervosa
Obliquaria reflexa
Pleurobema cordatum
Potaniilus alatus
Quadrula metanevra
Quadrula puslulosa
Quadrula quadrula
Tritogonia verrucosa
Total number of samples
Total number of mussels
Total number per m^
Total number of species
♦ Mussel sanctuary.

** Endangered.
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The upper reservoir old river channel upstream
from the state route 231 bridge (TRM 333.2) to
Guntersville Dam (TRM 349) had the highest species
diversity (11) and was the second-most productive
area for mussels in the reservoir, with commercial
populations estimated near 150 million (Table 3).
ElUptio crassidens was the most abundant species
(56.82 million), followed by P. alatus (23.24 million)
and Q. pustulosa (15.46 million). This area was also
identified during the 1991 study and during the
roving mussel census as a high-use area, for commer
cial musseling, especially brailers.

O l d r i v e r c h a n n e l s e c t i o n s i n t h e l o w e r a n d
middle reservoir had considerably fewer species and
total numbers of mussels than the upper reservoir
river channel. Seven mussel species were found in
the lower river channel, six species in the middle,
and 11 species in the upper river channel. The most
abundant mussel in the lower river channel was M.
nervosa, and the most common species in the middle
and upper river channel was E. crassidens (Table 3).

Tributary embayments in the lower reservoir
were home to five species, with a population esti
mate of over 15 million mussels; the most common
was Anodonta grandis. Only one species, Quadrula
qnadrula, was found in the middle reservoir
embayments, and populations were estimated at just
over 4 million. No mussels were found in the upper
reservoir embayments (Table 3).

L ine Transec ts and Random Search

Sixteen mussel species (610 specimens) were col
lected during four line transects and three qualita
tive random searches in mussel beds identified by
commercial musselers (Table 4). One of the six sites
(TRM 347.2) is a state-protected mussel sanctuary. A
total of 462 mussels were collected during line
transects for an average of 1.42/m^. The most
abundant species were £. crassidens, Q. pustulosa,
and M. nervosa. The most productive sample from a
commercial bed was in First Creek embayment
(TRM 276.9), with densities averaging 1.31/m .̂ Line
transects were also taken in the state-protected
mussel sanctuary for comparisons between densities
there and in nearby commercial beds. Mussel densities
were the highest (3.24/m^) in the sanctuary (Table 4).
In contrast, quadrat sampling in tlie upper reservoir
river channel produced considerably higher mean
numbers of mussels (16.57/m^) than did line transects
(Table 5). The differences in densities are probably the
result of sampling techniques. Typically, only larger
adult mussels are found during line transects because
small individuals are buried in the substrate or
overlooked because of smaller size or water clarity.
Quadrat excavations produced specimens of all sizes.

Figure 2. Comparison of estimated numbers of freshwater mussels, by species, between Scrugg's (1960) Study and 1991
results for the same 8-mile reach of Wheeler Reservoir (TQM 308-316).
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Age and Year-Qass Composition
All mussel species collected during quadrat sampling
were separated into seven age-classes and the years
when they were reproduced: 1-5 (1986-1990), 6-10
(1981-1985), 11-15 (1976-1980), 16-20 (1971-1975), 21-
25 (1966-1970), 26-30 (1961-1965), and 31-35 years
(1956-1960) (Figure 3). The 11-15 age-class had the
most specimens (40), followed by the 6-10 age-class
(39). As might be expected, the 31-35 age-class had the
lowest total, five. Of the seven species found in the 1-5
age-class, three (P. alatus, O. reflexa, and Q. pustulosa)
have commercial value. The remaining four species {A.
grandis, A. suborbiculata, Leptodea fragilis, and Truncilla
donaciformis) have no commercial value because of
their thin shell.

Severe drought conditions from 1983 to 1988
resulted in reduced flows and poor water quality
throughout the Tennessee Valley and may have
affected the reproductive life cycle and/or survival of
thick-shelled species. The total number of mussels
found during quadrat sampling in 1991 was extremely
low, and age-class data suggest that reproduction of
thick-shelled species was higher in the 6-10 and 11-15
age-classes before the drought. For the 1-5 age-class,
reservoir conditions may have been more conducive
for reproduction and survival in the thin-shelled
species, more commonly associated with lentic

conditions and habitats, than for thick-shelled riverine
species. With the exceptions of A. grandis and L
complanata, all species listed in age-classes 6-10 and 11-
15 are riverine species that have reproduced since
Wheeler Reservoir was impounded. These same
species, including A. grandis and L complanata, occur
abimdantly in other TVA mainstream reservoirs (Isom
1969, TVA 1979, Sickel and Chandler 1982, Bates and
Dennis 1985, TWRA1990).

Pleurobema cordatum, the Ohio pigtoe, was present
only in the 21-25 and 31-35 age-classes, and reproduc
tion is either extremely limited or has ceased in
Wheeler Reservoir. This species is strictly a riverine
mussel that apparently has not adapted to impound
ment conditions in Wheeler Reservoir, or possibly, any
reservoir in the Tennessee River system. Historically,
P. cordatum was the most abundant and commercially
valuable shell in Wheeler Reservoir during the mid
1950s (Scruggs 1960). Currently, it occurs only in the
riverine portion of Guntersville Dam tailwater where
the substrate is rocky and clean-swept of silt. Scruggs
reported that overharvesting, low rate of natural
recruitment, nonavailability of a host fish, and exten
sive silt deposits accumulated since the reservoir was
impounded created, or contributed to, conditions
unfavorable for the survival of the species.

Natural recruitment was less than 1% for pigtoes
during Scruggs' study, and most specimens were 15

Table 5. Densities of freshwater mussels per square meter (±95% confidence interval) by species for each stratum.
Wheeler Reservoir, 1991. Data for the middle overbank and upper embayment strata are not presented since no mussels
were collected. Data entries in number per square meter.

L o w e r r e s e r v o i r M i d d l e U p p e r
Old channel Overbank Embayment Old channel Embayment Old channel Total

C o m m e r c i a l
Amblcma plicata
Cyclonaias tuberculata
Ellipsaria lineolata
Elliptic crassideits
Megalonaias nervosa
Obliquaria reflexa
Pleurobema cordatum
Potamilus alatus

Quadrula pustulosa
Quadrula quadrula
Tritogonia verrucosa

Commerc i a l t o t a l

N o n c o m m e r c i a l
Anodonta grandis
Anodonta suborbiculata

Lasmigona complanata
Leptodea fragilis
Truncilla donaciformis

Noncommerc ia l t o ta l

Comb ined to ta l

0 . 0 0 0 . 1 0 1 0 . 1 4 0 . 0 0 0 . 0 0 0 . 0 0 0.5710.78 0.0710.07
0 . 0 8 1 0 . 1 6 0 . 0 0 0 . 0 0 0 . 0 0 0.00 0.00 0.0210.03

0 . 0 0 0.00 0.00 0.00 0 . 0 0 0.5710.78 0.0310.04

0 . 1 6 1 0 . 2 2 0 . 0 6 1 0 . 1 3 0 . 0 0 2.1811.64 0.00 6 . 2 9 1 5 . 2 2 0.5910.31
0.8010.60 0.5110.32 0.1010.21 0 . 0 0 0 . 0 0 1.1411.31 0.4510.20

0.1610.32 0.2910.24 0.00 0.1210.24 0 . 0 0 1 . 1 4 1 1 . 7 6 0.2310.15

0.00 0 . 0 0 0 . 0 0 0.00 0.00 1.1411.00 0.0510.05

0.0810.16 0.2210.16 0.00 0.4810.76 0 . 0 0 2 . 5 7 1 2 . 3 1 0.2810.16

0.00 0 . 1 6 1 0 . 1 4 0.1010.21 0.1210.24 0.00 1 .7111.38 0.1810.10
0 . 0 0 0.1010.11 0.00 0.00 0.5310.73 0 . 0 0 0.0710.06

0.0810.16 0.0610.09 0 . 1 0 1 0 . 2 1 0 . 0 0 0 . 0 0 0.8610.91 0.0910.07

1.3610.81 1.4910.60 0 . 3 1 1 0 . 4 5 2 . 9 111 . 7 8 0.5310.73 16.0016.44 2.0410.47

0 . 0 0 0 . 1 0 1 0 . 11 0 . 2 1 1 0 . 2 9 0 . 0 0 0 . 0 0 0 . 0 0 0.0710.06

0 . 0 0 0 . 0 0 0 . 1 0 1 0 . 2 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 11 0 . 0 3

0 . 0 0 0 . 0 0 0 . 0 0 0.1210.24 0 . 0 0 0 . 0 0 0.0110.03

0.2410.35 0.1910.18 0 . 0 0 0.3610.41 0 . 0 0 0 . 2 9 1 0 . 5 7 0 . 1 8 1 0 . 1 2

0 . 0 0 0 . 0 0 0.00 0.00 0 . 0 0 0.2910.57 0.0110.03

0.2410.35 0 . 2 9 1 0 . 2 1 0.3110.35 0.4810.46 0 . 0 0 0.5710.78 0.2910.14

1.6010.86 1.7810.67 0.6210.63 3.3911.74 0 .5310.73 16.5716.60 2.3310.50
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years old, with many appearing to be 25 years old or
older. Both Scruggs and Isom indicated that pigtoes
would likely become extirpated as older specimens
die off. Davies et al. (1992) reported that, assuming a
constant rate of harvesting pressure and ignoring
natural mortality and recruitment, the 1991 esti
mated population of P. cordatum would be depleted
by 90% in 24 years. At present, these same condi
tions apply not ordy to P. cordatum but also to 18
additional riverine species reported from Wheeler
Reservoir (Table 2). All 19 species are presently rare
or uncommon in Wheeler Reservoir and have been
observed as old, eroded individuals in other Tennessee
River impoundments (Ahlstedt 1991, Jenkinson 1992).

Size-class Composition
Lengths of freshwater mussels measured in 10-mm
increments are presented in Table 6. The minimum
legal-size established for Alabama commercial shell
harvest is 3.75 inches (95 mm) for M. nervosa and
P. alatus. For other commercial species, such as P.
cordatum, A. plicata, and E. crassidens, the legal-size is
2.25 inches (57 mm). The most numerous species
was Elliptio crassidens, with 44 specimens and size
ranges of 40-120 mm; however, only one specimen
measured 40 mm and no others were below 80 mm.
The second most common species was M. nervosa (31
specimens); only two specimens were below 80 mm.
Based on this size-class information, M. nervosa is
well-represented in the legal harvest group above 95
mm, but smaller size-classes are mostly absent.

Potamilus alatus was fairly common (21 specimens)
in harvestable sizes, with five specimens measured
b e l o w 9 0 m m .

Of other commercial species that can be har
vested at 57 mm, only one specimen of C. tuberculata
at 80 mm and two specimens of E. lineolata at 90 mm
were collected. Neither species had any recruitment
in the smaller size-classes. Recruitment was poor for
Amblema plicata, with only one specimen in the 50-
mm size-class, and no small specimens of Tritogonia
verrucosa or P. cordatum (10-50 mm) were found.
However, both A. plicata and P. cordatum are better
represented in the larger size-classes for commercial
harvest at 60-100 mm, and T. verrucosa at 60-140
mm. Both O. reflexa and Q. pustulosa show good or
better recruitment in the 20-40 and 30-50 mm size-
classes, and Q. quadrula showed some recruitment at
50 mm. No measured specimens of O. reflexa had
attained legal size for harvesting, and those of
Q. pustulosa had barely reached harvestable size.
Specimens of O. reflexa were also not reported
during the commercial mussel census, probably
because of being undersized; however, Q. pustulosa
and Q. quadrula constituted 0.18 and 0.25% of
harvested shells, respectively (Davies et al. 1992).
The remaining five species measured {A, grandis,
A. suborbiculata, L complanata, Lfragilis, and T.
donaciformis) are not of commercial value because of
their thin shell, with the possible exception of L.
complanata, which has been used some in the artifi
cial culture of Tennessee River pearls.

Table 6. Lengths of freshwater mussel species from Wheeler Reservoir, 1991.

Length (mm)
Species 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 Totals
A m b l e m a p l i c a t a - 1 1 - 1 1 1 5
A n o d o n l a g r a n d i s * - - 1 1 - - - - 3 - 5
A n o d o n t a s u b o r b i c u l a t a * - 1 1
C y c l o n a i a s t u b e r c u l a t a - _ _ - i 1
E l l i p s a r i a l i n e o l a t a 2 2
E l l i p t i o c r a s s i d e n s - - - 1 - - - 3 3 1 5 1 9 3 - - - - 4 4
L a s m i g o n a c o m p l a n a t a * . . . - - 1
L e p t o d e a f r a g i l i s * 2 8 2 1 - - 1 3
M e g a l o n a i a s n e r v o s a - - - - 1 - - 1 1 8 7 6 2 2 2 1 3 1
O b l i q u a r i a r e fl e x a - 1 1 1 - - - - - 1 6
P l e u r o b e m a c o r d a t u m 1 - 1 1 1 - - - ' 4
P o t a m i l u s a l a t u s - - - 1 - 3 - - 1 2 5 2 2 2 3 - 2 1
Q u a d r u l a p u s t u l o s a - - 4 3 4 2 1 3
Q u a d r u l a q u a d r u l a - - - - 2 2 - 1 5
T r i t o g o n i a v e r r u c o s a 1 - 2 - . 2 - - 2 - - 7
T r u n c i l l a d o n a c i f o r m i s * 1 1

T o t a l s 3 1 1 1 4 1 3 8 1 0 0 1 0 9 2 8 3 3 1 2 4 6 8 1 1 7 03 3 1 2
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Summary
C o m m e r c i a l m u s s e l s t o c k s i n W h e e l e r R e s e r v o i r
have changed considerably since impoundment in
1936. Commercial species harvested historically
from the reservoir have been replaced by mussels
that were uncommon, or of no commercial value, in
the past. The present fauna consists of riverine and
thin-shelled invader species that have adapted to
lenthic conditions and soft-bottomed substrates that
now predominate the reservoir. Nineteen of 38
species reported in the literature are presently
uncommon or rare and may survive as old,
nonreproducing individuals.

Historically, the most valuable commercial
species in Wheeler Reservoir was Pleurobema
cordatum, which accounted for 80% of all mussels
harvested during 1956 and 1957. This species has
since been replaced by Megalonaias nervosa as the
most valuable commercial shell, constituting 45% of
a l l she l l s ha r ves ted .

Reservoir-wide populations were estimated at
460.15 million mussels, at an average density of
2.33/m^ Approximately 58 million were noncom
mercial species. Elliptio crassidens was the most
common mussel, with populations estimated at 116
million, followed by M. nervosa (88 million), P. alatus
(56 million), and O. reflexa (44 million). The
overbanks in the lower reservoir and the old channel
in the upper section were the most productive areas
sampled. Megalonaias nervosa (45 million) was the
most abundant species in the lower reservoir overbank,
and E. crassidens dominated the upper old channel.

Embayments sampled near Decatur had no live
mussels, and substrate washed during sampling
produced an oil or petroleum smell. Bioassay tests
identified im-ionized ammonia in sufficiently high
concentrations to kill 8-day-old A. imbecillis. Com
mercial musselers refer to tfiis area as the "dead zone."

The most productive area sampled during line
transects in commercial mussel beds was in First
Creek embayment. In comparison, mussel densities
were greater in the state-protected mussel sanctuary.
Quadrat excavations throughout the upper reservoir
old river channel produced considerably higher
mean densities of mussels than line transects.

Mussel recruitment was extremely limited in the
1-5 year age-class. Only three commercially valuable
species, P. alatus, O. reflexa, and Q. pustulosa, were
collected in this age-class, and they were collected in
relatively low numbers. Severe drought conditions
from 1983 to 1988 may have affected the reproduc
tive life cycle and survival of thick-shelled species.
Most thick-shelled species had apparently repro
duced before the onset of the drought.

Based on the results of a one-year mussel census
on Wheeler Reservoir, M. nervosa, P. cordatum, and E.
lineolata constituted 45%, 25%, and 10% of all shells
harvested. Measurement data for M. nervosa found
mostly larger size-classes for harvesting. No recruit
ment was reported for C. tuberculata, E. lineolata, P.
cordatum, and T. verrucosa. All four species reported
were of harvestable size. Recruitment was also poor
for A. plicata, E. crassidens, P. alatus, and Q. quadrula,
with most specimens of commercial legal size. Both
O. reflexa and Q. pustulosa showed some recruitment;
however, O. reflexa had not attained harvestable size.

Both age and size-class data show poor recruit
ment of commercial species, except O. reflexa and Q.
pustulosa. This may be the result of the small number
of individuals found during the 1991 study or may
be an indication that certain mussels had not recov
ered from the effects of drought. Another possible
explanation for poor recruitment is overharvesting.
Because commercial musseling is open year-round,
shells are being taken during spawning seasons, and
possibly, before they reach sexual maturity. This
may be having long-term effects on future recruit
ment of mussel stocks in the reservoir. Studies are
needed to determine proper management strategies
for controlling and regulating commercial species
and harvest. The mussel fauna in Wheeler Reservoir
will continue to change as older, nonreproducing,
riverine species die off and are replaced by commer
cial and noncommercial species that have invaded
and/or adapted to impoundment conditions.
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Unionid Mussels in Kansas: Overview of Conservation Efforts
and Harvest Regulations

William H. Busby and Gerald Horak
Kansas Biological Survey, Lawrence
Kansas Department of Wildlife and Parks, Emporia

Abstract. Kansas supports over 40 species of unionid mussels, with the diversity centered in the
southeastern portion of the state. The state's mussel fauna has experienced a long decline that
continues today. Stream dewatering, impoundments, siltation, pollution from agricultural and
mine run-off, and commercial harvest are believed to be major reasons for this decline. Commer
cial harvest, negligible in recent decades, increased in the late 1980s due to demands of the cultured
pearl industry. The 1991 harvest was estimated at 279 tons. In response to concerns of overharvest
and general decline, restrictive harvest regulations were adopted in 1990 and revised in 1992.
Harvest is now limited to four species with minimum size limits and is permitted only in certain
southeastern watersheds. Lists of state-threatened and state-endangered species also were revised
in 1992. Previously, only Anodonla suborbiculata was listed; currently 10 mussels are listed as
threatened or endangered. Special permits for threatened and endangered wildlife are issued
under a no net loss policy and will provide increased protection for freshwater mussels.

I n t r o d u c t i o n

Kansas is located on the western edge of the Missis
sippi Basin and has a freshwater mussel fauna of
over 40 species. Mussel diversity is highest in the
southeastern portion of the state, which receives 30-
40 inches of rainfall per year. The principal rivers in
southeastern Kansas are the Verdigris, Fall, Neosho,
and Spring (Arkansas Drainage Basin), and the
Marais des Cygnes (Missouri Basin). They are
characterized by high substrate diversity and unionid
faunas of 30 to 40 species.

As one proceeds west into progressively drier
portions of the state (20-30 inches of rainfall per
year), stream conditioris and the mussel fauna
change markedly. West of the Flint Hills, most
streams have a shifting sand bottom and experience
highly fluctuating water levels. Streams in central
and western Kansas generally support five or fewer
species, although some, such as the Qhdkaskia and Little
Arkansas rivers, formerly had 10-20 species of mussels.

The glaciated region in the northeastern part of
the state has lower substrate diversity than areas to
the south. The mainstem of the Kansas River cur
rently supports only about five species of mussels,
although some of its tributaries have higher diversity.

Early collectors (Call 1885 a-c, 1886,1887;
Popenoe 1885; Scammon 1906) provide us with a
glimpse of the unionid fauna shortly after the time
of Anglo-European settlement. These data have

proved invaluable in determining changes in mussel
populations over the past 100 years. Unfortunately,
documentation of collections from these studies was
at best limited to illustrations of selected species,
and many early records remain in question.

Based on these early records, freshwater mussels
have experienced substantial declines that began
over 100 years ago. Many factors have been impli
cated in the decline of unionid populations, but
actual documentation of causes is extremely limited.
Almost certainly, the first major historical changes
occurred with the introduction of intensive agricul
ture at the time of Anglo-European settlement.
Today, many of the streams with the healthiest
mussel faunas are in watersheds that retain large
tracts of native vegetation. Many of these streams
are located in or drain the Flint Hills, a large block of
tallgrass prairie used for livestock grazing.

Other factors contributing to the destruction or
deterioration of mussel habitat are impoundments,
stream channelization, and dewatering. Over the
past 40 years, some 20 major flood-control reservoirs
have been constructed, and small channel and
watershed dams are now common in most drain
ages. Dewatering has affected mussel populations in
portions of central and western Kansas where, due
principally to groundwater pumping for agriculture,
formerly perennial streams now experience no-flow

Conservation and Management of Freshwater Mussels: Proceedings of a UMRCC Symposium
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conditions. Numerous pollutants from agricultural
and urban sources—fertilizers, herbicides, animal
waste, and industrial toxins—affect water quality in
Kansas. Commercial harvest of mussels, originally
for the button industry and more recently for the
cultured pearl industry, is another stress on unionid
populations.

Evidence of the decline of unionids in Kansas is
based largely on range contraction by individual
species and qualitative data on species abundances
in various watersheds (e.g., Murray and Leonard
1963, Cope 1979, Schuster and Dubois 1979, Liechti
and Huggins 1977, Kansas Department of Health &
Environment unpublished data). Cope (1983)
conducted the first quantitive surveys of the tradi
tionally harvested streams in southeastern Kansas.
He documented an average mussel density of 6
unionids/m^ (range 2-11) at mussel beds with a
history of commercial harvest. Conversations Cope
had with shelters suggested that densities at some of
these sites were at least 10-fold higher in the 1960s.

Threatened and Endangered Species
Kansas law related to threatened and endangered
species dates back to 1975 when the state legislature
adopted the Nongame and Endangered Species
Conservation Act. This law gave the Kansas Depart

ment of Wildlife and Parks (KDWP) the authority to
recommend and enact conservation measures for
nongame species and to develop three lists: endan
gered, threatened, and species in need of conserva
tion. The first lists were approved in 1979 and
subsequently revised according to a five-year review
plan in 1986 and 1992. As of 1 July 1992,24 animal
species were listed as endangered, 33 were listed as
threatened, and 69 were listed as species in need of
conservation (KAR115-15-1 and 115-15-2). Table 1
shows the currently listed species of freshwater
mussels: 6 endangered species, 4 threatened species,
and 12 species in need of conservation. In addition,
the U.S. Fish and Wildlife Service has designated
four species as federal candidates (category C2) for
listing as threatened or endangered species. The
progressive increase in the number of mussels on
the state list between 1979 and 1992 reflects not so
much a change in the biological status of these
species, but rather the availability of more data and
a greater awareness of the plight of Kansas' mussel
f a u n a .

The ecological status of the 22 state-listed
mussels varies considerably. Many of the threatened
and endangered species have experienced severe
range contractions and now occur in scattered,
remnant populations, typically in the Spring,
Neosho, Fall, and/or Verdigris rivers. Many such

Table 1. Conservat ion s tatus
= candidate for federal listing

Scientific name
Alasmidonta marginata
Anodonta suborbiculata
Anodontoides ferussacianus
Arcidens confragosus
Cyprogenia aberli
EUipsaria lineolala
Elliptio dilalata
Epioblasma triquetra
Fuscotmia flava
Lampsilis raftnesqueana
Lampsilis siliquoidea
Lcimpsilis teres
Lasmigom costata
Megalonaias nervosa
Pleurobema coccineiim

Ptychobranchus occidentalis
Quadrula cylindrica
Qiiadrula nodulata
Strophitus undulalus
Truncilla donaciformis
Truncil la truncala
Venustaconcha pleasi

of Kansas mussels (E = endangered, T = threatened, C = species in need of conservation, C2
: as threatened or endangered).

S t a t e s t a t u s F e d e r a l
C o m m o n n a m e 1 9 7 9 1 9 8 6 1 9 9 2 s t a t u s
e l k t o e C E
fl a t fl o a t e r E E E
c y l i n d r i c a l p a p e r s h e l l C C
r o c k - p o c k e t b o o k T
w e s t e r n f a n s h e l l C E C 2
b u t t e r fl y C T
s p i k e C
s n u f f b o x C C C 2
W a b a s h p i g t o e C
N e o s h o m u c k e t C E C 2
f a t m u c k e t C
y e l l o w s a n d s h e l l C
fl u t e d - s h e l l C T
w a s h b o a r d C
r o u n d p i g t o e C
O u a c h i t a k i d n e y s h e l l C T C 2
r a b b i t s f o o t C E
w a r t y b a c k T C C
s q u a w f o o t C
f a w n s f o o t C
d e e r t o e C
b l e e d i n e t o o t h m u s s e l E
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"populations" are represented chiefly by older
individuals with little or no evidence of recruitment.
Mussels on the list of species in need of conservation
have invariably undergone substantial range
contractions, but reproducing, moderate-density
populations of many of these species still exist.

Kansas law requires that KDWP protect critical
habitat of endangered and threatened species. A
special action permit is required for any person or
organization sponsoring a development project that
involves public fimds or has permitting require
ments from another state or federal agency. The
action permit will assure no significant long-term
adverse impact on a species as a result of the project.
Provisions are made for requiring mitigating or
compensating measures to avoid unacceptable
losses of endangered or threatened animals and
their habitat.

For privately sponsored projects that do not use
public funds or have no other permit requirements,
only the animal is protected, not the habitat. All
streams in the state except the Kansas River, Mis
souri River, and Arkansas River are under private
ownership, and this limits public review and control
of activities affecting stream systems.

If a listed species is taken by lawful activities,
such as during commercial harvest, it is not illegal if
immediately released. Provisions are made for a
special permit to be issued by the KDWP for scien
tific purposes or to enhance the propagation or
survival of the affected species. In special cases a
permit can be issued to process, sell, or transport
these listed species.

C o m m e r c i a l H a r v e s t

About 1900, a sizeable industry developed in
southeastern Kansas to supply shells for buttons.
One factory in Tola was processing 30 tons of shells a
week in 1918 (Angelo 1992). The button industry in
Kansas persisted into the 1930s, by which time the
mussel beds were becoming depleted.

Records do not show evidence of major harvests
again in Kansas until the late 1960s, when there was
a peak in the number of commercial harvest permits
sold (Figure 1). In 1970, buyers estimated a harvest
of 300 tons. Because reliable estimates of harvest do
not exist until 1983, the level of mussel harvest prior
to this time is not known.

Periods of heavy harvest can only be extrapo
lated from the number of permits sold each year
(Figure 1). Periods of substantial harvest seem to
have occurred from 1967 to 1971, to a lesser extent in
the late 1970s, and again from 1989 to present.

Reported harvests in recent years were 45 tons

250 p
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Figure 1. Number of resident and nonresident permits
sold each year for the commercial harvest of freshwater
mussels in Kansas.
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Figure 2. Reported harvest of mussels from Kansas
streams and reservoirs in 1991.

in 1989 (estimated value $28,510), 115 tons in 1990,
and 279 tons in 1991. Drought conditions in 1991
made mussel beds unusually accessible to hand
collecting, which is the favored and only legal
harvest technique in Kansas. Harvest from streams
in 1991 was 253 tons, or 91% of the total, with the
remaining 25 tons, or 9%, taken from reservoirs
(Figure 2). In 1990, some 84% of the harvest was
reported to have been taken from streams, with the
remainder being taken from large reservoirs and
community lakes.

Shells from many Kansas streams are low in
quality. Due to poor fracture characteristics or, in
some drainages, dark stain layers in the nacre, many
shells have little or no commercial value.

The commercial harvest of mussels has been
regulated in Kansas for many decades. Up until the
1980s, regulations were designated by wildlife
agency staff and written on individual permits.
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a I m p o u n d m e n i s

Figure 3. Reported harvest of various mussel species in
Kansas in 1990.

Thus, regulatory conditions may have varied from
year to year and from permit to permit. Generally,
harvest was limited to traditional harvest streams
(Neosho, Fall, Verdigris and Elk rivers). Few other
restrictions were placed on the commercial harvest
of mussels until recent years. A chronology of
selected regulatory changes affecting mussel harvest
is presented below:

• In 1978, minimum size limits were imposed.
Shells were required to be at least 1 % inches in
the longest dimension.

• Beginning in 1983, harvesters were required to
report the weights of mussels harvested by
species.• In 1984, following recommendations by Cope
(1983), mussel refuges closed to all harvest were
established on three streams (Neosho River, 3.4
stream miles; Fall River, 9.9 stream miles;
Verdigris River, 6.7 stream miles).

• From 1982 to present, resident commercial
harvest permits ranged in price from $25 to
$100. Nonresident harvest permits during this
period ranged from $200 to $400. All license
proceeds go into the general revenue fund and
are not earmarked for mussel research or

management.
Prior to 1991, all mussels except those on the

endangered, threatened, and species in need of
conservation lists could be legally harvested, and
commercial harvesters collected at least 10 species
(Figure 3). In 1991, legal harvest was limited to the
four most commonly harvested species—threeridge
{Amblema plicata), monkeyface (Quadmla metanevra),
mapleleaf {Quadmla quadrula), and bleufer (Potamilus
purpuratus; also known as "blooper")—and the
Asian clam (Corbicula fluminea). This tightening of

Table 2. Names of mussels of commercial value in Kansas
(from Cope 1983). Common names are those used by
commercial harvesters and by Turgeon et al. (1988).

C o m m o n n a m e

Scientific name
Amblema plicata
Quadrula metanevra

Quadrula quadrula
Quadrula pustulosa
Quadrula nodulata *
Fusconaia flava
Pleurobema coccineum

Ellipsaria lineolata *
Cyprogenia aberti *
Potamilus purpuratus

APS (1988) Shel le rs

t h r e e r i d g e t h r e e r i d g e
monkeyface monkeyface or

I n d i a n h e a d

mapleleaf
pimpleback
wartyback
Wabash pigtoe
round pigtoe
butterfly
western fanshe l l
b l e u f e r

Lampsilis rafmesqueana * Neosho mucket

Lamvsilis cardium j l a i n p o c k e t b o o k

mapleleaf
mapleleaf
mapleleaf
mapleleaf
mapleleaf
mapleleaf
mapleleaf
blooper
(purple phase)
blooper (white
phase)
b l o o p e r

* Species not legally harvestable due to conservation status.

regulations was in part a response to the renewed
interest in commercial harvest and concerns about
overharvest. It was also the first attempt to make
harvest regulations compatible with threatened and
endangered species law. The commercially impor
tant species of mussels in Kansas and the morpho-
species recognized by shellers (Cope 1983) are
shown in Table 2. Shellers tend to lump similar-
appearing taxonomic species, as exemplified by
"mapleleaf," which may include five different
taxonomic species, and "blooper," which may
include three taxonomic species. A number of these
species are classified as endangered, threatened, and
species in need of conservation, and as such, cannot
be legally harvested. To reduce confusion between
similar species, in 1990 KDWP began distributing an
identification guide with all commercial permits.

Current KDWP commercial harvest regulations
are based on a 1992 revision of harvest laws (KAR
115-17-6 to 115-17-9). These regulations are similar
to those adopted in recent year by states in the
Upper Mississippi River region and are paraphrased
b e l o w .

To commercially harvest mussels in Kansas, a
commercial fishing license is required at a cost of
$75 for residents and $400 for nonresidents. To
obtain this license the musseler applies to the KDWP
and must fill out an application providing the
following information:

1. Name, address, and telephone number of
applicant.

2. Location of mussel storage and processing.
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3. Maintenance of a current record of activities and
submission of a quarterly report as follows:
a. Total weight of each mussel species harvested

and/or so ld .
b. A separate entry with date and total weight of

each mussel species sold.
c. Name, address, and license number of person

buying the shells.
The harvest season extends from April 1

through September 30 with no daily bag or posses
sion limit. The minimum shell heights are as follows:

• Threeridge, mapleleaf and bleufer, 3 inches.
• Monkeyface, 2% inches.
• Asian clam, no minimum size.

The waters open for commercial mussel harvest
a r e l i m i t e d t o :

• Federal reservoirs and other authorized public
impoundments.• Fall, Verdigris, Neosho, and Elk rivers, exclud
ing mussel refuge areas.

Any person buying mussels for resale or export
from Kansas must have a $200 mussel dealer permit
(KAR 115-7-14). An application for the permit is
available from the KDWP and must include the

applicant's name, address, and telephone number
and the location of stored mussels. A dealer can only
buy mussels from a licensed commercial musseler or
another dealer. He can only sell species that are legal
and to persons authorized to purchase or sell
mussels. Each dealer permittee will submit a quar
terly record book. The information required for both
the buyer and seller is as follows:

• Name, address, telephone number, and permit
number of person selling or buying mussels.

• Total shell weight for each mussel species
purchased and/or sold, with a separate entry for
each purchase or sale and the date of the trans
a c t i o n .

A dealer must process and sell mussels no more
than 30 days after the permit expires on 31 December.

C o n c l u s i o n s

Recent years have seen important changes in
regulations affecting freshwater mussel harvest in
Kansas, spurred by increasing public awareness of
the plight of mussels and recent increases in demand
by the cultured pearl industry. The number of
species afforded special conservation status has
increased from 2 in 1979 to 22 in 1992. Harvest

regulations, formerly lax, have been stiffened
substantially in the past several years. Regulations

now specify harvest waters, species, minimum size
limits, and seasons and contain reporting requirements.

The effect of these new regulations on mussel
populations has yet to be determined. We hope they
reduce adverse impacts on mussel populations by
limiting activities such as commercial harvest,
stream channelization, bridge construction, and
gravel dredging. However, these laws are unlikely
to result in the restoration of currently degraded
s t r e a m s .

Other water-related programs and policies
currently being implemented, developed, or at least
discussed in Kansas may prove to have the biggest
long-term effect on mussel conservation. These
address issues such as minimum stream flow laws,
establishment of riparian corridors, improved
agricultural conservation practices, and surface
water quality standards.
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Evaluation of Verdigris River, Kansas, Freshwater Mussel Refuge

Edwin J. Miller
Kansas Department of Wildlife and Parks, Independence

Abstract. In 1984, a refuge was established on the Verdigris River in Kansas to protect freshwater
mussels from commercial harvest A survey was conducted in 1991 to compare the unionid mussel
assemblage in refuge and nonrefuge sites and evaluate the effects of commercial shell-fishing on
populations of commonly harvested mussels. Four sites were selected in the 10.7-km refuge andfour sites (two upstream and two downstream) in nonrefuge waters. The habitat sampled at all
sites was predominantly gravel substrate in riffles and runs. Forty randomly selected l-m^
quadrats were searched for unionid mussels at each site. Quadrula metanevra, Quadrula pustulosa,
and Amblema plicata were the most common species encountered. Significantly fewer harvestable-
sized A. plicata were found at nonrefuge sites. A. plicata appears to be declining while Q. metanevra
is increasing in this stretch of river. Because few small A. plicata were found at all sites surveyed,
a more conservative size limit was recommended. The mussel refuge is protecting large individu
als of harvested species and allows us to evaluate the effect of commercial harvest. Four unionids
on the Kansas lists of threatened and endangered species were found during sampling.

I n t r o d u c t i o n

Refuges for the protection of freshwater mussels from Mussel refuges are intended to help ensure
commercial shell-fishing were established on the recruitment of young mussels to harvestable size
Verdigris, Fall, and Neosho rivers of Kansas in 1984. and to provide a control for evaluating the effect ofAfter refuge establishment, commercial shelling in commercial harvest on mussel populations. The
Kansas was incidental until 1989, when demand objectives of this study were to (1) compare differ-
became high enough to make shell-fishing profitable. ences in size and number of species harvested by

In 1990,96 tons of unionid mussels were col- commercial shellers between refuge and nonrefuge
lected from southeast Kansas streams and sold to sites, (2) document presence and location of species
commercial shell buyers. The 1991 reported mussel on the Kansas endangered and threatened lists, and
harvest increased substantially to 253 tons. Most (3) collect baseline data on mussel populations to aid
(85.3%) of the 1991 stream harvest was made up of in monitoring future population trends.
Amblema plicata (66.7%) and Quadrula metanevra
( 1 8 . 6 % ) . I n 1 9 9 1 , s h e l l - fi s h i n g h a r v e s t r e c o r d s j
revealed a take of 76 tons of mussels from the Materials and Methods
Verdigris River. It ranked second behind the Neosho Eight sampling sites were selected on a 14.2-kmRiver in stream shell-fishing harvest. stretch of the Verdigris River (Figure 1). Four sites

The Verdigris River has its headwaters in the Flint were located within the designated mussel refuge
Hills, with the majority of the drainage in the Osage (10.7 stream km). Two sites were located upriver
Questas of Kansas. Land use in the watershed is and two sites were located downstream from the
primarily tallgrass prairie pasture and grain crops. The refuge. Sites outside the refuge were located as close
Verdigris River system in Kansas has four reservoirs as possible to the refuge boundaries to limit differ-
and several low-head dams. Habitat consists of riffles ences due to river characteristics,
and runs with substrates of rock, cobble, and chert Selected sites were the best apparent habitat for
gravel separated by pools of slow-moving water with most unionid mussels found in the river. Shellers
a silt substrate. Twenty-five unionid species were reported that most mussels were harvested from
documented in the Verdigris River and its tributaries areas below, above, and in riffles, in water a few
during survey efforts in 1981 and 1982 (Cope 1983). inches to waist deep (Cope 1983). Exposed gravel
Five species are thought to be extirpated from the bars with fresh dead shells were located near the
Verdigris River (Schuster 1979, Cope 1979). selected sites. All sites were in a predominantly

Conservation and Management of Freshwater Mussels: Proceedings of a UMRCC Symposium
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gravel substrate near riffles in relatively shallow water
(less than 1 m deep) and were 100 m long and 10 m
wide. Sampling was conducted between 22 July and 12
September 1991. During this period the Verdigris River
was at a low water stage due to summer drought.

A 1-m^ square metal frame quadrat was used for
sampling. Forty quadrats were sampled at each
survey site. The sampling frame was dropped at
randomly selected coordinates, and mussels were
dug by hand. All live mussels were identified,
weighed, and measured. Shells were returned to the
river unless identification needed to be verified.

Species diversity was calculated for each site
using the equation d = S - 1/log N (Odum 1971),
where S is the number of species and log N is the
natural log of the total number of unionid mussels
found at the site. Diversity indices of refuge and
nonrefuge sites were compared using a Mann-
Whitney test (Zar 1984).

Number and size of the two most commonly
harvested shells, A. plicala and Q. metanevra, were
compared to determine differences between refuge
and nonrefuge sites. Because Q. pustulosa were
numerous and shells were seldom taken by harvest
ers, this species was also analyzed for habitat
differences between refuge and nonrefuge sites.

For analysis, shells were broken into two size
classes, < 76.2 mm and ^ 76.2 mm . A shell with a
length of 76.2 mm (3 inches) or more was of legal
harves t s ize in 1991.

Mussels were sorted by size and location (refuge
or nonrefuge) to test for independence using the log-
likelihood ratio (Zar 1984). The mean numbers of
legal shells per quadrat at refuge and nonrefuge
sites were compared using a Kruskal-Wallis test (Zar
1984). The differences in mean weights were tested
using a single-factor ANOVA procedure.

Asian clams, Corbicula fluminea, an introduced
species, were counted in the quadrats at two ran-

Figure 1. Map of Kansas showing location of the Verdigris
River Freshwater Mussel Refuge.

domly chosen sites. The number of individuals of
this species was compared to the number of small
native freshwater mussels as a method of quantify
ing search effort and to obtain a comparative index.

R e s u l t s

One thousand nine hundred one unionid mussels
representing 21 species with a combined weight of
359.3 kg were collected at all sites. On average, six
unionid mussels were found in each sample quad
rat. The three most abundant mussels were Q.
metanevra (26.6%), Q. pustulosa (17.4%), and A. plicata
(14.5%). Because of differences in mean size of
mussel species, A. plicata ranked highest in total
weight (32.4%), followed by Q. metanevra (23%), and
Q. pustulosa (9.7%).

Although equal search effort was committed to
refuge and nonrefuge sites, the refuge accounted for
59.7% of the mussels found. Furthermore, 68.7% of
the unionid biomass was found inside the refuge.
The mean density of harvestable-sized mussels was
significantly higher at refuge sites (3.9/m^) than at
nonrefuge (2.2/m^) sites (H = 14.59,1 d.f., P < 0.001).
Many more quadrats had four to eight harvestable-
sized A. plicata and Q. metanevra at refuge sites
(n = 33) than at nonrefuge sites (n = 3).

The number of unionid species found at each
site ranged from 14 to 20. The diversity indices at
sites in the refuge (2.84,2.89,2.92,3.32) were not
significantly different from those at nonrefuge sites
(2.43, 2.81,3.09,3.12) (U = 9, P > 0.2).

The three most common species collected in the
survey, Q. metanevra, Q. pustulosa, and A. plicata,
were sorted to determine if there was a significant
difference in the number of harvestable-sized shells
found at refuge and nonrefuge sites (Table 1).

Amblema plicata

Significantly fewer harvestable-sized A. plicata were
found at nonrefuge (0.41/m )̂ than at refuge (1.21/m )̂
sites. Sixty-six percent fewer harvestable-sized A.
plicata were found outside the refuge (n = 65) than
within (n = 194). Significantly fewer harvestable-
sized mussels were found at nonrefuge sites than
expected (G = 41.3,1 d.f., P < 0.001). The mean
weight of A. plicata over 76.2 mm long was signifi
cantly greater at refuge sites (481.4 g) than at non
refuge sites (340.4 g) (F = 35.08,1 d.f., P < 0.001).
Very few A. plicata smaller than legal harvest size were
found at either refuge (n = 8) or nonrefuge (n = 9) sites.

Quadrula metanevra
The number of Q. metanevra found at nonrefuge or
refuge sites was not independent of whether they
were of harvestable size (G = 5.03,1 d.f., P = 0.025).
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Thirty-eight percent fewer harvestable-sized Q.
metanevra were found on nonrefuge (n = 114) than
on refuge sites (n = 184). Significantly fewer
harvestable-sized Q. metanevra were found at
nonrefuge sites than expected (G = 92,1 d.f., P = 0.002).
However, when the mean numbers of harvestable-
sized Q. metanevra found at nonrefuge (0.72/m )̂ and
refuge (1.14/m )̂ sites were compared, the difference
was not significant (H = 1.3,1. d.f., P = 0.254).

The mean weight of Q. metanevra over 76.2 mm
long was significantly smaller at nonrefuge (206.2 g)
than at refuge sites (294.4 g) (F = 31.24,1 d.f.,
P < 0.001). Similar numbers of shells smaller than
harvestable size were collected at nonrefuge
(n = 100) and refuge sites (n = 107).

Quadrula pustulosa
The number of Q. pustulosa found at refuge or
nonrefuge sites was independent of whether they
were of legal harvest size (G = 0.01,1 d.f., P = 0.92).

Corbicula fluminea
C. fluminea was found at every site sampled. At two
randomly selected sites, the number of C. fluminea
was counted and compared to the number of small
native unionid mussels found. A total of 1480 C.
fluminea and 128 small unionid mussels (< 40 mm
long) were tallied.

Endangered and Threatened Species
Live specimens of four species on the Kansas
endangered and threatened lists were found during
sampling. Lampsilis rafinesqueana (n = 5) and
Cyprogenia aberti (n = 4), both on the endangered
species list, were found. Also found were the
threatened species Ptycliobranchus occidentalis (n = 7)
and Ellipsaria lineolata (n = 5).

Table 1. Number (%) of the three most common mussel
species found at four refuge and four nonrefuge sites in
Verdigris River, Kansas, and sorted by size (3-inch legal har-
vest size in 1991,40 randomly chosen 1-m' quadrats per site).

Amblema plicata
Legal harvest size
Under legal size

Quadrula metanevra
Legal harvest size
Under legal size

Quadrula pustulosa
Legal harvest size
Under legal size

Refuge

194 (96)
8 (4)

184 (63)
107 (37)

11 (7)
151 (93)

Nonrefuge

65 (88)
9 (12)

114 (53)
ICQ (47)

11 (6)
158 (94)

D i s c u s s i o n

It should be noted that landowners have reported
that some illegal shell-fishing occurs on the mussel
refuge. Any violations of the refuge would reduce
the differences documented between refuge and
nonrefuge sites.

Many more quadrats in refuge sites than in
nonrefuge sites had four to eight harvestable shells
of A. plicata and Q. metanevra. This is probably due to
the search patterns of commercial shellers that inten
sify near areas where large shells are clustered.

Three stations were sampled on the Verdigris
River in 1982 prior to refuge establishment (Cope
1983). The unionid species diversity in 1982 was not
different from that found at the 1991 sampling
stations. However, the ranking of most common
species did change. A. plicata was the most common
species found at stations surveyed in 1982 (Cope
1983) and was considered one of the most common
mussels in the Verdigris River system in an earlier
survey report (Schuster 1979). In 1991, it ranked
third in number behind Q. metanevra and Q.
pustulosa and appears to be declining.

Because of its size and shell thickness, A. plicata
is the most frequently harvested mussel in Kansas.
Commercial harvest figures for 1991 reveal that 61
tons of A. plicata were removed from the Verdigris
River. This species represented 80% of the total
Verdigris River commercial shell harvest in 1991.
The A. plicata found in the refuge were significantly
larger and more numerous than those found at
nonrefuge sites. Most of this difference can be
attributed to commercial harvest.

Although the sites sampled were in relatively
shallow water and were easy for shellers to work,
the nonrefuge sites contained harvestable mussels.
The law of diminishing returns protects some large
species of marketable shells even in shallow
nonrefuge sites. As shellers' catch per unit of effort
declines, their income per unit effort declines.
Within 160 quadrats sampled outside the refuge, 65
A. plicata of harvestable size were found.

Very few small A. plicata shells were found in
either refuge or nonrefuge sites. Previous studies on
the Verdigris River have revealed similar results (Cope
1983). Of 122 A. plicata measured and aged in 1982,
about 90% were of harvestable size (> 80 mm long). Of
these shells, the vast majority (86%) were between 8
and 20 years old. One might expect that with a low
number of small A. plicata documented in 1982, low
numbers of A. plicata would be found in 1991 at
nonrefuge sites. This was the case because only 74 A.
plicata of all sizes were found in the 160 nonrefuge
quadrats searched. Only 17 individuals less than legal
size were found in all 320 quadrats searched.
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The lack of small A. plicata found in the quadrats
at all sites is a serious concern. The dearth of small
A. plicata may be partially attributable to sampling
bias and site selection, but a real reduction in
recruitment of young to reproductive stages is
probable and will mean lower future harvests.
Harvest pressure, contaminants, or some other
environmental factor may be seriously affecting the
population of i4. plicata. Follow-up surveys will give
a better picture of the downward trend of this species.

Numbers of Q. metanevra, by contrast, appear to
be increasing in the Verdigris River. In the 1970s,
Schuster (1979) did not find Q. metanevra in large
numbers at any Verdigris River site surveyed and
classified it as uncommon to rare in the drainage. In
1982, Q. metanevra ranked sixth or seventh in density
at three stations sampled by Cope (1983). However,
Cope (1983) predicted a rebound in numbers of Q.
metanevra because of the large, young age class
observed during sampling on the Verdigris and Fall
rivers. In 1991, Q. metanevra was the most common
mussel found during the survey. This is probably
partially attributable to the selection of riffle and run
areas at sampling sites. Q. metanevra prefers clear
water with a swift current and a gravel stream
bottom (Oesch 1984).

In the stretch of the Verdigris River surveyed in
1991, the Q. metanevra population appeared healthy.
It has evidently surged in numbers in the lower
Verdigris River in the past decade. Harvest compila
tions show that this species has not been affected by
commercial shell-fishing as drastically as A. plicata.
Survey data did not reveal a significant difference in
the mean number found per quadrat between refuge
and nonrefuge sites.

Size limits on shells are accepted by shellers and
buyers as a means of ensuring future harvests of
large shells that provide the largest return. The 1992
Kansas regulation setting a 3-inch minimum shell
height for A. plicata was recommended and adopted
into law. Of the number of harvestable A. plicata
found at nonrefuge sites in 1991, 20% would be
below legal size under the 1992 criterion.

Kansas shell-fishing regulations also changed the
size limit for Q. metanevra to 2.75 inches in 1992. Of the
sampled nonrefuge specimens of legal size in 1991,
21% would be protected using the 1992 size restriction.

Q. pustulosa was the second most commonly
found mussel in this survey. This species is seldom
taken by shellers because of its small size.

Corbicula fliminea was not noted in 1982 sampling
on the Verdigris River but invaded sometime in the
past decade. Its influence on native mussels is uncertain.

Two species on the Kansas endangered and two
on the Kansas threatened lists exist in this stretch of
the Verdigris River. These species are at low popula

tion levels and may not withstand habitat perturba
tions. Although small shells of three of these species
were found, indicating recruitment, the sample sizes
were too small to note any trends from past surveys
or differences in numbers found between refuge and
nonrefuge sites.

Summary
1. The refuge is protecting some harvestable

mussels and providing a comparison to evaluate
the effects of commercial harvest.

2. The reportedly heavy shelling pressure since 1989 is
not decimating the entire unionid mussel assem
blage as some people feared. However, a significant
difference in the number and size of large
Amblema plicata between refuge and nonrefuge
sites is probably due to commercial harvest.

3. Over the past decade, the population of QMfldrwto
metanevra in this stretch of river has increased.
Commercial shell-fishing is also affecting this
species in the Verdigris River, but not to the extent
noted with A. plicata.

4. Comparatively few small Amblema plicata were
found in the survey at either refuge or nonrefuge
sites. Its former dominance in the Verdigris River
appears to be waning. Factors other than
commercial harvest appear to be affecting
recruitment of this species.

5. The more conservative size limits recommended
and set in 1992 are a safeguard that will help
protect smaller individuals that would otherwise
b e h a r v e s t e d .

6. Two species on the Kansas endangered species
list and two on the threatened species list were
found during this survey.
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Ef fec t s o f Commerc ia l Ha rves t on Un ion id Hab i ta t Use i n t he
Green and Barren Rivers, Kentucky

Thomas G. Cochran II and James B. Layzer
U.S. Fish and Wildlife Service, Tennessee Cooperative Fishery Research Unit, Tennessee Technological University, Cookeville

Abstract. Unionid densities and three habitat variables (depth, mean water column velocity, and
substrate) were measured in three areas subjected to various amounts of commercial harvest
pressure on the Green and Barren rivers in south-central Kentucky during 1990 and 1991.
Unionids were sampled with 0.25-m^ quadrats and a stratified random sampling design to
determine distribution and abundance within each area. Habitat variables were measured at 2.5-m
intervals along transects established perpendicular to the stream flow in the center of each 20-m-long
sampling site. Depth and velocity were measured at discharges ranging from 8 to 15 m'/s.
Hydraulic models of each study area were used to describe unionid habitat use within each 2.5 m x
20 m cell for normal low-flow conditions. A total of2,282 unionids were collected in 2,100 quadrat
samples taken over a broad range of habitat conditions. Habitat use varied among study areas.
These differences appear to be related to the amount of commercial harvest activity in the areas
rather than inherent differences in habitat preferences.

I n t r o d u c t i o n

Freshwater mussels or unionids are found in a

variety of habitats in both lotic and lentic environ
ments. Numerous studies, from early qualitative
habitat descriptions (e.g., Simpson 1899) to more
recent, complex studies (e.g., Salmon and Green
1983), have attempted to document specific habitat
use or preferences by various unionid species.
Although Holland-Bartels (1990) found that a small
number of species exhibit habitat preferences, most
unionids occur in a wide range of environments
(Tevesz and McCall 1979, Strayer 1981). Studies of
unionid habitat use have been conducted in a wide
variety of environments, ranging from small streams
(Strayer 1983) to large rivers (Holland-Bartels 1990)
and lakes (Harman 1972).

Because of the limited mobility of mussels, the
habitat use of unionids may reflect factors unrelated
to any inherent habitat preferences. For instance, the
spatial distribution of a unionid population may be
affected by commercial exploitation. The distribution
and habitat use of a commercially exploited popula
tion may be quite different from that of an unexploited
population due to unequal harvest and artificial
relocation of unionids across various habitat gradients.

Habitat use and availability measurements are
the foundation for calculating habitat preferences
(Bovee 1982). Therefore, if unionid habitat use is
measured for a population that has an altered
distribution, the resulting preference curves could

be biased. Furthermore, management decisions
based on these preference curves, such as recom
mendations for minimum flows or transplant sites,
could prove detrimental to the taxa involved.

The objective of our study was to determine
whether commercial harvest affects the habitat use
of unionids. We hypothesized that habitat use
would appear different among three areas subjected
to differing amounts of commercial harvest.

Study Areas
Our study areas were located in a section of the
Green River below Lock and Dam No. 5 (L & D 5)
near Glenmore, Kentucky, and a section of the
Barren River below Lock and Dam No. 1 (L & D1)
near Richardsville, Kentucky (Figure 1). These rivers
have long been recognized as favorable environ
ments for freshwater unionids (Ortmann 1926). Isom
(1974) reported 70 species from the Green River
basin. These river sections, once impounded by
Green River Dam No. 4 near Woodbury, Kentucky,
returned to a riverine environment when the dam
was destroyed by floodwaters in May 1965 (Wil
liams 1969). These areas are now characterized as
having an oxygen-rich current that is essential to
unionid populations (Stansbeiy 1973).

One study area (GRD) was located approxi
mately ICQ m below L & D 5 and consisted of one

Conservation and Management of Freshwater Mussels: Proceedings of a UMRCC Symposium
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Figure 1. Map of the Green and Barren rivers near
Bowling Green, Kentucky.

Table 1. Substrate categories and particle size ranges used
to describe dominant substrate (by weight).
Substrate category Particle size range (mm)

1 < 0 . 5
2 0 . 5 - 2 . 0
3 2 . 0 - 4 . 8
4 4 . 8 - 9 . 5
5 9 . 5 - 1 2 . 5
6 1 2 . 5 - 1 9 . 0
7 1 9 . 0 - 2 5 . 0
8 > 2 5 . 0

20-m-long x 30-m-wide sampling site in a river
section closed to commercial harvest. The second
study area (GR) was established approximately 1.9
km downstream of L & D 5 in a river section open to
commercial harvest and easily accessible to brailers
for approximatly two years prior to the beginning of
our study (R Anderson, Indiana Department of
Natural Resources, personnal communication). This
study area consisted of two 20-m-long x 50-m-wide
sampling sites. The third study area (BR) also
contained two sampling sites (one 20 m x 40 m; one
20 m X 45 m) and was located in the Barren River
below L & D1 in a section of river open to unionid
harvest. However, this portion of the Barren River
was not easily accessible to commercial harvesters
until a boat ramp was constructed in the area during
the summer of 1990 (the beginning of our study).
Moreover, we observed more brailing activity on the
Green River than on the Barren River during our
two-year study. Therefore, we assumed that overall
unionid harvest in the Barren River was less than in
t h e G r e e n R i v e r.

M a t e r i a l s a n d M e t h o d s

Unionids were sampled in 1990 and 1991 using 0.25-
m^ quadrats and a stratified random sampling
design to determine distribution and abimdance
within each area. Each sampling site was perma
nently marked to ensure that the same areas were
sampled during both surveys. Within each 100-m^
stratum, 25 randomly placed samples were taken
(two strata in area BR were 50 m^ in area and 25
samples were taken between them). Sampling points
were determined by a set of coordinates randomly
generated by computer. These coordinates were
located using temporary strata markers placed in the
river bottoms and meter tapes. Unionid distribution
across each study site was determined using the
coordinate measurements.

Habitat variables (depth, mean water column
velocity, and substrate) were measured at 2.5-m

intervals along transects established perpendicular
to the stream flow across the center of each site.
These measurements were used to describe habitat
availability in each 2.5 m x 20 m cell.

Substrate samples were taken at each vertical
using a Ponar grab sampler. Samples were brought
back to the laboratory, dried, and sieved following
procedures of Plumb (1981). Substrate codes were
then assigned to each cell based on the dominant
particle size (by weight) within each sample (Table
1). Depth and mean water column velocity were
measured with a digital velocity meter and top-
setting wading rod at each vertical during dis
charges ranging from 8 to 15 mVs. We used the
Physical Habitat Simulation (PHABSIM) system
developed by the U.S. Fish and Wildlife Service to
model the hydraulic conditions at each site and to
predict depth and velocity at discharges of 7.8 m'/s
(Green River) and 2.8 m /̂s (Barren River). These
simulated discharges reflect normal low-flow
conditions in these rivers. The hydraulic models
along with the results of the density estimates were
used to describe habitat use during low discharge.
Habitat use is presented as mean unionid density in
various habitat categories. Spearman correlation
coefficients were calculated to evaluate the relation
ships between unionid density and the habitat
v a r i a b l e s m e a s u r e d .

R e s u l t s

We collected 2,282 unionids representing 30 species,
including the federally endangered rough pigtoe
{Pleiirobema plenum) and fanshell {Cyprogenia stegaria)
in the 2,100 quadrats sampled (Table 2). Unionids
used a wide range of microhabitats among the three
study areas.

Estimated densities in the nine depth categories
ranged from 0,9 to 9.1 individuals/m^ and were
generally higher at greater depths in each area (Figure
2). There was no significant correlation (Spearman's
rho; P > 0.05) between depth and unionid density for



Cochran and Layzer: Effects of Commercial Harvest on Unionid Habitat Use 6 3

Table 2. Unionid species and numbers collected from the
Green and Barren rivers during 1990 and 1991.

Species
Actinonaias ligamenlina
Amblema plicata
Cyclomias tuberculata
Cyprogenia slegaria *
EUipsaria lineolata
Elliptio crassidens
Fusconaia jlava
Fusconaia subrotunda

Lampsilis cardium
Lampsilis ovata
Lampsilis siliquoidea
Lasmigona complanata
Lasmigona costata
Leptodea fragilis
Ligumia recta
Megalonaias nervosa
Obliquaria reflexa
Obovaria subrotunda
Plethobasus cyphyus
Pleurobema coccineum
Pleurobema cordatum
Pleurobema plenum *
Pleurobema pyramidatum
Potamilus alatus

Ptychobranchus fasciolaris
Quadrula metanevra
Quadrula pustulosa
Quadrula quadrula
Trilogonia verrucosa
Truncil la truncata

Green River B a r r e n R i v e r 6-

1 9 9 0 1 9 9 1 1 9 9 0 1991

5 5 6 0 1 9 1 0 4 -

3 6 2 1 1 2 4 9 4
1 2 5 2

0 '
1 0 0 1

9 1 8 0 3 5

4 8 5 8 1 6 6 0-

6 4 3 0 1 0

7 4 1 4
1 7 8 4 7 6

0 2 1 2

1 0 0 0 ^ 6
2 1 2 0 v >

z ^
1 2 7 9 s ^

1 3 8 1 1

2 5 1 0 2

90 5 7 6 9 53
5 0 3 2 6 4 0

2 0 0 0 8

1 1 0 0
18 8 1 4 6

1 2 1 1 2 3 4 8 4 2

2 8 2 9 2 2 1 8

1 5 3 2
4

5 3 4 1

6 3 7 3 1 7 21 2

1 1 0 0

5 3 6 5 3 5 3 9

5 6 4 4 0 -

1 9 8 6 1 0

4 1 3 3 2 9 3 4

7 7 9 6 9 9 4 3 1 3 7 3 Figure

I S 2 9 3 S 4 5 5 5 6 5 7 S 8 9

DEPTH (cm)

* Federally endangered species. Dam, GR = Green River downstream, BR = Barren River).

the most heavily brailed area (GR) or the area that
recieved no harvest pressure (GRD). However, density
was correlated with depth in the area subjected to light
harvest pressure (BR) (Table 3).

Densities varied from 0.6 to 9.1 individuals/m^
in the six velocity categories (Figure 3). Unionid
density was positively correlated with velocity in the
areas exposed to little or no harvest pressure (BR
and GRD) (Table 3). In contrast, density was nega
tively correlated with velocity in the area most
heavily brailed (GR) (Table 3).

Densities in the seven substrate categories
ranged from 0.6 to 8.5 individuals/m^ and were not
significantly correlated with particle size (Figure 4).
The relationship between imionid density and the
percentage of fines in the substrate varied among
areas (Figure 5). In the area most heavily harvested
(GR), density was positively correlated with percent-

Table 3. Spearman correlation coefficients for unionid
density and four habitat variables for the three
study areas (GRD = Green River Dam, GR = Green River
downstream, BR = Barren River).

Study area
V a r i a b l e G R D G R B R
Density vs. depth 0.40 -0.30 0.76*
Density vs. velocity 0.74 * - 0.69 * 0.57 *
Density vs. substrate 0.20 0.05 0.41
Density vs. fines -0.22 0.65 * - 0.60 *
• P < 0.05.

age of fines (Table 3). In contrast, density was
negatively correlated with the amount of fines in the
substrate in the area with light harvest pressure (BR)
(Table 3). There was no significant correlation between
density and percentage of fine substrate particles in the
area closed to commercial harvest (GRD).



v a o c m r ( c m / s )

Figure 3. Density (individuals/m^) of unionids in each 10
cm/s velocity interval for each study area (GRD = Green
River Dam, GR = Green River downstream, BR = Barren
River).

D i s c u s s i o n

Unionids used a wide range of available habitats in
the three study areas and showed no consistent
preference. The relationship between density and
habitat variables often differed among areas. We
suggest that these differences in habitat use are
related to the amount of commercial harvest activity
in the area rather than to inherent differences in
habitat preferences.

The distribution of unionids in the most heavily
brailed area (GR) may have been altered to a greater
extent than the distribution in the lightly brailed
area (BR). These altered distributions probably
resulted from the combined effects of harvest and
the culling practices of commercial brailers. Unionid
harvesters frequently cull their catch along the
shoreline and release undersized or unmarketable

S U B S T R AT E

Figure 4. Density (individuals/m^) of unionids in each
dominant (by weight) substrate particle size category
(category 5 was not dominant in any cell sampled) for
each study area (GRD = Green River Dam, GR = Green
River downstream, BR = Barren River).

unionids into habitats often dissimilar from where
they were captured.

Snags and debris along the shoreline reduce
water velocity and increase silt deposition. Because
of these obstructions, brailing activity is curtailed or
reduced in these areas. The resulting differential
harvest along with the relocation of unwanted
uiuonids by brailers may explain the negative
correlation between density and velocity and the
positive correlation between density and the amount
of fine substrate particles that we found in the most
heavily brailed area (GR). Reduction in water
velocity and the associated increase in sedimenta
tion are detrimental to riverine unionid populations
(Dennis 1985, Stansbery 1973).

We believe the spatial distribution of unionids in
area GR and the observed habitat use reflected
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Figure 5. Density (individuals/m^) of unionids versus
percentage of fine substrate particles for each study area
(GRD = Green River Dam, GR = Green River downstream,
BR = Barren River).

commercial harvest and culling practices. Manage
m e n t r e c o m m e n d a t i o n s b a s e d o n b i a s e d h a b i t a t u s e

data, such as those collected from area GR, could be
particularly detrimental to any endangered species
affected by the recommendations. Future determina
tion of unionid habitat use and preference should
c o n s i d e r h o w c o m m e r c i a l h a r v e s t o r o t h e r f a c t o r s

may have altered the natural distribution of unionids.
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Freshwater Mussels in Peril: Perspective of the U.S. Fish and
W i l d l i f e S e r v i c e

Larry Shannon^ Richard G. Biggins^ and Roberta E. Hylton^
'L7.S. Fish and Wildlife Service, Division of Endangered Species, Washington, D.C
^U.S. Fish and Wildlife Service, Asheville, North Carolina

Abstract. The U.S. Fish and Wildlife Service estimates that 18 of the approximately 300 species of
freshwater mussels native to the United States are probably already extinct. Even disregarding the
potential invasion of the zebra mussel, the Service estimates that as many as 45 species of mussels
may become extinct within the next 10 years. The invasion of the zebra mussel may place anadditional 20 species at risk of extinction within the next 10 years. Although the Service has
undertaken a number of projects aimed at conservation and research of native freshwater mussels,
the alarming decline in mussel diversity continues. To avoid the eventual extinction of this entire,
wide-ranging faunal group, the Service and other federal and state agencies, as well as private
conservation organizations, need to expand current mussel conservation and research efforts to
address (a) the zebra mussel invasion; holding, propagation, and rearing of native mussels; (c)
interagency cooperation; and (d) public education about the importance of mussels.

The list of threatened and endangered mussels is
growing. Some 14% are federally listed, and 24% are
candidates for listing. About 6% of our native
mussels are extinct. No other wide-ranging faunal
group in the United States has suffered such a
dramatic decline in recent history. To add to the
problem, the zebra mussel has invaded our water
ways and is rapidly expanding its range. The zebra
mussel edges us toward fast-paced research and
crisis management while threatening to issue the
coup de grace to our native mollusks.

The time to advocate mussel conservation is
now. We need to encourage agencies and organiza
tions to actively support mussel conservation efforts.
We also need to make the public, private industry,
and political leaders more aware of just how serious
the impending threats are and why maintaining
aquatic diversity is so important.

The urgency of the situation is not apparent to
everyone. The general public is largely unaware of
the plight of freshwater mussels; many people
simply do not realize the importance of aquatic
diversity. It will take a major effort on our part to
convince agency heads, conservation organizations,
and the public that mussel conservation is impor
t a n t .

Getting people to focus on the loss of mussel
diversity is complicated by many factors. Mussels
are not warm and furry, and exposure to the aquatic

environment is a largely foreign experience. Most
people will never put their open-eyed faces down
into a stream to observe a mussel. Even if they do,
they are not likely to find a mussel to be nearly as
endearing as a panda.

There are many environmental issues and
problems that make it difficult to convince the heads
of agencies and organizations to focus on the mussel
decline; they are worrying about reauthorization of
the Endangered Species Act, toxic waste dumping,
acid rain, rainforest destruction, etc. Some of these
issues just naturally evoke greater public and,
therefore, political concern than others. It takes time
to catch the attention of decision makers. They are
occupied with trying to deal with numerous prob
lems; and they are asked to balance and juggle
programs under tight budgetary constraints. They
have the responsibility of responding to the multiple
demands and concerns of many people—politicians,
the public, their own staff, and the scientific commu
nity.

The good news is that despite the distractions,
most natural resource agencies and organizations
seem to be at least somewhat aware that we face a
serious loss of mussel diversity. They are concerned
and aware that we should be taking action. How
ever, detailed, formal recommendations on specific
research and management needs have only recently
begun to appear on the desks of administrators.

Conservation and Management of Freshwater Mussels: Proceedings of a UMRCC Symposium
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There has been very little lag time between 1988,
when the zebra mussel was first reported in Lake St.
Clair, and now. In fairly short order, biologists from
the U.S. Fish and Wildlife Service and elsewhere

began to study the problem. They started discussing
and evaluating the situation, and they considered
actions for dealing with the zebra mussel threat. It
took a little longer to formally transmit information
and recommendations to managers and administra
t o r s .

If it is possible to say anything good about the
introduction of the zebra mussel, it is that the zebra
mussel is helping to draw attention to the fact that
native mussels and the diversity of many freshwater
systems in general were already suffering from
cumulative and chronic perturbances. Awareness
and concern about the zebra mussel prompted
passage of the Nonindigenous Aquatic Nuisance
Prevention and Control Act of 1990. In 1993, the
Service expects to receive about $1.7 million in
appropriations under this act.

In trying to deal with the zebra mussel, we have
organized meetings. This past May, the Zebra
Mussel Workshop was held in Ann Arbor, Michi
gan. It included malacologists and biologists from
agencies, universities, and the private industry.
Reports from the Zebra Mussel Workshop and other
such meetings have given agencies and organiza
tions a stronger framework for action. The informa
tion and formal recommendations generated at such
meetings are valuable. They give us an idea of what
we can and need to do. They help guide us toward
s o l u t i o n s .

In November 1993 the Service will be convening
an internal meeting. We will be reviewing research
and management recommendations that came out of
the Ann Arbor meeting. Perhaps more importantly,
we will consider how existing Service funds might
be shifted to mussel conservation efforts. We will
also try to determine any overall needed increase in
funds for mussel conservation.

The recommendations that came out of the
Zebra Mussel Workshop highlighted many of the
things that agencies and organizations need to do.
The five main areas of research and management
needs identified at the workshop were as follows:

1. Prediction,
2. Holding and culture,
3. Control research,
4. Alternative conservation measures, and
5. Extension education and coordination

First, we need to be able to predict the likely
distribution and density of zebra mussels, especially
in flowing waters. A pilot study related to this is

under way at the Tennessee Cooperative Fishery
Research Unit at Tennessee Tech. That study ŵ
use the results of one month of field surveys to look
at zebra mussel distribution in streams of the Great
Lakes basin. In addition to this information, we also
need to know the physical, chemical, and biological
variables that will affect zebra mussel distribution
and densities in streams and rivers. That would help
to better predict the overlap between unionids and
zebra mussels. The U.S. Army Corps of Engineers
Waterways Experiment Station in Vicksburg has
received funds from the Environmental Protection
Agency to evaluate the interactions between
unionids and zebra mussels in the Upper Missis
sippi River.

Like "prediction," holding and culture of
unionids is important. Holding and culture could
well be the only way to protect some mussels from
extirpation or extinction. Techniques for holding and
culturing should be improved. They should be
refined to help all native species across all life stages.

We still have a lot to learn, especially about
holding and culture of freshwater mussels. The
Service and the Virginia Department of Game and
Inland Fisheries are funding a pilot study to hold
mussels in hatchery ponds and raceways at the
Virginia Cooperative Fish and Wildlife Unit at
Virginia Polytechnic Institute and State University.
The National Fishery Research Center in Gainesville
is planning a similar project. There are a few ongo
ing projects, but we need to develop alternative,
long-term holding methods.

We must look at the nutritional and physiologi
cal requirements of mussels. Tennessee Valley
Authority researchers, biologists at the Service's La
Crosse labs, and investigators at the Virginia Coop
Unit have had some success at rearing glochidia to
the juvenile stage. However, no one has yet been
able to rear these juveniles past about 2 months of
age. The Service and other federal and state agencies
desperately need to increase funding and support
for research into holding and culture of native
m u s s e l s .

If we could improve holding and culture
techniques, transplantation and reintroduction of
captive mussels is possible. Current problems in the
Detroit River are a good example of just how
important it is to be able to hold and culture
unionids. The northern riffleshell and other mussels
in that river are in imminent danger of extirpation.
They are heavily infested with zebra mussels.
Volunteers from a group of expert police divers are
scheduled to begin collecting about 2,000 northern
riffleshells. Volunteers from the community will
hand-clean zebra mussel encrustations from native
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mussels and pack the unionids into holding cages.
Some of the unionids will be placed in suitable
habitat in the St. Clair River. Some will be held over
winter in cages in the boat basin of the Consumers
Power Company's Monroe Plant. Plans are to
relocate the mussels to suitable sites before May of
next year. The Michigan Department of Natural
Resources, the Michigan Natural Heritage Program,
the Consumers Power Company, university experts,
the Service, and community volunteers have all
pulled together to respond to the crisis. The coopera
tion and response of the groups and individuals
involved is very encouraging.

The third recommendation from the Zebra
Mussel Workshop in Ann Arbor deals with control.
Before we can reintroduce native mussels to natural
habitats, we need to develop ways to eliminate, or at
least control, zebra mussels. A method of control
could also help to reduce encrustations of zebra
mussels around the intake structures of public and
private facilities. The control might be chemical,
physical, or biological. Because zebra mussels are
likely to become widespread, a natural disease or
parasite might be more effective than a chemical or
physical control. Zebra mussels are native to the
drainages to the Black, Caspian, and Aral seas—
looking there might give us a hint about ways
nature controls the zebra mussel. We should be very
careful, however, not to introduce new biological
threats while trying to solve an existing one. It seems
safer to look for some nonpathogenic factor that is
naturally limiting to the zebra mussel. If we could
find some natural control mechanisms, it might help
to increase the success rate of efforts like those on
the Detroit River. International conservation organi
zations, and also universities with international
programs, could play a big role in initiating coopera
tive zebra mussel research with Russia and eastern
Europe.

The fourth recommendation from Ann Arbor is
that we should consider alternative measures to

protect native mussels—at least until there is some
direct control method for the zebra mussel. There is
some interest in studying the feasibility of using
removable settling substrates to trap the zebra
mussel veligers upstream of native mussel beds. By
restricting boat traffic in fairly small watersheds
with limited access, it might be possible to delay or
prevent invasion of the zebra mussel. Such areas
could serve as refugia for native mussels.

The fifth and final need considered at the Ann
Arbor meeting was extension and education.
Education will be a very important element in all
mussel conservation efforts. We need to help
teachers give children a chance to experience and

learn about aquatic environments. The public should
know that zebra mussels are easily transported by
boat traffic. They should know how to avoid con
tributing to the spread of zebra mussels. The Ten
nessee Wildlife Resource Agency and other state
agencies have produced brochures to make the
public aware of the zebra mussel threat. We need to
keep the administrators of federal and state agencies
and private organizations informed. We need to see
that our elected representatives are aware of the
value of maintaining aquatic diversity. We must do
a good job of education, if mussel conservation
efforts are to succeed. We must invest time and
effort in education, or there will be no support for
mussel conservation.

In regions that have unionids, most natural
resource agencies and conservation organizations
are looking for ways to respond to the zebra mussel
threat. Those that are not, should be. The Zebra
Mussel Workshop has identified five main research
and management needs. The challenge now is to
convince our agencies and organizations to fund and
support efforts aimed at filling those needs.

Knowing what needs to be done in response to
the zebra mussel threat builds a framework for
support and action. Once we know what is needed,
we can develop and justify funding requests to
fulfill those needs.

It is important to keep in mind that native
mussels face many threats, not only the zebra
mussel. We must work to prevent unionid declines
due to factors such as habitat alteration, as well as
the invasion of the zebra mussel. Without good
habitat, there will be no place to reintroduce our
n a t i v e m u s s e l s .

The knowledge we gain while responding to the
zebra mussel threat should also benefit mussel
conservation in general, but we should strive to keep
sight of all the causes for mussel decline. We have to
look at the health of the whole aquatic environment.

Our exposure to rivers and the study of aquatic
ecology has persuaded us that mussels are diverse
and beautiful, interesting and mysterious. We know
that mussels are important biological indicators. We
accept the notion that there is reason and value in
maintaining aquatic biodiversity. This—and not just
the terror of the zebra mussel—is what we must

convey to others.



Resource Management: A Shell Exporter's Perspective

Peggy M. Baker
Tennessee Shell Company, Camden

Abstract. Tennessee Shell Company is very concerned about the protection and conservation of
freshwater mussels. Our industry's survival and the long-term survival of approximately 10,000
U.S. jobs depend upon this renewable natural resource, and we have a responsibility to assure its
continued health. We wish to join with other interested persons in the scientific community,
government agencies, and our own industry to share mformation, identify problem areas, and
find solutions. Sound management is the key to proper conservation of the resource. Determining
what regulations are needed and the implementation of those regulations in each state are only the
first steps. Support from state and federal government, law enforcement agencies, biologists, and
industry leaders is essential. Our goal is to assure that proper levels of concern are maintained
within our industry, including the harvester (musseler), the field buyer, and the exporter.

I n t r o d u c t i o n

Tennessee Shell Company was founded in 1961 by
John Latendresse, who owned and operated the
company until January 1992.1 joined the company in
1978 and in January of this year purchased the remain
ing stock from Mr. Latendresse, who has now retired
from the shell export business. Today Tennessee Shell
is one of the largest of eight exporters of freshwater
mussel shells. Our company's long range plan includes
an all-out effort to implement changes where needed
to the survival of freshwater mussels.

C u r r e n t M a r k e t

The demand for freshwater mussel shell decreased
dramatically in 1992. The total tonnage exported to
Japan was only about 4,500 short tons, or less than half
the amount shipped in 1991. We anticipate the market
to maintain this level for the next three to four years.

In addition to the sharp decrease in quantities of
shells needed, we are seeing a change in the species
and quality requirements. In 1989 our No.l seller was
the ebony shell, Fusconaia ebena. In 1990 and 1991 we
saw a shift to large washboards, Megalonaias nervosa. In
1992 the trend was toward the lake maple leaf,
Quadrula quadnila; threeridge, Amblema plicata; and
pigtoe, Fusconaia and Pleurobema spp. Premium quality
is essential in today's market.

The type of shell used by the nucleus manufac
turer is dictated by the size bead required. The
weight of a cultured pearl is approximately 90%
shell nucleus. So, fashion trend is the most impor
tant factor in setting this stage. Very simply. Is the

fashion trend toward large, medium, or small
pearls? The pearl farmer and bead manufacturer
have to predict this trend three to five years in
advance, and we must make projections for supply
ing the raw material even earlier.

Until recently most large pearls came from the
South Seas, which had about 3% of the total market
share. About three years ago, when the demand
shifted to large beads, many Japanese pearl farmers
began using the large nucleus. They had very little
experience with culturing very large pearls, the
quality of the beads was often inferior, and the host
animals often rejected them. This shift to larger
pearls has been devastating to many pearl cultiva
tors. In early 1992 pearl prices dropped by 50-60%,
especially for the larger sizes, and these reductions
had a ripple effect on the entire industry. There is a
scramble for stabilization and balance. Suddenly the
bead makers are having difficulty selling their
products, and they in turn cancel or change their
o r d e r s f o r m u s s e l s h e l l s .

Some may disagree, but 1 believe this market
downturn comes at an appropriate time. We have a
chance to get our act together. Now we must concen
trate on the implementation and support of strong
management standards for the protection of this resource.

TLiere has been some discussion that shells from
China and other countries will have a major impact
on our market. At this moment, I see China as a new
market for our shells—not a threat. The Chinese are

seriously taking their place in the cultured pearl
market and find freshwater mussel shells from the
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United States to be the best for making nuclei. Even
today the United States has the best quality freshwa
ter mussel shells in the world.

D i s c u s s i o n

This discussion focuses on the protection of freshwater
mussels from a commercial industry perspective. This
is what I know best. This in no way diminishes the
industry's recognition of the importance of freshwater
mussels to the ecosystem.

This industry faces many difficult problems, some
of which are apparent and recognized by all of you at
this symposium. I believe most people attending
meetings like these are interested in seeing the prob
lems that have been presented solved and that most
recognize the mussel industry as a viable economic
way of life to many people throughout the United
States. In 1991 the value of exported freshwater mussel
shells was approximately $80 million. Of course, these
funds are tumed numerous times, the same as the
payrolls paid to factory workers in communities
throughout the country.

Freshwater mussels are a renewable natural
resource. The key is management and conservation of
their populations. There is no one at this symposium
who feels stronger about this than I. It seems that for
too long we have given lip service to a cooperative
effort to assure the conservation of freshwater mol-
lusks. I have read about many research projects,
including various duplications of effort. What has been
gained? Is it possibly a lack of communication and a
lack of support from some groups who have the most
at stake, induding the commerdal mussel industry?

It appears that many times steps have been
taken but fall short of achieving the results needed,
possibly due to a lack of funding. For example,
sanctuaries are established but no follow-up studies
are conducted. If there is no monitoring of the
sanctuaries, it seems that no useful purpose has been
served. In some cases samples from areas of major
mussel die-offs are inspected and discussed, but no
clear answers are found.

Perhaps some researchers have been discouraged
because they have studied a particular problem and
determined the answer, but due to political processes
or the lack of political processes, no corrective action
has been taken. The conservation of freshwater
mussels has been a very low priority for too long.

The many hazards to freshwater mussels include
pollution (industrial, chemical, municipal, watercraft,
nonpoint source), natural die-offs, viral or bacterial
infections, cold or hot water discharge, sediment from
erosion, sand and gravel dredging, channel dredging,
loss of host fish, bridge construction, barge fleeting,
water fluctuations, and the alteration of the environ

ment by humans—the impoundment of this nation's
waterways. Whether built for flood control, hydroelec
tric power, barge traffic, or even recreational purposes,
the construction of hundreds of dams has inundated
hundreds of thousands of acres of mussel habitat. This
has not only slowed or ceased the flow of water, which
is vital for many mussels but also disrupted the
movement of host fish, thus ensuring the extinction of
many species of mussels. Dams also alter water
temperatures, deplete oxygen, change food supplies,
and change the nature of the river bottom, as Dr.
Stansbery (Ohio State University Museum of Zool
ogy) was once quoted as saying: "restraints on
collecting and possessing mussels are of little value
if the habitat is destroyed."

The harvest of mussel shells is a historical

activity and is vital, I believe, to the mussels' healthy
existence. However, harvesting immature (small)
shells is harmful to the resource, and we must not
allow this practice.

Some states have recognized this problem and
have taken steps to protect mussels until they are past
reproductive age. This is very important, and we
strongly support these efforts by state governments.
We have talked about the various hazards to freshwa
ter mussels from sources outside the industry. In
addition, we must address the issue state by state as to
method of harvest. We believe diving to be the most
selective and least destructive to habitat and to the
resource. Various studies confirm this to be true.

Tennessee Shell is studying the possibility of
sponsoring a repopulation project that will include a
hatchery for growing the young in a protected envi
ronment. The juveniles will then be released to en
hance the population in areas affected by die-offs and
other hazards. I would be happy to hear from anyone
interested in this project.

Not only is the quantity of shells suffering from
the various hazards discussed over the past 15 years
but also the quality of our shells is showing substantial
deterioration each year. A premium quality shell is
very white, with no chalky layers, no brown streaks,
and no splits or separations. We must preserve the
quality as well as ̂ e quantity of this resource.

Communication of information is essential to our
survival. We have started an awareness campaign to
involve buyers, harvesters, and others associated with
our industry in addressing the following issues:

• Why taking immature shells jeopardizes our/
t h e i r f u t u r e .

• Why coexistence with other lake/river users is
important.• Why regulations and their enforcement are
n e c e s s a r y.
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We believe that through these efforts we can en
hance the image of our industry, and this will make
a difference. At the same time, we must make a
difference with regard to those hazards to the
resource outside the control of our industry, such as
chemical pollution and habitat destruction.

Tennessee Shell Company recognizes that
funding is needed to support research as well as
management of the resource. Our company supports
a tax on the mussel industry to increase funding in
each state for management, including studies,
surveys, monitoring and law enforcement. This tax
should be designated specifically for the conserva
tion and protection of die resource.

Briefly, I would like to address some of the concerns
frequently raised about our industry:

1. Our shell buyers are well trained; they know
their shells and know what they are buying. The
harvesters also learn very quickly what the
buyers will and will not accept. There are few
occurrences of the incidental taking of an
endangered species or for trading under
i n c o r r e c t n a m e s .

2. Divers are more cautious today about the taking
of small shells, perhaps because they are forced
to be more cautious by the buyers and by law
enforcement officials. In any case, we can be
effective in controlling sizes and species of shells
sold. We see more concern for the resource by the
harvester today than in the past.

3. Overharvest is very unlikely with proper
regulations and management. Of course, we
cannot go back to the attitudes of the button
manufacturing days—take all and move on.
With tough restrictions, we believe harvesting of
freshwater mussels to be necessary for healthier
populations. Throughout the years I have heard
divers report of harvesting from a bed of shells
15 to 20 years ago that had large numbers of
only very old shells—no young. Today they go
back to the same bed and find many many
young shells and more species diversity.

I invite each of you to visit our shell processing
facility in Camden to see how the shells are in
spected, processed, and shipped. We bring every
shell purchased by Tennessee Shell to this one
location for shipping. This is essential for proper
monitoring and control. My company is willing to
actively assist and cooperate with government
agencies in whatever way necessary to achieve our
common goal: conservation of freshwater mussels!



Seasonal and Spatial Variation in Glochidial Infections of Fish in
the Barren River, Kentucky

Jeffrey L. Weiss and James B. Layzer
U.S. Fish and Wildlife Service, Tennessee Cooperative Fishery Research Unit, Tennessee Technological University, Cookeville

Abstract. We collected 27 species of mussels and 46 species of fish from five 150-m-long sites on
the Barren River. Of 2,510 fish examined, 4.1% were infected with glochidia. Infection rates were
similar (range of 3.6% to 5.5%) among four of the five sites. Only 1.5% of fish examined from the
fifth site were infected. Seasonality of glochidial infections by anodontines and lampsilines
generally concurs with periods reported in the literature. Amblemine glochidia were present on
fish from December through July largely due to an extended period of glochidia release by
Megalonaias nervosa. Most infected fish were collected on sites with high fish species richness.
Mussels were most abundant on sites with an abundant fish fauna.

I n t r o d u c t i o n

The larval stage (glochidium) of most freshwater
mussels is an obligate parasite of fish. Some mussel
species are host-specific, utilizing a single fish
species; others parasitize as many as 25 fish species
(Gordon and Layzer 1989). Obviously, host fish play
a vital role in the life cycle of most mussel species.
However, hosts are known for just slightly more
than 20% of the mussel species in North America
(Fuller 1974).

Mussel subfamilies (Ambleminae, Anodontinae,
and Lampsilinae) differ in length of brooding period
and timing of glochidia release. Most amblemines
are short-term brooders; they spawn in spring and
release glochidia in summer. Lampsilines and
anodontines are long-term brooders and spawn in
late summer and hold glochidia in their marsupia
over winter for release in the spring. However, there
is variation in these reproductive periods within
subfamilies. For instance, Megalonaias nervosa (an
amblemine) reproduces and releases glochidia in the
fall (Howard 1914). Lampsiline glochidia have been
found in stream drift throughout the year (Neves
and Widlak 1988).

The proportion of released glochidia that
successfully attach to fish is very low. Of 4,800 fish
examined by Neves and Widlak (1988) over one
year, only 14% had encysted glochidia. Holland-
Bartels and Kammer (1989) found glochidial infec
tions on 4% of 2,0(X) fish examined from June
through August. Although not all species examined
may have been hosts, these low rates of infection

suggest that host abimdance may play an important
role in determining mussel abundance.

In this study, we examined seasonal and spatial
variation of glochidial infections of fish in a me
dium-sized river with diverse mussel and fish
faunas.

Study Area
The study was conducted on a 5-km reach of the
Barren River downstream of Lock and Dam No. 1 in
Warren County, Kentucky. Water levels in the study
reach are affected by discharges from the dam at
Barren River Lake located 40 km upstream.

The mussel fauna of the Green River drainage,
which includes the Barren River, is among the most
diverse in the United States. Isom (1974) reported 77
species from the drainage; 35 of these species have
been collected from the Barren River (Clench and
van der Schalie 1944). In the most recent study of the
mussel fauna in the Green River drainage, 46 species
were recorded from the Green River within the
Mammoth Cave National Park boundary (Cicerello
and Hannan 1990). Seven of these species
{Cumberlandia monodonta, Cyprogenia stegaria,
Epioblasma rangiana, Obovaria retusa, Pleurobema clava,
P. plenum, and Villosa ortmanni) are federally endan
gered or candidates for listing (U.S. Fish and Wild
life Service 1990).

The ichthyofauna of the Barren River drainage is
diverse. Burr and Warren (1986) report 122 fish
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species from the drainage, including five endemics.
The fish assemblage includes 31 cyprinids, 25
percids, 14 catostomids, and 9 ictalurids.

M a t e r i a l s a n d M e t h o d s

Five 150-m-long sites were established in riffle, nm,
and pool habitats. Fish were sampled monthly from
March through September and bimonthly from
October through February at each of the five sites. A
variety of gear was used depending upon water
levels. Sampling gear included DC electrofishing
equipment, gill nets, hoop nets, and seines.

All fish collected were retained. Large individu
als were put on ice and then frozen within 48 h.
S m a l l i n d i v i d u a l s w e r e fi x e d i n 1 0 % b u f f e r e d
f o r m a l i n i n t h e fi e l d a n d t r a n s f e r r e d t o 7 0 % e t h a n o l
in the laboratory. Fish were examined for glochidial
infections using a dissecting microscope with 10-70x
magnification. Glochidia were removed with a
probe and preserved in 70% ETCH. Length, height,
and hinge length of each glochidium were measured
to the nearest 5 |im with a compound microscope
(lOOx) fitted with an ocular micrometer. Dimensions
of glochidia removed from fish were compared with
those of glochidia obtained from gravid mussels and
to measurements reported in the literature (Surber
1912,1915; Matteson 1948; Yokley 1972; Hoggarth
1988; Waller et al. 1988; Jirka and Neves 1992).

A qualitative assessment of mussel species
composition and abundance was made on each site
by timed diving. Two divers, either snorkeling or
using scuba gear, searched each site for 30 minutes.
All mussels collected were identified to species.

R e s u l t s

Twenty-seven species of mussels were collected in
the study area including the federally endangered
Pleurobema plenum (Table 1). The mussel assemblage
included 13 amblemines, 10 lampsilines, and 4
a n o d o n t i n e s .

A total of 6,753 fish representing 46 species, 16
families, and 11 orders were collected. The fish
fauna was dominated by catostomids (12 species),
centrarchids (9 species), and cyprinids (7 species).
The number of fish collected varied greatly among
months. The steelcolor shiner {Cyprinella whipplei)
was the most abundant species, followed by emerald
shiners (Notropis atherinoides), spotfin shiners
{Cyprinella spiloptera), gizzard shad {Dorosoma
cepedianum), brook silversides {Labidesthes sicculus),
and bluegills {Lepomis macrochirus).

We found glochidia attached to 4.1% of the 2,510
fi s h e x a m i n e d . G l o c h i d i a l i n f e c t i o n r a t e s w e r e

similar among most sites (Table 2). Infection rates
varied among months; the highest incidence of
glochidia infections (41%) occurred in March (Figure
1). We found no glochidia on 729 fish examined in
September and 176 in October. Because we collected
only five fish in February, the absence of attached
glochidia may not be representative.

Seasonality of glochidial infections was evident
for each subfamily (Figure 2). Amblemine glochidia
were found on fish from December through July,
and anodontine glochidia were present on fish from
March through May. Lampsiline infections were
present for an extended period, March through
August.

Table 1. Mussel species collected at five sites in the Barren
River.

Site
1 2 3 4 5

X

X
X X X
X X X X

X X X X X

X

X X X X
X

X X

X X X X X
X X X X X
X X X X

X X

X X

X X X X
X X X
X X X X

X X X X
X X X X

X
X X X

X X X
X

X X

X X X

X X X X
X

2 5 1 1 4 1 0 6 2 6 1 3 4

Subfamily and species
A n o d o n t i n a e

Arddens confragosus
Pyganodon grandis
Uismigona complanala
Lasmigona costata

A m b l e m i n a e
Amblema plicata
Cydonaias tubcrculata
Elliptio crassidens
Fusconaia flova
Fusconaia subrotunda

Megalonaias nervosa
Pleurobema cordatum
Pleurobema plenum
Pleurobema pyramidatum
Pleurobema cocdneum

Quadrula pustulosa
Quadrula quadrula
Tritogonia verrucosa

Lampsilinae
Adinonaias ligamentina
Ellipsaria lineolata
Lampsilis cardium
Lampsilis ovata
Leptodea fragilis
Ligumia recta
Obliquaria reflexa
Polamilus alatits

Ptychobranch us fasdolaris
Trundl la t runcata
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Table 2. Species composition and incidence of glochidial
infections of fish collected from five sites on the Barren
River.

S i t e

1 2 3 4 5

Number of fish col lected 2,106 1,447 1,490 1 6 3 1,530
Number of fish species 28 3 2 3 3 1 9 2 0

Number of fish examined 5 8 0 5 7 0 6 8 4 1 1 1 5 4 7

N u m b e r o f fi s h i n f e c t e d 3 2 2 3 3 5 4 8
Percent infected 5 . 5 4 . 0 5 .1 4 .1 1 .5

M A M
M O N T H

A S

Figure 1. Overall monthly incidence of glochidial infec
tions of fish collected from the Barren River.

The low overall infection rate (4.1%) is nearly
identical to that reported for the upper Mississippi
River (Holland-Bartels and Kammer 1989). How
ever, the Mississippi River investigators examined
only young-of-year fishes and cyprinids collected by
seining from June through August. Fourteen percent
of fish examined from the upper North Fork Holston
River were found infected over a one-year period
(Neves and Widlak 1988).

Observed seasonality of glochidial infections by
anodontines and lampsilines in the Barren River was
similar to that in other streams (Coker et al. 1921,
Yokley 1972, Wiles 1975, Zale and Neves 1982,
Weaver et al. 1991). However, Neves and Widlak
(1988) found lampsiline glochidia in stream drift and
on fish throughout the year. The extended period of
amblemine glochidia infections is a result of the long
period (up to 6 months) of encystment of M, nervosa
glochidia released in the fall (Howard 1914).

Even though spatial variation in overall infection
rates was low, the number of fish carrying infections
on each site was variable. The highest numbers of
infected fish were collected on sites with the highest
fish species richness. The lowest abundance of
mussels and fish occurred on the same site. These
findings suggest that incidence of infection may be
affected by fish diversity and mussel abundance
may be influenced by fish abundance. If so, the
management and conservation of freshwater mus
sels may depend greatly on maintaining an abun
d a n t a n d d i v e r s e fi s h f a u n a .

3 0

M O N T H

Figure 2. Overall monthly incidence of glochidial infec
tions of fish by each mussel subfamily.
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Glochidial Functional Morphology and Rarity in the Unionidae

Michael A. Hoggarth
Otterbein College, Department of Life and Earth Science, Westerville, Ohio

Abstract The vast majority of the Unionidae listed by the federal government as threatened or
endangered arespeciesthathistorically havehad limited distribution and relatively few individu
als. Furthermore, many species believed to have recently become extinct, and those closest to
extinction today, have always been rare and therefore highly susceptible to extinction. It is not
surprising that rarity in the Unionidae, as in other listed species, correlates with small initial
population size. It is also well known that the transfer of glochidia from female to host is a period
of significant mortality and that natural selection has resulted in different strategies for achieving
this transfer. During the present study, the structure of the glochidial valve, its proportions, and
the size and placement of the glochidial adductor muscle were examined to determine whether
glochidial structure is related to rarity among the Unionidae. It was found that the majority of rare
species have similar glochidial valve morphology. These glochidia are adapted for holding on
tightly to the host once initial contact has occurred. However, this seemingly positive attribute has
apparently resulted in lower numbers of initial contacts by reducing the sweep and resting gape
of the glochidial valve. It appears that this glochidial morphology affects the rate of successful
parasitic encounters, thereby reducing recruitment.

I n t r o d u c t i o n

Nearly 100 years ago Call (1900) presented a table
showing the distribution of the Unionidae of Indi
ana. An examination of that table, and similar
distributional data from other sources (e.g., Wilson
and Clark 1912), reveals that many of the species
with limited distribution at the turn of the century
are on the federal list of endangered species, are
being considered for federal listing (Federal Register
1989), or are presumed extinct today (Stansbery
1971). Furthermore, when one reads the account of a
rare species such as Unio sulcatus {=EpiobIa$ma
obliquata perobliqua), one finds that not only did the
species have a very limited distribution in Indiana,
but even where it occurred, it was scarce.

If many of the species we now consider to be
rare enough to provide protection as endangered or
threatened species have always been rare or had
very limited distributions in ̂ e past, then we
should ask what factors contributed to their rarity.
Certainly, no single factor is responsible for differen
tial population densities among species or for
limiting the distribution of a species. Nevertheless, it
is important to identify as many factors affecting
recruitment as possible to better protect the species
i n t h e f u t u r e .

One stage of the unionid life cycle that is espe
cially vulnerable is the glochidium. Although every

adult unionid mollusk represents a successfully
transformed glochidium, less than 1% of the larvae
released by a female survive to reproduce (Young
and Williams 1984). This has resulted in consider
able selective pressure, producing much variation in
morphological adaptation (Hoggarth 1988) and
different methods for gaining attachment to the host
(Hoggarth and Gaunt 1988).

Hoggarth and Gaunt (1988) suggest that
glochidia use one of two methods of attachment to
the host. Those with long resistance arms and short
force arms emphasize area of sweep during valve
adduction, and those with short resistance arms and
long force arms emphasize strength of valve adduc
tion. Glochidia in the first group sacrifice adductor
muscle strength for greater valve gape and area of
sweep; these glochidia are mostly gill parasites, for
which holding on may be less important than
ensuring initial attachment. Glochidia in the second
group sacrifice initial valve gape and area of sweep
for the ability to hold on tightly; these glochidia
attach to external surfaces of their hosts and hold on
until they are encapsulated by host tissue. This
group is composed primarily of the anodontine
glochidia. The purpose of the present study was to
determine whether mode of glochidial attachment is
related to rarity in the Unionidae.

Conservation and Management of Freshwater Mussels: Proceedings of a UMRCC Symposium



Hoggarth: Glochidial Functional Morphology and Rarity in the Unionidae 7 7

M a t e r i a l a n d M e t h o d s

The length and height of 106 species of unionid
glochidia and of the glochidium of Cumberlandia
monodonta (Say 1829) (Margaritiferidae) were
compiled from Lefevre and Curtis (1910), Surber
(1912,1915), Ortmann (1912,1919), Howard (1914),
Utterback (1915-1916), Zale and Neves (1982), and
Hoggarth (1988), The appendix lists the morphomet-
ric data compiled for this study. Those species
currently listed as Category 2 species (Federal
Register 1989) are indicated by an asterisk. Those
that are currently listed as endangered at the federal
level or presumed extinct (Stansbery 1971) are marked
by two asterisks. Electron micrographs of selected
glochidia of federally endangered species were
prepared according to the method of Hoggarth (1988).

R e s u l t s

Valve height minus valve length was zero or less for
37 of 107 species of glochidia studied. These species
represent the morphologically depressed glochidia.
Of this group, nine (24%) are endangered or extinct
(Figure 1). If category 2 species are included, the
percentage of rare species with morphologically
depressed glochidia increases to 16, or 43%. Of the
70 species of glochidia examined with long resis
tance arms, only 5 (7%) are currently on the endan
gered species list (Federal Register 1991). When
category 2 taxa are added, this number increases to
7, or 10%. Although these data only represent
approximately one-third of the known species of
North American Unionidae, they do demonstrate
that a disproportionately large number of rare
species have morphologically depressed glochidia.
The glochidia of Alasmidonta heterodon, Cyprogenia
stegaria, Dramas dromus, and all of the members of
the genus Epioblasma (e.g., £. brevidens, E. rangiana,
E. capsaeformis), all currently listed as federally
endangered species, demonstrate the morphological
depression of these glochidia (Figure 2).

D i s c u s s i o n

Glochidia are essentially third class-levers in which
the valves form the lever arms, the single adductor
muscle produces the force, and the hinge acts as the
fulcrum. Changing either the relative proportions of
the lever arms or the dorso-ventral placement of the
adductor muscle has significant functional conse
quences (Hoggarth and Gaunt 1988). A long resis
tance arm and dorsally placed adductor muscle
(short force arm) provides large initial valve gape
and maximum area of sweep during valve adduc
tion. A short resistance arm and ventrally placed
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Figure 1. Distribution of glochidial valve depression and
elongation. Glochidia with height - length values of zero
or less represent the morphologically depressed form, and
glochidia with values above zero represent the elongate
form. The shaded area shows the number of federally
endangered and/or presumed extinct species with the
height - length value indicated. Nine of 37 morphologi
cally depressed glochidia examined are extinct or are
listed as endangered. Five of 70 elongate glochidia
examined are listed as endangered.

adductor muscle (long force arm) limits area of
sweep and initial valve gape but provides maximum
strength of adduction, especially if the adductor
muscle has a large cross-sectional area. The tradeoff
for glochidia is holding on tightly once attachment
has been gained versus increasing the opportunity
for initial attachment by sweeping a large area
during each valve adduction.

The majority of glochidia that are morphologi
cally depressed attach to the exterior surface of the
fish (anodontine glochidia). These glochidia have
relatively large, ventrally placed adductor muscles.
Dartnall and Walkey (1979) and Dudgeon and
Morton (1984) have shown that anodontine
glochidia attach most often to the fins fish use in
active swimming. These same fins would produce
the most turbulence. This turbulence would tend to

dislodge a glochidium and explains why many
anodontine glochidia have become adapted to
holding on tightly once initial contact with host
t i ssue has been made .

Still, this seemingly positive attribute (holding
on tightly to the host) can only be realized if there is
initial attachment. The probability of initial attach
ment is lessened, however, due to the reduced area
of valve sweep and reduced initial valve gape.

These functional consequences appear to be
correlated with rarity in the Unionidae. A dispropor
tionately large percentage of the rare species have
glochidia with short resistance arms. Fewer species
with glochidia adapted for large initial valve gape
and wide sweep during valve adduction are rare



7 8 Conservation and Management of Freshwater Mussels: Proceedings of a UMRCC Symposium

even though many more species use this attachment
strategy. This suggests that species having glochidia
with short resistance arms are less successful at least

partly because of that attribute. It is not suggested
that this is the only contributing factor, but that it
may be responsible for much of the continuing
decline in a population once numbers of breeding
adults reaches a critically low level. The members of
the genus Epioblasma may provide our best example
of this effect. If members of this genus, as well as
those of Cyprogenia and the Alasmidontini with
morphologically depressed glochidia, are to be
preserved, it is imperative that steps be taken to
preserve these species before they cross the thresh
old of declining population size. Their glochidial
morphology may never allow them to regain their
population status once they are in decline.
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Length (L), height (H), and height minus length (H-L) for
glochidia of various species (all values in micrometers).
S p e c i e s L H H - L S o u r c e
C u m b e r l a n d i a m o n o d o n t a * 5 0
A n o d o n t a c y g n e a 3 5 0
A n o d o n t a a n a t i m 3 6 0
Anodonta beringiana 290
Anodon ta kenne r l y i 350
A n o d o n t a g r a n d i s 3 6 0
A n o d o n t a c a t a r a c t a 3 8 0
A n o d o n t a i m p l i c a t a 3 4 0
A n o d o n t a s u b o r b i c u l a t a 3 3 0
A n o d o n t a i m b e c i l l i s 3 0 0
Anodontoides ferussacianus 320
Simpsonaias ambigua* 260
Strophitus undulatus 360
Strophi tus subvexus 350
A l a s m i d o n t a v i r i d i s 3 1 0
A l a s m i d o n t a h e t e r o d o n * * 3 3 0
A l a s m i d o n t a u n d u l a t a 3 5 0
Alasmidonta marginata 340
P e g i a s f a b u l a * * 3 8 0
A r c i d e n s c o n f r a g o s u s 3 6 0
Lasmigona complanata 290
L a s m i g o n a c o s t a t a 3 4 0
Lasmigona compressa 320
Lasmigona subviridis 370
Lasmigona holstonia* 290
Q u a d r u l a q u a d r u l a 8 0
Quadru la cy l ind r i ca 190
Quadrula metanevra 180
Q u a d r u l a n o d u l a t a 2 0 0
Quadru la pus tu losa 230
Tr i t ogon ia ve r rucosa 90
A m b l e m a p l i c a t a 2 1 0
Cyclonaias tuberculata 290
Plethobasus cyphysus 220
F u s c o n a i a e b e n a 1 4 0
F u s c o n a i a / l a v a 1 6 0
Plectomerus dombeyana 230
Quincuncina infucata 240
P l e u r o b e m a c l a v a * * 1 6 0
P l e u r o b e m a s i n t o x i a 1 6 0

P l e u r o b e m a c o r d a t u m 1 6 0

E l l i p t i o c r a s s i d e n s 1 3 0
E l l i p t i o d i l a t a t a 2 2 0
Un iomerus te t ra lasmus 160
Megalonaias nervosa 260
Megalonaias boykiniana 250
Ptychobranchus fasciolaris 170
Ptycbobranch us occiden tal is 200
Ptychobranchus greeni 190
Ptychobranchus subtentum 190
O b l i q u a r i a r e fl e x a 2 2 0
Cyprogenia stegaria** 210
C y p r o g e n i a a b e r t i * 2 1 0
D r o m u s d r o m a s * * 2 2 0
Actinonaias pecterosa 250
Actinonaias ligamentina 220
O b o v a r i a r e t u s a * * 2 2 0
O b o w r i a o l i v a r i a 2 0 0
O b o v a r i a s u b r o t u n d a 1 8 0
Obovaria jacksoniana 180

0 S u r b e r 1 9 1 5
0 Hoggarth 1988

-10 Hoggarth 1988
0 Hoggarth 1988

-10 Hoggarth 1988
0 Hoggarth 1988

-20 Hoggarth 1988
10 Hoggarth 1988

-10 Hoggarth 1988
0 Hoggarth 1988
0 Hoggarth 1988
0 Hoggarth 1988

-60 Hoggarth 1988
-60 Hoggarth 1988
-60 Hoggarth 1988
-60 Hoggarth 1988
20 Hoggarth 1988
30 Hoggarth 1988

-60 Hoggarth 1988
10 Hoggarth 1988
10 Hoggarth 1988
30 Hoggarth 1988

-30 Hoggarth 1988
-60 Hoggarth 1988
-10 Hoggarth 1988

1 0 H o w a r d 1 9 1 4
0 O r t m a n n 1 9 1 9

2 0 S u r b e r 1 9 1 2
5 0 S u r b e r 1 9 1 2
6 0 S u r b e r 1 9 1 2
10 Hoggarth 1988
1 0 O r t m a n n 1 9 1 2
7 0 S u r b e r 1 9 1 2

- 2 0 S u r b e r 1 9 1 2

1 0 L . & C . 1 9 1 0
0 S u r b e r 1 9 1 2

20 Hoggarth 1988
40 Hoggarth 1988

0 O r t m a n n 1 9 1 2
0 S u i b e r 1 9 1 5
0 S u r b e r 1 9 1 2

2 0 O r t m a n n 1 9 1 2
0 Hoggarth 1988

50 Ut te rback 1915
90 Hoggarth 1988

100 Hoggarth 1988
20 Hoggarth 1988
40 Hoggarth 1988
40 Hoggarth 1988
50 Hoggarth 1988
0 Hoggarth 1988

-40 Hoggarth 1988
-60 Hoggarth 1988

-100 Hoggarth 1988
20 Hoggarth 1988
4 0 S u r b e r 1 9 1 2
60 Hoggarth 1988
60 Hoggarth 1988
20 Hoggarth 1988
60 Hoggarth 1988
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Appendix (continued)
Species L H H - L Sou rce

Obovaria unicolor 1 7 0 2 3 0 60 Hoggarth 1988
Ellipsaria lineolata 2 4 0 3 2 0 80 Hoggarth 1988
Leplodea fragilis 7 0 8 0 1 0 Hoggarth 1988
L̂ todea ochracea 2 4 0 2 9 0 5 0 Hoggarth 1988
PotamUus ohiensis 1 2 0 1 8 0 6 0 Hoggarth 1988
Potamilus amphichaena* 11 0 1 7 0 6 0 Hoggarth 1988
PotamUus alatus 2 2 0 3 8 0 1 6 0 Hoggarth 1988
PotamUus purpuratus 2 0 0 3 5 0 1 5 0 Hoggarth 1988
PotamUus capax** 11 0 1 9 0 8 0 Hoggarth 1988
TruncUla truncata 8 0 9 0 1 0 L. & C. 1910
Truncilla donacifdrmis 6 0 6 0 0 S u r b e r 1 9 1 2
Toxolasma parvus 1 7 0 2 0 0 3 0 S u r b e r 1 9 1 5
Medionidus conradicus 2 2 0 2 7 0 5 0 Z . & N . 1 9 8 2

Venustaconcha ellipsiformis 2 3 0 2 9 0 6 0 Hoggarth 1988
Ligumia recta 2 1 0 2 6 0 5 0 Hoggarth 1988
Ligumia nasuta 2 5 0 2 9 0 4 0 O r t m a n n 1 9 1 2

Ligumia subrostrata 2 7 0 3 3 0 6 0 S u r b e r 1 9 1 2
VUlosa fabalis* 1 7 0 2 0 0 3 0 Or tmann 1919
Vil losa trabalis** 2 1 0 2 8 0 7 0 Hoggarth 1988
VUlosa villosa 2 5 0 3 0 0 50 Hoggarth 1988
Villosa vibex 2 3 0 3 0 0 7 0 Hoggarth 1988
Villosa iris 2 3 0 3 0 0 7 0 Hoggarth 1988
Villosa nebulosa 2 2 0 2 9 0 7 0 Z . & N . 1 9 8 2

Vil losa taeniata 2 2 0 2 7 0 50 O r t m a n n 1 9 1 2
Vi l losa vanuxemi 2 2 0 3 0 0 8 0 Z. & N. 1982
Villosa lienosa 2 0 0 2 7 0 7 0 O r t m a n n 1 9 1 2

Lampsilis teres 190 2 6 0 7 0 Hoggarth 1988
Lampsilis anodontoides 2 0 0 250 5 0 Hoggarth 1988
Lampsilis radiata 2 6 0 3 0 0 4 0 Hoggarth 1988
Lampsilis siliquoidea 2 3 0 290 6 0 Hoggarth 1988
Lampsilis abrupta*' 2 1 0 2 5 0 4 0 Hoggarth 1988
Lampsilis higginsP* 2 2 0 260 4 0 Hoggarth 1988
Lampsilis ovata 2 3 0 270 4 0 Hoggarth 1988
Lampsilis satura 2 2 0 2 7 0 5 0 Hoggarth 1988
lampsilis ornala 2 0 0 2 6 0 6 0 Hoggarth 1988
Lampsilis cardium 2 5 0 2 8 0 3 0 Hoggarth 1988
Lampsilis breviculata 240 2 9 0 5 0 Hoggarth 1988
Lampsilis crocata 2 4 0 2 9 0 5 0 Hoggarth 1988
Lampsilis cariosa 2 4 0 3 1 0 7 0 Hoggarth 1988
Lampsilis fasciola 2 5 0 2 9 0 4 0 Hoggarth 1988
Epioblasnm triquetra 2 1 0 2 1 0 0 Hoggarth 1988
Epioblasma brevidens* 2 2 0 2 1 0 - 1 0 Hoggarth 1988
Epioblasma capsaeformis* 2 5 0 2 3 0 - 2 0 Hoggarth 1988
Epioblasnm rangiana** 2 5 0 2 3 0 - 3 0 Hoggarth 1988
Epioblasnm haysiana** 2 4 0 2 3 0 - 1 0 O r t m a n n 1 9 1 2

Epioblasnm obliquata** 2 0 0 2 0 0 0 S u r b e r 1 9 1 2

Epioblasnm florentina** 2 3 0 2 2 0 - 1 0 O r t m a n n 1 9 1 2

Nomenclature follows Turgeon et al. (1988). L. & C. = Lefevre and
Curtis; Z. & N. = Zaie and Neves.
• Category 2 species.

** Federally endangered or presumed extinct.



Conservation of Crit ical Habitat for Freshwater Mussels in North
C a r o l i n a

John M. Alderman and William F. Adams
North Carolina Wildlife Resources Commission, Raleigh
U.S. Army Corps of Engineers, Wilmington, North Carolina

Abstract Regulations have now been established to expand protection of Critical Habitats for
state and federally listed endangered and threatened tnollusks in North Carolina. The process for
protecting these Critical Habitats occurs in three major steps. First, after statewide public hearings
to allow for citizen input, the Wildlife Resources Commission adopts areas as Critical Habitats
based on recommendations from its Nongame Wildlife Advisory Committee. Next, the Wildlife
Resources Commission recommends to the Environmental Management Commission that the
Critical Habitats be protected as High Quality Waters. Finally, after considering both environmen
tal and economic concerns expressed by citizens at statewide public hearings, the Environmental
Management Commission reclassifies some or all of the areas as High Quality Waters. High
Quality Waters receive special protection from the state. Within 1 mile of a High Quality Water,
strict sedimentation and storm water controls are required. Significantly improved wastewater
treatment is required, and the total volume of treated wastewater for all discharges combined will
not exceed 50% of the total instream flow under 7Q10 conditions. No single-family, package
sewage treatment plants are allowed in High Quality Waters areas.

I n t r o d u c t i o n

Thirty-three freshwater mussel species are presently
listed as endangered, threatened, or species of
special concern in North Carolina. Three of these
species are on the federal list as endangered, and
another 11 are federal candidate species (category 2).
These animals are declining in abundance and range
throughout North Carolina.

Although various statutes and associated
regulations exist that could be used to help conserve
aquatic species, the reality is that we continue to see
dramatic declines in mussel populations in our state.
We hope that the identification of aquatic Critical
Habitats as High Quality Waters will allow better
conservation of the associated species.

M e t h o d s

Although the North Carolina Wildlife Resources
Commission can designate Critical Habitats for
various animal species, there are no provisions in
the state's endangered species act that provide
protection for the identified Critical Habitats.
However, it was recognized that the federal Clean
Water Act and the state's Antidegradation Policy
could be used to protect aquatic Critical Habitats as
High Quality Waters.

In North Carolina, Critical Habitats are desig
nated by the Wildlife Resources Commission, and
High Quality Waters are designated by the Environ
mental Management Commission. During the past
year, both commissions have adopted definitions
and rules in the North Carolina Administrative
Code which allow for the conservation of aquatic
Critical Habitats as High Quality Waters. Public
hearings were required by both commissions before
the definitions and rules were adopted.

According to Wildlife Resources Commission
definition, a Critical Habitat is any habitat which is
considered essential for the continued survival of an
endangered or threatened wildlife species. Critical
Habitats are recommended for Wildlife Resources
Commission adoption by the Nongame Wildlife
Advisory Committee based on sound biological
evidence. Critical Habitats include those areas
within the geographic area occupied by the species
on which are found those physical or biological
features that are essential to the conservation of the
species and that may require special management
considerations or protection. Part of a Critical
Habitat may also include specific areas outside the
geographic area occupied by the species that are
determined to be essential for the conservation of

Conservation and Management of Freshwater Mussels: Proceedings of a UMRCC Symposium
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the species. Critical Habitats do not include the
entire geographic area that can be occupied by the
threatened or endangered species unless the man
agement and protection of this area has been deter
mined to be essen t i a l f o r t he conse rva t i on o f t he

species. As can be seen, these definitions mirror the
f e d e r a l d e fi n i t i o n o f C r i t i c a l H a b i t a t .

Critical Habitat, as defined by the Environmen
tal Management Commission, is any area considered
essen t i a l f o r t he con t i nued ex i s t ence o f an endan

gered or threatened species, and which is so desig
nated by the Wildlife Resources Commission for
animals or the North Carolina Department of
Agriculture for plants.

The Environmental Management Commission's
rules state that a water body listed as High Quality
Water must meet one of the following criteria:

1. Biological and physical/chemical characteristics
mus t be ra ted as exce l l en t .

2. The water body is designated by the Wildlife
Resources Commission as Native or Special
N a t i v e T r o u t W a t e r s .

3. The Marine Fisheries Commission or the
Wildlife Resources Commission has designated
the water body as a Primary Nursery Area.

4. The water body is designated as Critical Habitat
by the Wildlife Resources Commission or the
Department of Agriculture.

5. The water body is classified as a Water Supply
w a t e r s h e d .

6. The water body is classified as a Shellfishing Area.

The Environmental Management Commission
will not allow degradation of the quality of High
Quality Waters below the water quality necessary to
maintain existing uses. Therefore, special procedures
have been implemented:

1. Discharges from single-family residences will be
prohibited.

2. In general, new industrial process wastewater
discharges are not allowed.

3. New domestic and nonprocess industrial
dischargers must meet advanced wastewater
treatment requirements, which include a failsafe
treatment design with standby power capability
for the entire treatment works, dual train design
for all treatment components, or equivalent
failsafe treatment designs.

4. The total volume of treated wastewater for all

discharges combined will not exceed 50 percent
of the total instream flow under 7Q10 conditions.

5. Land within 1 mile of and draining to a High
Quality Water can be developed under a low
density or high density option. Under the low

density option, minimum lot size is 1 acre for
single-family developments, and other types of
developments are limited to 12% built-upon area.
Under the high-density option, higher density
developments will be allowed if stormwater
control systems utilizing wet detention ponds are
constructed and maintained. Addit ional runoff
control measures may be required.

With these definitions and rules in place, the
Wildlife Resources Commission is now considering
the adoption of 34 water bodies as aquatic Critical
Habitats. These proposed Critical Habitats are found
in each of the physiographic regions of the state.
Critical Habitats include the Little Tennessee River
Basin, the New River Basin, the Waccamaw River
Basin and tributaries of the Catawba, Pee-Dee, Cape
Fear, Neuse and Tar river basins. Once these areas
are designated as Critical Habitats, the Wildlife
Resources Commission will request High Quality
Waters protection for these areas from the Environ
mental Management Commission.

D i s c u s s i o n

High Quality Waters designations do not provide
complete protection of aquatic Critical Habitats.
Agricultural, forestry, and transportation activities
are not addressed by High Quality Waters rules.
However, the Wildlife Resources Commission hopes
to encourage the adoption of Best Management
Practices that will limit impacts to aquatic Critical
Habitats in the future. The High Quality Waters
rules do not address water intakes, diversions,
irrigation, or reservoirs; however, under the state's
antidegradation policy, these activities must not
impair water quality or remove the classified uses.
Therefore, aquatic Critical Habitats that are pro
tected as High Quality Waters should be protected
from such uses in the future.

Summary
During the past 20 years, significant degradation of
aquatic habitats and loss of diversity have been
documented in North Carolina as a result of point
and nonpoint sources of pollution. When possible,
the Nongame Wildlife Advisory Committee has
recommended several areas as Critical Habitat for
state-listed endangered and threatened aquatic
species. The goal is to maintain viable populations of
these species in each river basin throughout the
species' ranges. Then, when future water quality
improves, the species can expand into their former
ranges and ultimately be delisted.



Reviewing the Status of Your State's Molluscan Fauna: The Case
for a Systematic Approach

William F. Adams and John M. Alderman
U.S. Army Corps of Engineers, Wilmington, North Carolina
North Carolina Wildlife Resources Commission, Raleigh

Abstract Prior to passage of North Carolina's Endangered Species Act in 1987, the state did not
have an acceptable list of threatened mollusks because previous unofficial lists had relied only on
cursory reviews of the fauna. After passage of the Act, a Scientific Council on Freshwater and
Terrestrial Mollusks was established to determine which species should be listed. The Council
used a systematic approach, developing a checklist of every species of freshwater and terrestrial
mollusk known to occur in the state and reviewing the status of each. Through this process, the
known species of concern increased markedly, and additional attention was easily focused on
species of undetermined status. Widespread application of this type of process would be valuable
in directing future conservation efforts.

I n t r o d u c t i o n

Many state legislatures have passed state endan
gered species acts within recent years. Species are
supposedly placed on these lists based on the best
available information. In reality, they are usually
listed after contacting knowledgeable individuals
who give their opinions or impressions as to what
has become rare in recent years. The net effect of
such an approach is that species which are not being
studied or sought by these investigators will never
get listed because nobody will notice ongoing
population declines.

Recognizing the potential for this to happen in
North Carolina, we approached the listing process in
a systematic manner. A Scientific Council on Fresh
water and Terrestrial Mollusks was established and
was composed of persons actively involved with the
study of mollusks in the state. The Council first
developed a checklist of all the freshwater and
terrestrial mollusks ever known to occur in North
Carolina. A status evaluation was then focused on
each species on the list. The State of North Carolina
has responded to the efforts of the Council by
officially listing all species that have been recom
mended. This listing process has been followed by a
concerted effort to acquire more information on
species distribution and status and to put quality
control measures into place for future survey work.
An improved database should increase the accuracy
of future status assessments.

M e t h o d s

Creating the North Carolina Checklist
Given the desire for a thorough assessment of North
Carolina's freshwater and terrestrial mollusks, the
first task was to create a checklist of species known
to occur, or to have once occurred, in the state. For
vertebrates, such lists have been common for
decades, but, as is typical for invertebrates, we had
catching-up to do. Without such a list, certain
species probably would have been overlooked, with
the result that some species in need of institutional
protection would not have received it. In addition,
there was a desire on the part of the Council to make
information on the mollusks as available to the
public as it is for the vertebrates. Indeed, we knew
that mollusk conservation efforts would never
succeed unless this goal was met.

Compilation of the state checklist was the most
difficult and time-consuming task faced by the
Council, spanning about 18 months and requiring
countless interlibrary loans, phone calls, and letters.
The major information sources used fall into the
following categories.
Literature review—^A thorough review of the literature
proved to be quite productive and interesting because
some taxa that we had never seen in North Carolina
were found to have been recorded from the state
historically. Additionally, data on trends can be
obtained from the literature; in many cases, evidence is
given that some taxa were far more widespread and
abundant in the past than they are today.

Conservation and Management of Freshwater Mussels: Proceedings of a UMRCC Symposium
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Museum records—^Museum records were sought only
from institutions with major holdings of North
Carolina material. Gathering records from every
museum with holdings from North Carolina would be
a major undertaking and was not possible under the
time frame in which we were operating. However, we
believe that such a task would be an extremely inter
esting and profitable exercise and have placed it on
our list of tWngs to do.

Records of committee members—^Personal collection
records proved to be very valuable, providing our only
records for some taxa.

Correspondence with other researchers-certain
groups are poorly published due to their taxonomic
difficulty (e.g., Sphaeriidae) and, for the same
reason, are frequently under-represented in museum
collections. Through necessity, outside help was
sought for these groups.

Throughout the list formulation process, a con
tinual effort was required to stay taxonomically
current. Much of the historical literature uses names
now considered junior synonyms, making nomencla
ture a major concern and problem in the list making
process. It was not unusual to find reference to a
species being collected in the state and have only the
vaguest idea using current names which species was
actually found. Fortunately, for the south Atlantic
slope Unionidae, Johnson (1970) provided a fairly
complete listing of junior synonyms for each species,
making the task fairly easy for that group.
Status Assessment

Since the Council was composed only of persons doing
active research in North Carolina, we were assured
that current data on stream conditions, land use, and
population response would be available for consider
ation. Although many other researchers have worked
in portions of the state in the past, conditions for
moUusks have changed so rapidly that we believe only
a recent working knowledge is reliable in assessing
status. For information on assessing historic popula
tions and possible causes for observed trends, outside
experts were consulted as necessary.

The Coundl met for two days in May 1989, with each
member bringing the state checklist and whatever data
and reports they believed would be useful in making
status determinations. Agreement on our status
definitions was necessary because each person's concept
of the meaning of the listing categories varied slightly.
The final definitions agreed upon were as follows:

Endangered—^Species in danger of extirpation from
North Caro l ina.

Threatened—Species likely to become endangered in
North Carolina in the near future.

Special concern—^Species that have significantly
declined or have restricted ranges in North Carolina
but do not yet warrant a more restrictive status.

Status undetermined—Species that cannot be
adequately assessed due to insufficient information.

Common—Species that have wide-ranging habitat
in the state and that can be easily found in that
h a b i t a t .

Extinct—^Species no longer found in North Carolina
or any other locale.

Extirpated—Species no longer found in North
Carolina but still found in other areas.

Probable—Species with ranges that encompass
North Carolina but not yet recorded for the state.

Possible—Species with ranges that approach North
Carolina and may extend into it but not recorded in
the state.

Introduced—^Species imported into North Carolina
that may or may not be permanently established as a
part of the state's fauna.

Subcategories
Two subcategories, "restricted" and "peripheral,"
were established by the Council. When appropriate,
these subcategories were used in conjunction with
major categories to explain the placement of the
taxon in that category. "Restricted" (R) refers to a
species that was determined to be of concern solely
because it has a very restricted range, part of whidi
occurs in North Carolina. In instances in which
additional threats to the species were identified, this
subcategory was not used. "Peripheral" (P) refers to
a species with a large range that occurs primarily
outside of North Carolina but with a small portion
of its range extending into the state. When this
subcategory is used, the major category (e.g., special
concern) applies only to the North Carolina portion
of its range.

Once the status assessment process was com
pleted, Council members prepared species accounts
for each species listed as endangered, threatened, or
of special concern, explaining the reasons for its
listing. In addition, abbreviated accounts were
prepared for species of undetermined status.
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R e s u l t s

Prior to the effort of the Council, the 1975 mollusk
committee convened by the North Carolina State
Museum of Natural Sciences determined that 28
species of freshwater or terrestrial mollusks were
either endangered, threatened, of special concern, or
of undetermined status. At the time that number
seemed high, equaling roughly 10% of the state's
known fauna (Fuller 1977). Today, we know that
that number was, in actuality, too low. The number
of species recommended for listing by the Council,
excluding species of undetermined status, was 71,
equaling almost one-fourth of the state's 301 known
species. Breakouts for the major groups were as
follows: 53% of the Unionidae, none of the
Sphaeriidae, 11% of the freshwater gastropods, and
17% of the land snails. If the species of undetermined
status were included in this t̂ y, the species of concem
would swell to over one-half of the state's fauna.

The following freshwater species were recom
mended for listing by the Council. For species of
u n d e t e r m i n e d s t a t u s a n d o u r a s s e s s m e n t o f t h e l a n d

snails, see Adams et al. (1990).

Endangered (2 snails, 11 mussels)

Gastropoda
P l e u r o c e r i d a e

Goniobasis (= Elimia) interrupta (Haldeman, 1840)
— knotty elimia

P l a n o r b i d a e
Planorbella magnifica (Pilsbry, 1903)
— magnificent rams-hom

Bivalv ia — Unionidae
A m b l e m i n a e

Fusconaia barnesiana (1. Lea, 1838) — Tennessee
pigtoe

Tritigonia verrucosa (Rafinesque, 1820) —
pistolgrip
Elliptic juditliae Clarke, 1986 — Neuse slabshell

Elliptic steinstansana Johnson & Clarke, 1983 —
tar spinymussel

A n o d o n t i n a e

Lasmigcna deccrata (I. Lea, 1852) — Carolina
heelsplitter
Lasmigcna hclstcnia (1. Lea, 1838) — Tennessee
heelsplitter
Lasmigcna subviridus (Conrad, 1835) — green
fl o a t e r

Alasmidonta hetercdcn (I. Lea, 1829) — dwarf
wedgemussel
Alasmidonta raveneliana (I. Lea, 1834) —

Appalachian elktoe
Alasmidonta viridis (Rafinesque, 1820) —
slippershell mussel
Ancdcnta ccuperiana I. Lea, 1840 — barrel
fl o a t e r

Threatened (1 snail, 12 mussels)

Gastropoda — Pleuroceridae
Leptcxis dilatata (Conrad, 1835) — seep mudalia

B i v a l v i a — U n i o n i d a e
A m b l e m i n a e

Fusconaia masoni (Conrad, 1834) — Atlantic
pigtoe
Elliptic lanceclata (I. Lea, 1828) — yellow lance
Elliptic marsupiobesa Fuller, 1972 — Cape Fear
spike
Elliptic rcanckensis (1. Lea, 1836) — Roanoke
s l a b s h e l l

Elliptic waccamawensis (I. Lea, 1863) —
Waccamaw spike

A n o d o n t i n a e
Alasmidonta undulata (Say, 1817) — triangle
fl o a t e r

Alasmidonta variccsa (Lamarck, 1819) — brook
fl o a t e r

Strcphitus undulatus (Say, 1817) — squawfoot
Lampsilinae

Tcxclasma pullus (Conrad, 1838) — Savannah
lilliput
Villcsa vanuxemensis (I. Lea, 1838) — mountain
c r e e k s h e l l

Lampsilis caricsa (Say, 1817) — yellow
lampmussel
Lampsilis fidlerkati R. I. Johnson, 1984 —
Waccamaw fa tmucke t

Special Concem (3 snails, 10 mussels)

Gastropoda
Hydrobiidae

Cincinnatia sp. (Lake Waccamaw endemic)
Amniccla sp. (Lake Waccamaw endemic)

Ancylidae
Ferrissia henderscni (Walker, 1908) — blackwater
ancylid

Bivalv ia — Unionidae
A m b l e m i n a e

Elliptic dilatata (Rafinesque, 1820) — spike
Elliptic fclliculata (I. Lea, 1838) — pod lance

A n o d o n t i n a e
Ancdcnta implicata Say, 1829 — alewife floater
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Lampsilinae
Villosa nebulosa (Conrad, 1834)—Alabama
r a i n b o w

Villosa vaughaniana (1. Lea, 1838) — mountain
c r e e k s h e l l

Ugumia nasuta (Say, 1817) — eastern pondmussel
Leptodea crocata (1. Lea, 1841) — Waccamaw
lampmussel
Leptodea ochracea (Say, 1817) — tidewater mucket
Lampsilis fasciola Rafinesque, 1820 — wavy-
rayed lampmussel
Lampsilis radiata (Gmelin, 1791) — eastern
lampmussel

D i s c u s s i o n

At the end of our review process, every Council
member was surprised at the number of species that
ended up on the list; everyone had known the
situation for our mollusks was bad but no holistic
view had been available. Moreover, it became
apparent for the first time that, in large measure, the
mussel species of North Carolina were disappearing
by genus, with Lasmigona and Alasmidonta going
first, being closely followed by Lampsilis.

It was clear to the Council that basic population
monitoring for virtually all of our species was ne
glected prior to 1988. Moreover, most researchers have
not looked for "missing" taxa, those found in the state
many years ago but which have since been unre
ported. The systematic process that the Council
followed focused attention on these species that we
otherwise would not have considered or even known
to have once occurred in the state. In most cases, we
were left with little choice but to list these species as
statiis "undetermined" until more detailed surveys can
be done. We expect our list of species to increase as
focused research answers some of the status questions
raised during our analysis. The undetermined status
category alone provides enough research questions for
many careers and will very likely produce most of our
new listings in coming years.

During the course of the Council's deliberations,
discussions migrated with great frequency to the
theme of what needed to be done to make similar
evaluations easier in the future. The following
recommendations were made to the state as a result
of these deliberations. Few have been implemented
to date, primarily for budgetary reasons. However,
they are offered here in the hope that they will be of
use to others.

1. A comprehensive statewide mollusk survey
should be performed and the habitat niches of

rare species defined. Such surveys should be
performed in a systematic manner and, for
terrestrial species, should be systematically
directed to habitat types, defined on the basis of
soils, hydrology, vegetation, elevation, etc. In
addition, habitat and population monitoring
that specifically targets mollusks should be
undertaken. Without it, the cryptic nature of
mollusks almost assures that deterioration of
their habitats will go largely undetected. This
monitoring should occur on four fronts:
systematics, distribution, habitat quality, and
population vigor. All data should be entered
in to a cen t ra l da tabase .

2. All surveys should be performed by experienced
personnel, should address clearly defined goals
and objectives, and should be designed so that
results can be published. Voucher specimens
should be placed in an institution where they
will be properly catalogued and curated.
Arrangements for curation of material should be
made prior to collections.

3. A reference collection of all species of mollusks
known from a state should be established and
maintained within that state for the benefit of
current and future researchers. This collection
should include both specimens of shells and
properly narcotized and preserved soft parts.
Many species are taxonomically difficult, and
good reference collections are greatly needed for
verification of identifications. Topotypic
specimens should be sought for these collections
and used in the standardization of species
concepts amongst investigators.

4. Future surveys of taxa with uncertain taxonomic
position should require the use of molecular
data as an additional character for interpretation.
This information is extremely valuable as a
diagnostic tool, and for some taxa, the opportu
nity to obtain it may last only a few more
decades. Standardized techniques should be
followed. Such information should be published
and copies of raw data catalogued and curated
with the specimens.

5. When conducting molluscan surveys for target
species, collection of other nonlisted species and
field notation of other listed species should be
required whenever possible. This is the only
way existing data gaps on species of undeter
mined status can be addressed in a cost-effective
m a n n e r .
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6. The status of every species known from the state
should be periodically reevaluated. A suggested
interval is once every three years.

7. When defensible data are available to show that
a species has been seriously depleted, this
information should be transferred to the U.S.
Fish and Wildlife Service to facilitate listing on
the federal endangered and threatened species
list. Federal listing could provide additional
protection and, potentially, additional funding
for research and conservation efforts.

Implications for Future Action
Temporal patterns of human settlement and activity
are frequently neglected in assessing the long-term
viability of endangered species populations. It is an
undeniable fact that ownership of all privately
owned property will eventually change, if for no
other reason than that the existing property owners
will eventually die. New property owners have their
own goals for their newly acquired land, and these
may vary dramatically from those of the previous
owner for both personal and economic reasons. The
changes wrought on the presettlement landscape by
the cumulative effects of such simple property
transfers has been profound.

As long as our society persists in property
transfers, yet does not modify its views of property
rights to include mandated ecosystem rights or
landscape habitat goals, fragmentation of the
landscape will almost certainly continue and with it
resources of concern will certainly decline. That our
human population continues to increase only
exacerbates this situation as the landscape will be
further dissected to satisfy the demands of more
people. Given this statistical inevitability, only two
viable conservation avenues are left open to us
today—either acquire important lands to cease the
cycle of property transfer or change our uniquely
western view of property rights to include ecosys
tem rights.

To date, only one significant attempt has been
made to limit property rights for the benefit of
wildlife—Section 9 of the Endangered Species Act.
This section of the Act, which prohibits the taking or
harming of a listed species or its habitat, has met
with substantial opposition from property owners
who believe that their right to manage their property
as they desire has been impaired. This is currently a
contentious issue, and a political resolution that
restores lost rights to property owners is not out of
the question. Indeed, this may well be one of the
most important conservation debates leading into
the next century. Because there are no prospects for

any other legislation restricting property rights for
the benefit of natural ecosystems on the horizon, we
are left with the inescapable conclusion that, for the
time being, our legal concepts of property rights will
remain unchanged. Recognizing that many species
will not survive long enough for our views of
property rights to evolve to a more earth-friendly
plane, we are left with only one viable option
today— l̂and acquisition. Unfortunately, for lotic
ecosystems this is not an easily implementable
option because entire watersheds might have to be
acquired. Therefore, for the present, we will have to
continue our reliance on increasingly complex and
piecemeal regulation, a situation abhorrent to almost
everyone.

This is not an encouraging prospect. Since
passage of the National Environmental Policy Act of
1969, the Clean Water Act of 1972, and the Endan
gered Species Act of 1973, one would believe that we
have sufficient tools available to protect our mollus
can fauna. Sadly, for our molluscan fauna these laws
have created a barren tree—lots of wood but little
fruit. Most of this fauna has continued to decline.
Clearly, our current protection efforts and manage
ment systems are not working on a landscape scale
and radical changes in approach are needed. How
ever it is accomplished, sound, comprehensive
inventories of species with reliable documentation of
population changes will almost certainly be neces
sary to overcome the legislative and bureaucratic
inertia we have inherited and unwittingly fostered.

A systematic approach to species assessment
provides our best chance of truly conveying to those
in power what has happened to our freshwater
ecosystems. Indeed, this concept should be ex
panded beyond the mollusca to include crustaceans,
rotifers, poriferans, bryozoans, and all of the other
freshwater invertebrates. Prejudices against doing
this will abound, particularly for parasitic species, a
group important in contributing many of the
selective pressures which steer the course of evolu
tion. As scientists, we cannot afford to wear any
shrouds of bias; to do so will be certain to raise
ethical questions which we will find ourselves ill-
equipped to answer.

ki protecting and managing our molluscan
fauna and other aquatic species, influencing the
actions of our fellow citizens will be our most
difficult conservation challenge. Evidence indicates
that our society and political hierarchy are fickle
partners in conservation efforts, supporting those
efforts with obvious and quick benefits while
hedging when the fruits of such labors are hidden,
silent, or too-long in the making. Conservation of
freshwater mussels, which bear all of these unfortu
nate attributes, will almost certainly continue to be a
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low priority item on the social agenda of our
n a t i o n .

For the conservation of freshwater mussels and
other invertebrates to ever become ingrained in our
social will, a higher reach from our public educators
and a greater dose of fervor on the part of those who
imderstand its importance will be required. Yen and
Butcher (1992) provide a good summary of the
issues and needs for invertebrate conservation in
today's political climate and stress action on four
fronts: education, legislation, research, and adminis
tration. Our generation can ill-afford to wait any
longer for decisive action on all four. The potential
fruits of our labors slip away with the time — with
each passing year we are working for less and less.
"Progress" has claimed many species already, and
the cost of their passing to us and our children can
n e v e r b e k n o w n .
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Reintroduction of Mussels into the Upper Duck River, Tennessee

James B. Layzer and Mark E. Gordon
U.S. Fish and Wildlife Service, Tennessee Cooperative Fishery Research Unit, Tennessee Technological University, Cookeville

Abstract. Populations of indigenous freshwater mussels have declined drastically within the
Tennessee River drainage. Two causal factors implicated in this decline are pollution and channel
modifications for power, navigation, and recreation. Unexplained catastrophic die-offs in the
upper Duck River have resulted in the virtual elimination of mussels from that section of the
drainage. In May 1988, we initiated a study to determine the feasibility of reintroducing mussels
into the upper Duck River, because natural recolonization from downstream is prevented by mill
dams. A total of 1,213 mussels of eight species were collected from the lower river, permanently
marked, and distributed uniformly throughout the transplant site. We did not observe any
immediate mortality. Five months after transplant, mortality was estimated to be 6 to 8%. Results
of annual quantitative sampling indicate that mussel density on the transplant site decreased by
80% over 3.5 years. Because we found few marked shells, mortality on the transplant site
apparently has been low. Post-transplant changes in streambed elevations suggest that scouring
during flood events was a major factor in the mussel decline. Finding live, marked mussels
downstream of the site indicates downstream transport during high discharge.

I n t r o d u c t i o n

During the past century, mussel populations have
declined dramatically throughout much of the
Cumberland and Tennessee river systems (Ahlstedt
1986, Gordon and Layzer 1989). Many of these
populations have been affected by municipal and
industrial discharges, as well as poor land-use
practices associated with agriculture, forestry, and
surface mining of coal. The construction and opera
tion of dams have directly contributed to the extinc
tion of some species and jeopardized the existence of
others (Layzer et al. 1993). The cumulative effect of
these factors has been to isolate many populations of
mussels. Although conditions in some previously
degraded streams may have improved, natural
recolonization is not possible because of fragmenta
tion of mussel habitat (Layzer and Anderson 1992).
Transplanting adult mussels into these streams may
be an effective means of reestablishing populations.
Similarly, relocating mussels may insure the sur
vival of many species. In fact, the recovery plans for
many endangered mussels include reestablishing
populations within their historical range (e.g., U.S.
Fish and Wildlife Service 1983). The objective of our
study was to evaluate transplanting adult mussels as
a means of reestablishing populations in the upper
Duck River, Tennessee.

Study Area
The Duck River is a major tributary of the Tennessee
River (Figure 1). Ortmann (1924) found an abundant
and diverse mussel assemblage made up of both
Cumberlandian and Ohioan species, and Stames
and Bogan (1988) list 68 taxa from the Duck River. In
1965, a rich mussel fauna persisted throughout most
of the river (Isom and Yokley 1968). By 1972, how
ever, mussels had nearly disappeared from the
upper Duck River (van der Schalie 1973). Subse-

Figure 1. The Duck River, Tennessee.
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quent surveys confirmed the scarcity of mussels
upstream of Lillard's Mill (Ahlstedt 1981). The loss
of mussels from the upper Duck River has been
attributed to operation of Normandy Dam and to
past discharges from Shelbyville (Ahlstedt 1986).
Because water quality has improved in recent years,
this river reach may once again be capable of
supporting a rich mussel fauna. However, Lillard's
Mill Dam is a barrier to fish movement. Thus,
recolonization by mussels via glochidia-infected fish
from downstream areas is not possible. Nonetheless,
Barr et al. (1986) foimd a diverse fish community,
including many known host species, upstream of
L i l l a r d ' s M i l l .

M a t e r i a l s a n d M e t h o d s

On five days between 16 May and 1 June 1988, adult
mussels were collected by hand from the Duck River
downstream of Lillard's Mill and held in 6-mm-
mesh dive bags submerged in the river at the
collection site. All mussels were marked by filing a
groove on the sides of both valves, placed in coolers,
covered with ice, and transported to the transplant
site. At the transplant site, mussels were inserted in
a natural orientation into the substrate. We at

tempted to distribute the mussels evenly throughout
a 432-m^ area. Most mussels were transplanted the
same day they were collected; on one occasion
mussels were held overnight in the river.

At the time of the transplant, we established
three permanent transects across the study site. We
used standard surveying techniques to determine
streambed elevations at 60-cm intervals along each
transect. In July 1990, we resurveyed these transects
to assess changes in channel morphology.

We used a stratified random sampling design to
estimate the number of mussels remaining on the
transplant site during each of four sampling periods.
A random numbers table was used to generate a set
of coordinates for each quadrat sample. Measuring
tapes were then used to establish the locations of
three sampling points within each 36-m2 stratum.
Samples were collected with the aid of scuba equip
ment. The substrate within each 1-m^ quadrat was
removed by hand to a depth of about 10 cm. After
the entire quadrat was searched, the substrate was
replaced, and all mussels collected were identified
and examined for marks prior to being reinserted
into the substrate encompassed by the quadrat
frame. Mussels foimd partially within a quadrat
were included in the count only if they occurred
under the downstream or left side of the quadrat
frame. On two occasions we made a qualitative
search downstream of the transplant site.

A total of 1,213 mussels of eight species were
transplanted (Table 1). Five months after transplant,
we estimated that 92% of the mussels were still
living on the site. Because stream discharge remained
low during this five-month period (Figure 2), shells of
dead mussels would most likely have remained on the
site. Thus, we made a second, independent estimate of
mortality (6%) based on the number of dead, marked
mussels found within each quadrat.

Although the two population estimates made in
1989 are very similar, the June sample may not be as
reliable because only one-half of the site was
sampled due to a rain event and rising water levels.
Our estimates indicate that about 80% of the trans

planted mussels remained on the site in October
1989. The population estimates we made in 1991
indicated that only 20% of the transplanted mussels
remained on the site. Wide 95% confidence limits (±
50-70% of mean) were associated with all population

Table 1. Numbers of mussels transplanted in May 1988
and estimated number present at each sampline period.

E s t i m a t e d n u m b e r

S p e c i e s I
Amblema plicata
Cyclonaias tuberculata
Fuscomia bamesiana

Lexingtonia dolabelloides
Megalonaias nervosa
Quadrula cylindrica
Quadrula pustulosa
Trunci l la In incata

N u m b e r O c t .

transplanted 1988

OCT JAN APR JUL OCT JAN APR JUL OCT JAN APR JUL

1 9 8 8 1 9 8 9

MONTH AND YEAR

Figure 2. Maximum mean daily discharge of the Duck
River near Shelbyville, Tennessee. Records were obtained
from Lowery et al. (1989,1990) and Flohr et al. (1991).
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estimates. A Duncan's multiple range test indicated
that only the final population estimate differed
significantly (P < 0.05) from the number of mussels
originally transplanted. Between October 1988 and
October 1991, we found few dead, marked mussels
on the s i te.

Mussel density estimates changed substantially
within and among strata between 1988 and 1989
(Figure 3). Most of the upstream strata were nearly
devoid of mussels in 1989. In contrast, mussel
densities increased between 1988 and 1989 in all
d o w n s t r e a m s t r a t a .

In October 1989, we noted that substrate compo
sition and water depth on the site had changed
dramatically since the previous year. Results of
resurveying streambed elevations along the three
transects in July 1990 indicated major changes in
channel morphology (Figure 4). As much as 85 cm of
the gravel-sand substrate had degraded and ex
posed the underlying bedrock along much of the
upper and middle transects. The downstream
transect showed evidence of channel widening and
aggradation.

S T R A T A

Figure 3. Estimated mussel densities (#/m )̂ in various
strata. The most downstream strata are numbers 1
through 3. All estimates were made in October each year
(open bars = 1988; hatched bars = 1989; solid bars = 1991).

From October 1988 through July 1992, we
collected several live, unmarked mussels of eight
species, including five species that we did not
transplant (Elliplio dilatata, Lampsilis cardium, L.
fasciola, Villosa taeniata, V. vanuxemensis). Most of the
unmarked mussels appeared to be relatively young
(< 10 years old). In fact, several individuals were less
than five years old. During our qualitative searches
downstream of the transplant site, we collected 14
live, marked mussels, including two 12-cm-Iong M.
nervosa found about 600 m downstream of the site.

D i s c u s s i o n

Initial mortality of transplanted mussels was low.
Five months after translocation, total mortality was
estimated to be only 6 to 8%. Following this period
of low mortality, the mussel population continued to
decline at a similar rate; however, between October
1989 and October 1991, transplanted mussels
declined precipitously. The scarcity of dead mussels
on the site indicated that either mortality was low or
empty valves were washed downstream. Prior to
our first estimate of the size of the transplanted
population, all of Tennessee had been under
drought conditions, and flows in the Duck River
were relatively low. Beginning in January 1989 and
continuing for the remainder of our study, periodic
high discharge events were common in the Duck
River. Degradation of the stream channel was
obvious at the transplant site. The initial discharges
apparently dislodged mussels from the upstream
sampling strata and transported them only as far as
the downstream strata as evidenced by the increased
densities in the lower strata in October 1989. Pre-

D I S TA N C E ( m )

Figure 4. Stream channel cross-sections showing changes
in streambed elevations between 1988 and 1990 at three
transects on the transplant site. The most downstream
transect is Tl.
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sumably, subsequent periods of high discharge
w a s h e d t h e m u s s e l s f u r t h e r d o w n s t r e a m a n d w e r e

responsible for the rapid reduction in the number of
mussels on the transplant site. The fate of most of
the dislodged mussels is unknown, but we found
marked mussels living downstream of the transplant
site. The occurrence of two large, marked M. nervosa
600 m downstream of the transplant site suggests
that many of the smaller individuals were probably
carried downstream considerably farther. Undoubt
edly, some mortality of dislodged mussels occurred,
but we believe that a substantial number survived.

Although we did not design our study to
document reproduction of transplanted mussels, we
did find evidence (individuals as small as 20 mm
long) of recent recruitment for species not trans
planted. Moreover, the recent recruitment of at least
three Cumberlandian species is noteworthy because
Cumberlandian species appear to be more sensitive
than others to environmental perturbations.

The results of our study indicate that the Duck
River from Lillard's Mill to the transplant site (25 km
upstream) and preferably farther should be inten
sively studied. Emphasis should be placed on
locating suitable mussel habitat that includes highly
stable gravel substrates. Based on our experience,
the presence of numerous relic shells should not be
used as a reliable indicator of stable substrates. We
believe that a massive infusion (10,000 to 20,000
individuals) of translocated mussels at one or more
suitable sites would be successful in reestablishing
mussels in this river reach.
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Surv i va l o f Un ion ids Fou r Yea rs a f t e r Re loca t i on

H e i d i L . D u n n

Ecological Specialists, Inc., St. Peters, Missouri

Abstract. Navigation and industrial interests have used and will continue to use rivers for water
supply, discharge, and transportation. Current laws require permits for such use, forcing
commercial interests to consider natural resources, such as unionids, in their plans. The owners
of the William H. Zimmer plant (a coal-fired power facility on the Ohio River upstream of
Cincinnati, Ohio) proposed construction of a barge fleeting and coal unloading facility near a
large, diverse unionid bed. To mitigate unionid bed impacts, the plant's owners were required to
relocate 5,000 unionids and monitor their survival and growth. Five thousand one hundred fifty-
eight unionids of 22 species were relocated from Ohio River Mile (ORM) 444 to ORM 418.9 in May
1987. Relocated unionids were sampled in October 1987, August 1988, August 1989, and August
1990 to determine survival, growth, and movement. Study results indicated that most mortality
(nearly 50%) occurred within a few months. Survival remained stable through 1988, then declined
to a mean of 35% in August 1989 following extremely high discharges. Survival remained near 35%
in 1990. Survival within each year varied with transect area and species. Although unionids
occupied areas with thin substrate, mortality and movement were consistently higher in these
areas than in other areas of the transect. Survival of Potamilus alatus, Megalonaias nervosa, and
Tritogonia verrucosa was greater than that for most species. Survival of Obliquaria reflexa, Quadrula
nodulala, Q. pustulosa, and Q. quadrula was consistently worse than average even though these
species were common in the project area. Species and habitat should be carefully considered in
future relocat ion efforts.

I n t r o d u c t i o n

Navigation and industrial interests have used and will
continue to use rivers for water supply, discharge, and
transportation. Current laws require permits for such
use, forcing commercial interests to consider natural
resources, such as unioruds, in their plans.

The William H. Zimmer plant was initially
constructed as a nuclear-powered facility. At the
90% completion point, an economic feasibility study
indicated that converting the plant to a coal-fired
facility was more economical than completing
construction as a nuclear facility. Several options for
coal delivery were considered. The selected option
was construction of a coal unloading and barge
fleeting area on the Ohio bank of the Ohio River
near Ohio River Mile (ORM) 444.2. Construction
required dredging approximately 1.5 river miles.
Under Section 10 of the 1899 Rivers and Harbors Act
and Section 404 of the Clean Waters Act, permits are
required for dredging and construction in navigable
waters. The U.S. Army Corps of Engineers is respon
sible for permit review and issuance.

A large, diverse, unionid bed occurs between
ORM 443.4 and 447.5 (Williams and Schuster 1989).
Stansbery and Cooney (1985) were contracted by

American Electric Power Service Corporation (AEPSC),
project managers for the conversion, to sample
unionids between ORM 442.6 and 445.6 and deter
mine bed location, size, shape, and species composi
tion. Three beds were located: one bed between
ORM 443.0 and 443.6, a second between ORM 443.8
and 445, and a third between ORM 445.2 and 445.6.

Fleeting facility construction and subsequent
barge activity in the area could potentially affect a
portion of beds 1 and 2. As a condition to the 10/404
permit, the U.S. Army Corps of Engineers required
the owners to mitigate impacts to unionid mollusks.
The Zimmer plant owners were required to:

1. Relocate 5(XX) unionid mollusks from the potential
impact area to a known upstream bed; and

2. Establish a trust fund for monitoring the
relocated unionids and funding research on
Ohio River Basin unionid mollusks.

In May 1987, 5,158 unionids of 22 species were
collected, tagged, and relocated from the area of
potential impact to a known bed near ORM 418.9. The
initial relocation was conducted in May 1987. Four

Conservation and Management of Freshwater Mussels: Proceedings of a UMRCC Symposium
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foUow-up monitoring studies were conducted in October
1987, August 1988, August 1989, and August 1990.

The main study goal was to document imionid
reaction to relocation. The specific study objective
was to sample at least 10% of the relocated popula
tion during each monitoring effort and estimate
survival, movement, and growth.

M e t h o d s

R e l o c a t i o n

Unionids were collected and relocated between 4
and 12 May 1987. The area of potential impact from
barge fleeting facility construction and future
fleeting activity encompassed the Ohio bank be
tween CRM 442.9 and 444.4. Unionids were col
lected by divers within the potential impact area,
near the plant intake, and near the plant discharge.

Unionids were stored in mesh bags in a tub of
ambient river water while awaiting tagging or
processing. Tagging was accomplished by slightly
separating the valves with modified reversible pliers
and inserting a short semicircular piece of molding
between the valves while carefully forcing the mantle
edge back to the pallial line. A small hole (3/16")
was drilled in the left valve, anterior to the posterior
ridge, between the pallial line and the outer margin
of the shell. A pre-numbered Floy spaghetti tag was
inserted in the hole and secured.

When a bag of unionids was completely tagged,
height (greatest distance dorsal to ventral), length
(greatest anterior to posterior distance), species,
weight, tag number, and bag number were recorded
for each individual. Each completed bag was wrapped
in moist burlap, placed in a cooler, and transported
to the relocation site near Ripley, Ohio. Unionids
were placed in tubs of ambient river water between
processes. River water in all holding tubs was replaced
as frequently as possible to maintain temperature
and dissolved oxygen near river conditions.

A few taxonomic problems were encountered,
primarily between species of Pleurobema. Problems
were discussed with Dr. David H. Stansbery (Ohio
State University) during his 8 May 1987 site visit.
Because of the difficulty in distinguishing species of
Pleurobema (primarily P. cordatum and P. sintoxia),
all Pleurobema were recorded as P. cordatum complex.

The following definitions will be used in describ
ing relocation and monitoring methods and results:

Transect corridor—the initial 500-ft line and the area
extending 5 ft on each side of the line. The corridor
was initially divided into 100 sections, 50 on each
side of the line, for relocating unionids and subse
quent monitoring.

Transect area—the area encompassing several
adjacent sections.
Section—^A 10 ft x 5 ft area in the transect corridor.
This refers to the area between two transect knots
and extends riverward or shoreward 5 ft.

Quadrat—^A 5 ft x 5 ft PVC frame used for sampling.
Two quadrats were sampled in each section.
Subquadrat—Each quadrat was divided in half and
each half treated as a separate sample. Half of a
quadrat (2.5 ft x 5 ft) is referred to as a subquadrat.

A suitable area for unionid relocation was
selected by AEPSC near ORM 418.9 prior to the
relocation effort. A 500-ft transect was set parallel to
and approximately 300 ft from the Ohio bank within
the selected area before deploying the relocation
team. The line was weighted with a concrete block
every 50 ft and marked with a fluorescent 5-gallon
orange buoy every 100 ft. A loop was tied in the line
every 10 ft to enable divers to identify their exact
location along the transect. The transect position
(distance and angle to each 100-ft marker) was re
corded with a theotolite/electronic distance meter
(EDM) prior to and following the relocation. The EDM
was consistently placed over a pipe driven into the
ground along U.S. Highway 52. The pipe location was
marked by a painted stripe on the guardrail.

Each bag of unionids was assigned to a diver.
The diver placed the unionids in a designated
transect section. Each bag of unionids was placed in
a specific 10 ft x 5 ft section. The section included the
area between two knots extending 5 ft either riverward
or shoreward of the line. All unionids were placed
with the anterior end in the substrate. The position of
each group of unionids was recorded by biologists.

For the purpose of recording unionid positions,
each 10-ft transect knot was designated with an
alphanumeric code. The upstream end of the line
was designated 0-A, 10-ft point 0-B, 20-ft point 0-C,
50-ft point 1-A, etc., to the 490-ft point designated 9-
E. The transect side where unionids were placed was
designated as L (left side looking downstream) or R
(right transect side looking downstream). For
example, if a unionid was placed between the 90-
and 100-ft knot on the shoreward side of the line, its
position was recorded as 1-E-R.

Monitoring
Relocated unionids were monitored in October 1987,
August 1988, August 1989, and August 1990.
Methods used in monitoring were similar each year.
However, improvements in sampling techniques
were incorporated as they developed.

At the start of each monitoring effort, tagged
mussels were located and the transect recreated with
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the aid of the theotolite/EDM. Several points along
the line were selected for sampling. Points were
selected randomly in 1987,1988, and 1989. Sample
areas in 1990 were chosen to avoid previously
sampled areas and gather data from areas missed in
prior years. Similar methods were used in all
relocation monitoring events. A diver was deployed
in an area with quadrats and sample buckets. The
quadrats were placed between two line knots
adjacent to the line in the section designated by the
biologist. All unionids within each subquadrat were
placed in a prelabeled bucket. Samples were brought
to the surface crew for processing. Samples were
collected both riverward and shoreward of the line
until tagged unionids were no longer collected.
Adjacent sections of the transect were sampled in
some areas to detect upstream and downstream
movement. In 1990, divers also collected along
transects extending riverward and shoreward of the
transect in an effort to recover stray unionids.

Tagged and untagged unionids were measured
(height and length) to the nearest millimeter and
weighed to the nearest gram. Measurements were
recorded along with collection location, tag condi
tion, shell condition, and reproductive condition.

Data Analysis
Survival was calculated by comparing the number
collected in each section to the original number
placed in each transect section. One disadvantage of
direct comparison lies in the subjective determina
tion of the area sampled. Direct comparison would
be accurate if the original placement area could be
exactly determined and the collection quadrat
replaced in the exact location. Because the original
line was missing at the time of subsequent monitor
ing, the quadrats could not be positioned precisely
within each original transect section. The actual
collection location could only be estimated, based on
the collected tag numbers. Direct comparison
therefore yielded highly variable results. A two-way
ANOVA without replication was used to determine
whether survival varied significantly between years,
and within years between species and sampled areas.

weather, difficulty in handling sample quadrats, and
wind and boat resistance, and anchor drag causing
line movement. In some cases up to one-third of the
animals present in an area were missed in 1987
samples (based on overlapped sections sampled in
1988). These problems were considered in subse
quent years and results improved. Even if the upper
end of the confidence interval (49%) is used as a
survival estimate for 1987, results indicate most
mortality occurred within the first few months
following relocation.

Table 1. Unionld mollusk species collected near the
William H. Zimmer plant and relocated to Ohio River
Mile 418.9, near Ripley, Ohio, May 1987.
S p e c i e s N u m b e r r e l o c a t e d
L a s m i g o n a c o s t a t a 1
M e g a l o n a i a s n e r v o s a 1 7 9
T r i t o g o n i a v e r r u c o s a 2 7
Q u a d r u l a q u a d r u l a 2 9 5
Q u a d r u l a m e t a n e v r a 5 2 5
Q u a d r u l a n o d u l a t a 1 2 5
Q u a d r u l a p u s t u l o s a 9 8 5
A m b l e m a p l i c a t a 4 2 2
F u s c o n a i a e b e n a 2 2 4
F u s c o n a i a fl a v a 7 1
C y c l o n a i a s t u b e r c u l a l a 3 8
P l e t h o b a s u s c y p l t u s 4 7
Pleurobema cordatum complex 1,357
E l l i p t i o c r a s s i d e n s 3 2 7
E l l i p t i o d i l a t a t a 1 0
O b l i q u a r i a r e fl e x a 1 7 5
A c t i n o n a i a s l i g a m e n l i n a 4 2
E l l i p s a r i a l i n e o l a t a 2 7 5
T r u n c i l l a t r u n c a t a 1 9
P o t a m i l u s a l a t u s 3
L i g u m i a r e c t a 1
L a m p s i l i s c a r d i u m 1 0

T o t a l 5 , 1 5 8

R e s u l t s

A total of 5,158 unionids of 22 species were relocated
from the Zimmer plant site to ORM 418.9 (Table 1).
Most mortality occurred within five months of
relocation. The relocated population remained stable
for a few years, then declined in 1989 (Figure 1).
October 1987 results were not significantly different
(95%) from those of other years due to sample
variability. Wide variance in 1987 samples was
attributed to less efficient sampling due to cold

1 9 8 8 1 9 8 9

Monitoring Year

Figure 1. Survival (mean ± 95% confidence interval) of
relocated unionids, 1987 through 1990.
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No additional mortality was noted in 1988.
Survival averaged 50% in August 1988; this was not
significantly different from 1987 and was probably a
m o r e a c c u r a t e a s s e s s m e n t . S u r v i v a l d e c l i n e d a n
additional 15% to near 35% in 1989 (significantly
different from 1988 at the 90% significance level) and
r e m a i n e d n e a r 3 5 % i n 1 9 9 0 .

High discharge in early 1989 may have contrib
uted to reduced survival in 1989. Discharge was
exceptionally high in early 1989, resulting in varia
tion in superficial substrates in the sampled areas
between years. Silt covered most of the area in 1988.
Silt was less prevalent in 1989, replaced by shale piles
in many transect areas. If large rocks were transported
by high current velocities, unionids were also
probably dislodged and transported, resulting in a
decline in survival between 1988 and 1989. Those
unionids surviving the initial relocation and subsequent
high discharge apparaitly survived at least an additional
year, and most will probably continue to survive.

Survival varied within each year as well as
between years. ANOVA results indicated survival
varied significantly (95% significance level) between
sampled areas and between species.

Survival varied with microhabitat variat ion. In
general, substrate in the Ohio River near Ripley was
very rocky. Substrate varied from bedrock covered
with sand/silt and debris to large rocks with silt/
clay in crevices. In general, relocated unionids
exhibited higher survival in the upstream end of the
transect where they were collected from crevices
between large rocl«. Survival declined in the mid-
transect, where substrate was shallow, and survival
was moderate near the downstream end, where
substrate consisted of variable sizes of rock/cobble/
gravel imbedded in sand/silt/clay. This trend was
evident in most study years.

Survival between areas was not significantly
different in 1987. Sample size was insufficient to
calculate confidence intervals in three areas, and
survival was variable in the remaining area. A
significant difference (student's t, P < 0.05) was
noted between sampled areas in 1988 (Figure 2).
Survival near 5-E, an area of primarily bedrock, was
significantly lower than in other sampled areas.
Survival near 2-A, where unionids were found in
crevices between rocks, was estimated at over 100%,
indicative of immigration into the sampled area.
Similarly, in 1989, survival near 2-A was high, and
survival near 5-D (bedrock substrate) was signifi
cantly lower than in the downstream areas (Figure 3).
The trend continued in 1990 (Figure 4). Even though
the two areas of extreme conditions (near 2-A and 5-
E) were not sampled, survival was significantly
higher in upstream and downstream transect areas
than in the central transect.

M o r e m o v e m e n t w a s o b s e r v e d i n t h e t h i n n e r
substrate areas (Table 2). In 1990 divers searched
along lines perpendicular to the transect. Stray
tagged unionids were found up to 90 ft from the
transect area. Movement was primarily in the

O - E l o l - B 2 - A t o 2 - B 3 - A I o 3 - D 5 - E t o 6 - C 7 - C l o 7 - D

Tr a n s e c t A r e a

Figure 2. Survival (mean ± 95% confidence interval)
throughout the transect, August 1988.

3-E to 4-A 5-D to 6-A 7-B to 7-E 8-D (o 9-A

Transect Area

Figure 3. Survival (mean ± 95% confidence interval)
throughout the transect, August 1989.

1 0 0 %

9 0 % -■

8 0 % ■

7 0 %

0-B to 0-E 2-D to 3-B 4-0 to 5-A 6-B to 6-C 9-A to 9-D

T r a n s e c t A r e a

Figure 4. Survival (mean ± 95% confidence interval)
throughout the transect, August 1989.
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Table 2. Tagged unionid mollusks collected during stray

Col lect ion area

2 - B

Point 50

Species
Amblema plicala
Pleurobema cordatum
Quadrula metanevra
Amblema plicata
Megalonaias nervosa
Quadrula pustulosa
Elliptio crassidens
Pleurobema cordatum

Quadrula pustulosa
Quadrula pustulosa
Quadrula pustulosa
Pleurobema cordatum

Number l i ve

mussel search, 1990.

M a x i m u m d i r e c t i o n a n d
distance from transect

N u m b e r d e a d D i r e c t i o n D i s t a n c e ( f t )
1 D o w n s t r e a m / r i v e r w a r d 1 5

U p s t r e a m / r i v e r w a r d 5
1 R i v e r w a r d 1 5

1 D o w n s t r e a m / r i v e r w a r d 1 5

R i v e r w a r d / u p s t r e a m 2 0
D o w n s t r e a m / s h o r e w a r d 2 5

1 R i v e r w a r d 5
2 D o w n s t r e a m / r i v e r w a r d 5 0

2 D o w n s t r e a m / r i v e r w a r d 9 0
1 R i v e r w a r d 1 0

2 D o w n s t r e a m / r i v e r w a r d 7 0
2 D o w n s t r e a m 4 0

downstream direction, implicating passive move
ment. Unionids were found only a short distance
from the transect in the upstream part of the line
where more substrate was available between rocks.
In the thinner substrate areas some shells were
found 90 ft downstream and riverward of their
ini t ial locat ion.

Survival also varied significantly between
species (Table 3). Some species reacted more favor
ably to relocation than others. Only three Potamilus
alatus were relocated, but they were collected each
time their area was sampled. Survival of Megalonaias
nervosa averaged only 31% in 1987 but varied
widely between sampled areas. M. nervosa survival
was higher than that of most other species in 1988,
1989, and 1990. Tritogonia verrucosa survival was also
higher than that of most other species in 1988,1989,
and 1990. Both Actinonaias ligamentina and Elliptio
crassidens exhibited higher than average survival in
1987,1988, and 1989, but survival declined sharply
in 1990. Fusconaia flava initially survived better than
most other species (89% in 1987), but survival
declined to near average in 1988 and remained near
average through 1990. Survival was consistently
below average for Obliquaria reflexa, Quadrula
quadrula, Quadrula pustulosa, and Quadrula nodulata.
No live Truncilla tnmcata were recovered, and only
one tagged valve was recovered.

D i s c u s s i o n

Physical disturbance, both natural and artificial, appccirs
to affect unionid mollusk survival. Dredging an area,
such as near the Zimmer plant, would most likely
result in mortality of all individuals physically re
moved from the area. A few may escape direct mortal
ity and survive or be further disturbed by fleeting
traffic and future dredging. Relocation places unionids

Table 3. Mean percent survival of relocated unionids.

Species 1987 1 9 8 8 1 9 8 9 1 9 9 0

Potamilus alatus 1 0 0 100 N A * N A

Megalonaias nervosa 3 1 7 3 4 3 4 4

Tritogonia verrucosa N A 7 4 5 8 5 0

Actinonaias ligamentina 6 7 7 0 6 9 1 4

Elliptio crassidens 5 9 7 4 4 2 2 6

Fusconaia flava 8 9 4 9 4 3 3 2

Amblema plicata 3 7 5 5 4 7 2 9

Ellipsaria lineolnta 2 4 4 3 2 5 3 1

Fusconaia ebena 3 0 5 4 3 4 3 6

Pleurobema cordatum complex 4 5 4 9 3 7 3 9

Quadrula metanevra 3 1 4 8 3 5 4 3

Quadrula reflexa 1 8 3 2 1 6 2 0

Quadrula quadrula 2 5 3 0 1 3 1 1

Quadrula pustulosa 3 5 3 4 2 0 2 4

Quadrula nodulata 2 9 3 6 1 7 2 2

Trunci l la truncata 0 0 0 0

* NA = species not transplanted into areas sampled.

in an area less likely to be disturbed by artificial means
but still disturbs the unionid population.

The disturbance and relocation of unionids

appears to result in immediate mortality of some
individuals. Most mortality, or at least long-distance
movement preventing recovery, appears to occur
soon after relocation. Nearly 50% mortality occurred
within the first year in the present study. High initial
mortality appears to be normal in unionid reloca
tion. Oblad (1980) documented survival between 20
and 100% (depending on species) in the Mississippi
River near Sylvan Slough one year after relocation.
Preliminary results from a relocation effort con
ducted by the Illinois Natural History Survey on the
Kankakee River indicate initial survival of 24% to
63% (Berlocher, personal communication, 1989).
Survival of Lemiox rimosus one year following
relocation from the Duck River averaged 50%,
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(Jenkinson, personal communication, 1987). Survival
ranged from 10 to 100% for unionids relocated to the
C l i n c h a n d N o r t h F o r k H o l s t o n R i v e r s i n s o u t h w e s t -
em Virginia (Sheehan et al. 1989). Survival in each of
these studies varied with species and area.

Natural disturbances, such as high discharge
rates, also affect unionids (Sickel 1980, Vannote and
Minshall 1982, Huehner 1987, Imlay 1972, Matteson
1955). High discharge can alter the bottom character
istics of a stream or river, transporting unionids
from an area or rendering the substrate unsuitable
for unionid survival. Vannote and Minshall (1982)
found beds in the Salmon River Canyon limited to
the runs that connected pools and riffles. Unionids
were also concentrated in gravel-filled spaces
between and behind boulders. The population in
protected areas tended to be older than the run
population. They hypothesized that runs were more
subject to scour, whereas water energy in boulder
areas was dispersed in eddies rather than scour,
limiting the impacts on unionids.

Additional mortality in the present study was
apparent following high discharge in 1989, particu
larly in thinner substrate areas. Survival did not
decline significantly between 1987 and 1988, a
drought year. Survival declined from 50% to 35%
following extremely high discharge in 1989. Dis
charge was high in 1990, but not as extreme as in
1989. Survival remained near 35% in 1990.

Unionids may be more adaptable to natural than
artificial disturbance (Imlay 1972). Imlay (1972)
reported unionids righting themselves in the sub
strate and current following natural disturbance, but
individuals were less likely to right themselves
following artificial disturbance. Unionids remaining
in the study area following high flow, although
spread laterally and downstream, appear to be
adapting and surviving. Some are also surviving in
the surrounding area. A few live marked unionids
were collected well away from the transect corridor
during the 1990 search. Jenkinson (1985) located
several live relocated unionids downstream from
study plots in four study streams. One individual
was collected one-half mile from its initial location
(Jenkinson, personal communication, 1987).

Substrate influenced survival within a study
year. Survival was lower and movement greater in
thinner substrate areas. Little or no space was
available for burrowing and unionids were more
subject to passive movement. Although survival was
lower in thin substrate areas, both tagged and native
unionids still exist in this area. In areas with large
boulders and protective crevices, short-distance
migration, presumably active, into crevice areas was
noted. Survival was above 100% (indicating migration
into the area) in 1988 and well above average in 1989.

Some species may be more or less adaptive than
o t h e r s t o a r t i fi c i a l d i s t u r b a n c e s u c h a s r e l o c a t i o n .
Truncilla truncala did not appear to survive the
relocation. A. ligamentina and £. crassidens faired
better than most species until 1990, then survival
declined. Q. quadrula, Q. pustulosa, and O. reflexa,
although common species in this area of the Ohio
River, did not appear to react favorably to reloca
tion. Variable survival between species was also
noted in the Mississippi River relocation (Oblad
1980). All L. higginsi were recovered alive after one
year, while only 20% of A. plicata were recovered alive.

Summary and Conclusions
Not all unionids survive the relocation process.
Some survive and adapt to their new environment.
Factors influencing survival rate appear to be initial
disturbance, microhabitat in the relocation area, and
natural disturbance. Although only 35% of the initial
population remains, leaving unionids in the area to
be dredged would have resulted in higher mortality.
Relocation preserved at least part of a valuable
resource and presented an opportunity to study
relocation effects on unionids. Knowledge gained in
this and similar efforts will be useful in future
relocation efforts, particularly those involving rare
and endangered species.
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Relocation of Two State-Listed Freshwater Mussel Species
(Epioblasma torulosa rangiana and Epioblastna triquetra) in
Michigan

Richard J. Trdan and Walter R. Hoeh
Saginaw Valley State University, Department of Biology, University Center, Michigan
Rutgers University, Center for Theoretical and Applied Genetics, New Brunswick, New Jersey

Abstract. Prior to 1988, the headwaters of the Black River drainage, located primarily in agricul
turally dependent Sanilac County, were one of two known sites in Michigan that provided refuge
for the state-endangered freshwater mussel Epioblastna torulosa rangiana (northern riffle shell).
Precipitated by the massive flood of 1986, public and private pressure mounted in Sanilac County
to have 25 miles of the Black River and one of its major tributa ries (Elk Creek) dredged. The Clinton
River in southeast Michigan harbors the state endangered freshwater mussel Epioblastna triquetra
(snuffbox). A particular 4-mile reach of the river located in highly urbanized Oakland County may
contain one of the largest populations of the snuffbox in the state. The Road Commission for
Oakland County has proposed replacing the current two-lane bridge that spans this reach of the
river with a modem four-lane structure. The policies and procedures implemented in the
relocation of these freshwater mussel populations were compared. The results of this study
demonstrated that relocation techniques combined with environmentally sound public policy can
preserve and maybe even enhance state-listed freshwater mussel populations.

I n t r o d u c t i o n

Eastern North America has the most diverse assem

blage of freshwater mussels in the world (Simpson
1896,1900). This imique biological resource is in
serious jeopardy due to the advent of the agricul
tural and industrial revolution on this continent that
greatly intensified anthropogenic perturbations on
freshwater ecosystems (Stansbery 1970, Jorgenson
and Sharp 1971, van der Schalie 1975, Biggins 1992).
The freshwater mussel fauna of the rivers and
streams of southeastern Michigan, Lake St. Clair, the
Detroit River, and western Lake Erie combine to
form the richest assemblage of these organisms
within the St. Lawrence River drainage (e.g., see
Goodrich and van der Schalie 1932, Clarke 1973,
Clark 1977, Pugsley et al. 1985). Several of
Michigan's rare, threatened, or endangered freshwa
ter mussels have been reported from this area
(Strayer 1979,1980; Hoeh and Trdan 1985).

Sizeable populations of Epioblasma torulosa
rangiana (northern riffle shell) were reported from
the Black River and a major tributary (Elk Creek) of
Sanilac County, Michigan, by Hoeh and Trdan
(1985) and from the Detroit IWver by Pugsley et al.
(1985) (see Figure 1). Prompted by a massive flood
in the fall of 1986, residents of Sanilac County

petitioned the drain commissioner to have the
headwaters of the Black River dredged.

Epioblasma triquetra (snuffbox) has been reportedfrom the Clinton ̂ ver by Strayer (1980) (see Figure
1). Collections made in the fall of 1991, by Trdan and
Hoeh (unpublished data), suggested that a portion
of the Clinton River in Oakland County, Michigan,
may harbor the largest population of E. triquetra in
the state. The Road Commission for Oakland
County has filed for permits to replace an old bridge
that spans this portion of the Clinton River with a
larger structure.

Both of the civil engineering projects mentioned
above posed grave threats to the continued existence
of their respective freshwater mussel populations.
Temporary relocation followed by replacement was
chosen as the most viable means to mitigate the
effects of mussel habitat destruction and to ensure
the survival of these populations. The purpose of
this report is to compare and contrast the policies
and procedures, both scientific and governmental,
employed in the Black River and Clinton River
projects and to recommend steps that should be
taken in similar situations to preserve our unique
freshwater mussel fauna.

Conservation and Management of Freshwater Mussels: Proceedings of a UMRCC Symposium
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Figure 1. Principal collecting sites in southeastern Michi
gan for Epiohlasma species. ★ = E. torulosa rangiana, ♦ = E.
triquetra, and • = both species present.

M a t e r i a l s a n d M e t h o d s

Collection was accomplished primarily by "vacuum
ing" the substrate with a modified gold dredge
(= mussel dredge) and secondarily by handpicking
the shallows with the aid of glass-bottomed buckets.
Freshwater mussels were collected from 12 July
through 24 August 1988 from the Black River
between Applegate and French Line roads, Sanilac
County, Michigan (S23, RISE, TUN). Individuals of
E. f. rangiana were held in a small wire cage immedi
ately upstream from the collecting site. They were
later marked and transferred to a large corral
constructed on the bottom of the Detroit River in 20
ft of water near Belle Isle, Wayne County, Detroit,
Michigan. In the spring of 1989,1990, and 1991 the
mussels were monitored, and the corral was cleaned
of debris. The mussels' survival was documented by
video recorder and 35-mm still camera. In the
summer of 1992 the total contents of the enclosure
were collected by mussel dredge.

Individuals of £. triquetra were collected from 1
October through 4 October 1992 from the Clinton
River at Cooley Lake Road, Oakland County,
Waterford Township, Michigan, and temporarily held
in mesh bags immediately upstream of the collecting
site until they were transferred to a more secure
location farther upstream. Individual E. triquetra
placed at the relocation site were marked but not
housed in a corral. They were simply pushed into the
substrate, and their location was noted. These mussels
will be monitored in 1993 and are expected to be
reintroduced to the bridge site in the fall of 1994.

R e s u l t s

Black R iver

Table 1 shows the species composition and abun
dance of freshwater mussels from the Black River
station. On average, 788 individuals were collected
per day. A total of 118 live E. t. rangiana were
collected during this study. The sex ratio was 41%
f e m a l e a n d 5 9 % m a l e . O n e h u n d r e d f o u r t e e n

specimens ranged from 68 to 36 mm in length. Four
small individuals (< 28 mm in length) were also
c o l l e c t e d . T h e s e i n d i v i d u a l s c o u l d n o t b e s e x e d

using standard shell morphology. Males had a mean
length of 52 mm and females 48 mm. Three of the
118 individuals collected died prior to relocation.
Monitoring and cleaning of the Detroit River corral
was carried out in mid to late May of 1989,1990, and
1991. Observation of female display behavior
(Figure 2), which occurred during each of the May
monitoring sessions, is consistent with the persis
tence of the relocated individuals. However, re
moval of the entire contents of the corral on 24 July
1992 revealed that none of the relocated individuals
were alive. Monitoring sessions in 1989,1990, and
1991 revealed no obvious zebra mussel {Dreissena
polymorpha) encrustation of native freshwater
mussels in or around the corral. However, heavy

Table 1. Live mussels collected from the Black River
between Applegate and French Line roads, Sanilac
County, Michigan.*

Species Total number Percentage

A l a s m i d o n t a m n r g i m t a 1 7
A l a s m i d o n t a v i r i d i s 1 9
A m b l e m a p U c a t a 4 , 0 7 4
Anodontoides ferussaciamis 12
E l U p t i o d i l a t a t a 2 8
Epioblasma torulosa rangiana 12 (118)
F u s c o n a i a fl a v a 2 , 0 5 9
L a m p s i l i s c a r d i u m 2 2
L a m p s i l i s f a s c i o l a 1
L a m p s i l i s s i l i q u o i d e a 3 3 7
Lasmigona complanata 733
L a s m i g o n a c o m p r e s s a 4
L a s m i g o n a c o s t a t a 3 3 3
P l e u r o b e m a c o c c i n e u m 1 2

Plychobranchus fasciolaris 70
P y g a n o d o n g r a n d i s 4 7
S t r o p h i t u s u n d u l a t u s 6 0
V i l l o s a i r i s 3 7

Data are from 10 collecting days beginning 12 July
and ending 24 August 1988.
Number in parentheses reflects 32 collecting days.

co l l ec ted of col lect ion

1 7 0.21
1 9 0 . 2 4

4,074 51.72
1 2 0.15
2 8 0.36

12(118) ** 0 . 1 5

2,059 26.10
2 2 0.30

1 0 . 0 1

3 3 7 4 . 2 7

7 3 3 9 . 3 0

4 0 . 0 5

3 3 3 4 . 2 3

1 2 0.15
7 0 0 . 9 0

4 7 0 . 6 0

6 0 0.80
3 7 0.46

7,877 100.00
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Figure 2. Epioblasma torulosa rangiana female displaying
white mantle. This behavior is likely involved in
glochididal release and sperm acquisition.

encrustations were apparent on all individuals
removed from the corral in July 1992.

Clinton River

Table 2 shows the species composition and abun
dance of freshwater mussels from the Clinton River
station. On average, 528 individuals were collected
per day. A total of 804 live £. triquetra were collected
from this locality. The sex ratio was 48% female and
52% male. Seven hundred ninety-nine specimens
ranged from 67 to 29 mm in length. Five small
individuals (< 26 mm in length) were also collected.
These individuals could not be sexed using standard
shell morphology. Males had a mean length of 48
mm and females 39 mm. Visual monitoring of the
relocation site will be done in 1993, with the return
of the individuals to the original location scheduled
for the fall of 1994.

Table 2. Live mussels collected from the Clinton River at
Cooley Lake Road, Oakland County, Michigan, 1-4
October 1992.

To t a l n u m b e r Percentage
Species co l l ec ted of col lect ion

Elliplio dilatata 3 1 8 15 .1

Epioblasma triquetra 804 38.1
Lampsilis fasciola 2 0 .1

Lampsilis siliquoidea 2 0 .1
Pleurobema coccineum 1 0 1 4 . 8

Ptychobranchusfasciolaris 7 0 1 3 3 . 2

Pyganodon grandis 2 2 1 .0

Strophitus undulalus 1 1 4 5 . 4
Villosa fabalis 2 6 1 .2
Villosa iris 2 3 1 .0

To t a l 2,113 1 0 0 . 0

D i s c u s s i o n

Collection Techniques

Preliminary surveys were done by handpicking
mussels in the shallows with a glass-bottomed
bucket. This method required minimal manpower
and equipment, and therefore minimal expense.
More importantly, handpicking allowed the collec
tor to cover a relatively large area per given time
period and to take advantage of collections made by
natural mussel predators (e.g., muskrats and rac
coons). However, these techniques have too many
associated biases to be of much value as a reliable

quantitative method (e.g., see Hanson et al. 1989).
Collection with the mussel dredge covered a

relatively small area per given time period and
required more personnel and equipment than
handpicking. However, once the site was designated
for mussel removal, this was the method of choice. It
has the potential to collect all of the mussels within a
defined area. The lower size limit of the retained
mussels is determined by the mesh size of the
sorting sieve. In addition to this technique's utility
for relocation projects, it could be used to more
accurately evaluate mussel densities, recruitment,
sex ratios, and possible sex-specific behavior (e.g.,
are males located upstream of females just prior to
spermatozoa release?). A negative aspect of this
collection technique is the resultant massive distur
bance of substrate structure and dislocation of
i n h a b i t a n t s .

Biological Considerations
The Black River collecting site harbored 18 species of
freshwater mussels. Given that the major tributaries
of the St. Clair River (i.e., the Black, Pine, and Belle
rivers) contain 25 species (Hoeh and Trdan 1985),
this locality displayed a very diverse fauna. The
collecting area consisted primarily of a coarse gravel
substrate mixed with sand. Water color was some
what murky, especially after rainfalls, due princi
pally to agricultural run-off.

The Clinton River mussel fauna consists of 31
species and, except for the Maumee River of Ohio,
appears to have more species than any other stream
in the Great Lakes drainage (Strayer 1980). The
Cooley Lake Road bridge site contained 10 species.
This site had extremely clear water. The presence of
a number of lakes upstream of this site may account
for this extreme clarity. The substrate consisted
primarily of small rocks, gravel, cobble, and sand.
The numerical rank within each mussel community
and the amount of recent recruitment varied consid
erably between Epioblasma torulosa rangiana and
Epioblasma triquetra. E. t. rangiana made up a small
fraction (< 0.5%) of the mussels collected in the Black
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River while E. triquelra was the dominant species (>
38%) at the Clinton River site. In terms of recruit
ment comparisons, E. t rangiana displayed a very
pronounced discontinuous size distribution. The
vast majority of individuals were large (approxi
mately 50 mm in length). A minute number were
small (approximately 25 mm in length). In contrast,
E. triquetra at the Clinton River site showed a
continuous size distribution. There was a gradation
from large (67 mm in length) to small (29 mm in
length) individuals. These observations are consis
tent with the hypothesis that recruitment in the
recent past has been consistently lower in the Black
River E. t. rangiana population than in the Clinton
River E. triquelra population.

The fact the some of the transplanted Epioblasma
torulosa rangiana survived for three years while kept
in a corral is encouraging. Despite problems of
debris and silt building up on the upstream side of
the corral, we are confident that many of the trans
planted E. t. rangiana would be alive today if it
weren't for the invasion of the Detroit River by
Dreissena polymorpha.

Management and Protection Considerations
Before any major alteration of Michigan's freshwater
habitat can occur (bridge construction, dam repair,
marina development, etc.), state law requires
notification of the Michigan Department of Natural
Resources (MDNR), to which applications for
appropriate permits are submitted. However, in the
cleaning of designated county drains, the drain
commissioner need only obtain local approval for
the work to commence. Prior to the issuance of a
permit, the MDNR is obligated, by the Michigan
Endangered Species Act of 1974, to ensure the safety
of state-listed organisms. The Michigan Natural
Features Inventory (MNFI) maintains a database of
historical and current localities of these species. The
MDNR, in conjunction with the MNFI, notifies the
applicant if state-listed species may be encountered
during the project. The applicant, in turn, is required
to hire professional consultants to survey the area in
question and, if state-listed species are found, to
cievelop a plan to ensure the organisms' survival.
This plan may involve collection, relocation, and
possible reintroduction of those species subsequent
to completion of the project and stabilization of the site.

The Black River project was the MDNR's first
attempt at the relocation of an endangered freshwa
ter mussel population. Prior to this project, there
was much confrontation between the MDNR, the
public (i.e., mostly farmers), scientists, and the
Sanilac County Drain Commissioner. The resulting
chain of events was one of reaction instead of long-
range planning. The project was initiated subse

quent to the loss of a court case (MDNR vs. Sanilac
County Drain Commissioner) that focused on (1) the
appropriateness of requiring the Drain Commis
sioner to obtain a permit and (2) the response time
by the MDNR to a permit application. The outcome
is that Sanilac County now has 25 miles of drainage
ditch. Swift-flowing, cool, relatively clean water has
been replaced by shallow, warm, slow-moving
stagnant water that is best utilized in growing algae,
carp, and mosquitos. Riffles that once were fairly
common along this reach of the river were elimi
nated. Channelization has led to the elimination of
all known E. t. rangiana habitat. Even if the relocated
E. f. rangiana had lived, returning them to the Black
River in the foreseeable future would not have been
a viable option.

Nonetheless, the project was not without its
successes. We demonstrated that a population of an
endangered mussel species could be collected and
relocated if given adequate lead time. The tremen
dous amount of publicity that this project generated
raised the consciousness of many Michiganians. The
State of Michigan, particularly the MDNR, has been
put on notice that responses to inquiries and permit
applications must be addressed in a rapid and
conscientious manner. Furthermore, in our opinion,
county drain commissioners should (1) be required
by law to contact the MDNR before authorizing the
clean-out of any "drain" and (2) be required to work
within the bounds of the Michigan Endangered
Species Act.

In contrast to the Black River project, the Clinton
River project, at least to this point in time, has been
almost too good to be true. Local authorities in
Oakland County have been overwhelmingly in
support of our efforts to save valuable E. triquetra
habitat and are eager to ensure successful collection,
relocation, and reintroduction of these animals. We
had numerous conversations and meetings with
representatives of the Road Commission for Oak
land County and the engineering firm responsible
for designing the new bridge over the Clinton River.
We have all agreed on what needs to be done before,
during, and after construction. Permit applications
for endangered species collection were submitted by
the the commission to the MDNR after consultation
with the authors as to the best time to collect and
relocate mussels. Factors crucial to freshwater
mussel survival, such as maintenance of present
water flow patterns, replacement and addition of
suitable substrate, minimizing siltation, and stabili
zation of the river bank after construction, were
incorporated into the scope of the project Local residents
were kept apprised of the details of the operation through
television interviews and newspaper articles.

We are convinced that many Michiganians have
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come to realize that protection of valuable resources
(in this case endangered freshwater mussels) and the
need to maintain and upgrade the quality of human
life need not be mutually exclusive. In fact, the
Clinton River bridge project will be an excellent case
in point. The new bridge will provide better traffic
flow for the residents of Oakland County and at the
same time possibly improve habitat for endangered
freshwater mussels. The public was and should
continue to be educated. Maintaining and improv
ing mussel habitat not only saves endangered
mussels but also acts to preserve the Clinton River
ecosystem. The fishermcm, the hunter, the canoeist,
the wildlife photographer, and the person simply
seeking solitude from the pressures of everyday life
will be able to enjoy this valuable resource. It is our
opinion that the greatest challenge to successful
collection and relocation of endangered species, in
this case freshwater mussels, may not be from our
lack of knowledge or choice of methods, but from a
public perception that doing so would delay
projects, drive up costs, and ultimately cost jobs. All
of those concerns certainly are valid, but with
proper education of the public, well-planned and
reasonable turnaround time in the permit process,
and a thorough understanding of the project goals
and objectives by all involved parties, a workable
and mutually beneficial plan can be implemented in
a timely manner. More needs to be done to assure
continued success in our efforts to save endangered
species. It is important that the kind of cooperation
described for the Clinton River project becomes the
norm not only in Michigan but throughout the
United States and the world.

Zebra Mussel Considerations

Despite our best intentions and efforts, the preserva
tion of much of our native freshwater mussel fauna

may not be feasible due to the expected negative
impact of zebra mussels (Hebert et al. 1989,
ScWoesser and Kovalak 1991, Biggins 1992). The last
known Michigan population of £. t. rangiana (i.e., the
Detroit River population) is in extreme peril. In the
spring of 1991 only a very few D. polymorpha were
found in and around the corral holding the relocated
endangered mussels. There were large numbers of
zebra mussels in the Detroit River while the corral
was in place, but the vast majority were confined to
the Canadian side of the river (Kovalak, personal
communication). The corral, which was located on
the United States side, became encrusted with zebra
mussels during the summer of 1991. This coincided
with dramatic increases in zebra mussel densities

throughout the reach of the Detroit River from Lake
St. Clair to Belle Isle (Kovalak and Schloesser,

personal communication). Removal of the entire
contents of the corral in the summer of 1992 revealed
that virtually every native mussel examined was
e n c r u s t e d w i t h z e b r a m u s s e l s . A l l o f t h e r e l o c a t e d E .
f. rangiana were dead and found to be heavily
colonized. Heavy infestation of native unionids by
zebra musse ls can lead to the i r deaths in less than
one year (Schloesser, personal communication).

Summary
Comparison of the relocation plans for two of
Michigan's endangered freshwater mussel species
{Epioblasma torulosa rangiana and E. triquetra) demon
strated that, despite the many obstacles that had to
be overcome, relocation was a viable option for
protecting endangered freshwater mussel species. In
at least one instance, relocated mussels persisted for
over three years at the relocation site. We are
convinced that discussions on proper mussel
relocation procedures must include the scientific
community, politicians, county, state and federal
agencies, and the public. Collection of mussels for
relocation was facilitated by the use of two comple
mentary techniques: handpicking and mussel
dredge. Use of the mussel dredge could be a great
aid in future ecological research on freshwater
mussels (e.g., recruitment studies). Our direct
observation of the devastating effects of zebra
mussels on E. f. rangiana adds to the urgency of
obtaining increased funding for discussion and
research to engender mitigation techniques.
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Detailed Inventory of Freshwater Mussels in the Lower Ohio
River, Miles 918.0 to 981.0

Terry S. Siemsen
U.S. Army Corps of Engineers, Louisville, Kentucky

Abstract The Louisville District of the U.S. Army Corps of Engineers is developing a detailed
inventory of freshwater mussels in the lower Ohio River, mile 918.0 to mile 981.0, to delineate the
areal extent of unionid mussel concentrations. This reach of the Ohio River has been physically
inventoried to determine presence/absence of unionids because of ongoing navigation mainte
nance dredging requirements. Past surveys of this portion of the Ohio River provided limited
accurate data regarding bounds of mussel beds. The recent intensive brailing and diver studies
have emphasized the use of Global PositioningSatellite relative positioning equipment to provide
clear, reproducible mapping coordinates of study transects and known and/or new beds. The
intent of the current mussel investigation is to provide the maintenance dredging program with
the best possible location data regarding mussel resources to ensure avoidance of mussel
concentrations and adverse impacts.

I n t r o d u c t i o n

The Louisville District of the U.S. Army Corps of
Engineers conducts a major annual navigation
channel maintenance dredging program. Dredging
to maintain minimum navigable channel depth and
width typically begins in mid-May and is completed
by mid-&ptember. The majority of the dredging
occurs in the lower Ohio River from Smithland
Locks and Dam (Ohio River Mile [ORM] 918.0) to
Cairo, Illinois (ORM 981.0), the confluence of the
Ohio River with the Mississippi River.

Channel maintenance dredging is performed by
a large cutterhead suction dredge with disposal of
dredged material in open water areas removed from
the navigation channel. Although the volume of
material dredged varies considerably, it is not unusual
for about 2 million cubic yards of material to be
removed from this reach of the Ohio River each year.

This paper is not intended to be a detailed report
of work by others; rather, it is a review of the actions
and data needs of a federal agency that has responsi
bilities that may significantly affect some of the best
freshwater mussel populations in the Ohio River
drainage. Specific reports of findings can be ob
tained from the Louisvil le District.

Need For Inventory
In August 1991, the contractor conducting mainte
nance dredging removed a small area of gravel
substrate near Mound City, Illinois, that was deter

mined to be a potential hazard to commercial
navigation traffic. Along with the gravel and sand
substrate, several thousand unionid mussels were
also dredged and disposed of on a mid-river gravel
bar. The vast majority of the dredged mussels were
lost. The mussel resource impacted by the dredging
operation had not been identified in earlier resource
i n v e n t o r i e s .

It was determined that the most prudent course
of action would be to conduct a detailed inventory
of mussel resources at the earliest possible date to
insure that such an event would not again occur.
Potential material removal areas were determined
based on past dredging records. Large zones were
delineated to include any disposal activity along
with possible sediment plumes that might be
associated with open water disposal of dredged
material. The emphasis of these inventory efforts
was focused on presence and absence of unionids
with a clear plan to practice total avoidance of
mussel resources in all future navigation dredging
activity. It was also decided that the mapping
should use the most current available position
location equipment, and Global Positioning Satellite
(GPS) receivers were identified as the most appro
priate equipment.

P r e v i o u s U n i o n i d I n f o r m a t i o n

The unionid population for this reach of the Ohio
River had last been systematically inventoried by
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Williams and Schuster (1989) in 1981 as part of work
conducted for a joint study by the Corps of Engi
neers, the Kentucky Department of Fish and Wildlife
Resources, and the U.S. Fish and Wildlife Service.
E a r l i e r w o r k i n t h e l o w e r O h i o R i v e r i n c l u d e d a n

inventory by Neff (1980) for the Louisville District.
Williams' 1967 inventory of the Ohio, Tennessee,
and Green rivers provides the best early baseline
information for the lower Ohio River (Williams 1969).

The 1967 study identified nine areas of unionid
concentrations in tiie study area during brailing
(Williams 1969). Thirteen years later, Neff (1980) found
mussel concentrations at a total of 10 locations. But in
1981, Williams and Schuster (1989) located only five
mussel beds in this reach of the Ohio River.

Descriptions of the locations of these areas
varied by investigator, water conditions at the time
of survey, availability of landmarks (or the lack of
them), and equipment available for position deter
mination. This lack of certainty of location made
these inventories poorly suited to be guides for
maintenance dredging activity.

M a t e r i a l s a n d M e t h o d s

Inventory of the reach from ORM 918.0 to ORM
981.0 was accomplished by contract efforts with
Environmental Science and Engineering (ESE), Inc.
and Malacological Consultants. ESE conducted field
inventories during October 1991 for the reach from
ORM 918.0 to ORM 938.9. Malacological Consultants
inventoried the remaining reach (ORM 938.9 to
ORM 981.0) during June and July 1992.

Both contractors were directed to perform
brailing of known or potential work areas as defined
by maps supplied by the Louisville District. The
location and number of brail transects were not fixed
for the purposes of the contracts since the mussel
beds were poorly defined and flexibility for the
study investigators was necessary. Only the size of
the brail (minimum 8 ft) and the length of transects
(minimum 100 m) were defined in the contract
scope. The intent of the brailing effort was to obtain
reasonably defined areas of mussel concentrations
and to focus diver surveys to further define bed
limits. If mussel concentrations extended to the
limits shown on mapping provided by the Louisville
District, the contractor was directed to continue
brailing until the limits of the bed were found.

Eadi contractor was directed to provide divers to
define bed locations. The method to be employed by
these divers was left vague again for the investigator
since this reach of the Ohio River is subject to signifi
cant variations in stage and flow. These fluctuations
can make dive survey conditions simple exercises or
provide current and visibility conditions that prohibit

diving. Live boat diving was the preferred technique
but was limited to perils of low currait velocity.

An additional requirement of each contractor
was the use of GPS positioning equipment to
d e t e r m i n e l o c a t i o n s o f a l l b r a i l t r a n s e c t s a n d l i m i t s
of mussel concentrations. It was recognized that the
full constellation of GPS transmitters had not yet
been reached and that some bogus location readings
could result during field studies. This was deter
mined acceptable for several reasons. First, this
reach of the Ohio River has few landmarks, and
accurate positioning using existing maps is difficult
for even those individuals familiar with this area.
Second, the position of beds relative to shoreline
varies with river stage, and precise locations based
on "snapshot" observations are of little use for
relocation of beds. Also, the Louisville District is
rapidly moving to the use of GPS for all bathymetric
surveying and dredge positioning. The location of
resources by GPS will be easily integrated into the
total District program. Important to future resource
inventories, these GPS location coordinates can be
reconfirmed by future studies or updated as better
equipment becomes available. Finally, a geographic
information system (GIS) database is being devel
oped for this reach of the Ohio River, and accurate
positioning of mussel concentrations was considered
n e c e s s a r y.

R e s u l t s
A field survey of the entire study reach was com
pleted in July 1992, but mapping and reports for the
lower portion (ORM 938.9 to ORM 981.0) have yet to
be completed. A description of the work accom
plished for the reach between ORM 918.0 to ORM
938.9 characterizes results to date.

This upper portion of the study area was found
to include four distinct mussel beds. This compares
to one as described by Williams (1989) and none by
Neff (1980). The one bed reported by Williams (1989)
was found to be significantly longer than previously
reported. Additional beds were noted along the
Illinois shore (one bed) and the Kentucky shore (two
beds). One of the newly identified beds along the
Kentucky shore extends about 3.5 miles (5.6 km),
representing a significant finding.

The study of this upper portion of the reach of
interest included 152 brailing transects. The begin
ning and ending points of these transects were
recorded for location of large-scale maps. Many of
these transects yielded no unionids. Null result
information is, however, equally valuable as com
pared to brail hauls that provided a number of
individuals, particularly since the dredging program
intends to accomplish resource avoidance.
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Summary
The use of brailing transects with confirmatory diver
surveys was an effective technique for this mussel
inventory. Brail transects in the three new beds and
one bed extension provided a good first indication of
mussel presence. Diver surveys indicated, however,
that portions of the beds were covered with thin layers
of silt, typically between 0.5 to 1 inch in depth (1 to 2
centimeters). In these areas, brailing was of limited
success or unsuccessful. Divers, however, were able to
easily find concentrations of mussels and completed
the delineation of the mussel beds. An absence of diver

surveys would have resulted in much smaller areas
noted as beds with significant portions of mussel
concentrations missed. Diver surveys alone are
prohibitively expensive for a river as large as the Ohio.
The combination of techniques provided the best
available survey results.

GPS for mapping is clearly the tool to be used
for future resource inventory on large rivers. The
relative success of this technology at present is based
on satellite availability, equipment with a sufficient
number of receiving channels, and operator experi
ence. The continued use of GPS for resource map
ping will improve the location coordinates of critical
resources and will help assure that accidental
intrusions into mussels beds during dredging will
be limited in the future.
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Comparative Response of Ceriodaphnia dubia and Juvenile Anodonta
imhecillis to Selected Complex Industrial Whole Effluents

Donald C. Wade, Robert G. Hudson, and Aubrey D. McKinney
Tennessee Valley Authority, Muscle Shoals, Alabama
Presbyterian College, Clinton, South Carolina
Tennessee Wildlife Resources Agency, Nashville

Abstract. The responses of Ceriodaphnia dubia as test organisms in 7-day chronic daily-renewal
bioassay and 6-day-old Anodonta imhecillis in 9-day acute daily-renewal bioassay are compared.
A value for relative sensitivity to selected complex industrial whole effluent samples is generated
following determination of an observed and calculated no observable effect concentration. Results
from tests using effluents from two pulp and paper facilities and a coal-fired steam electric facility
ash pond indicate that juvenile mussels are more sensitive than Ceriodaphnia to selected effluents
and should be used to assess the toxicity of effluent releases to waters with freshwater mussels.

I n t r o d u c t i o n

Treated industrial effluents have a major impact on
the nation's surface waters. The U.S. Environmental
Protection Agency (EPA), in the 1990 technical
support document for water quality-based toxics
control, suggests a comprehensive approach to
establishing effluent guidelines under the National
Pollutant Discharge Elimination System (NPDES).
This approach includes evaluation of chemical-
specific standards, whole effluent toxicity limitations
based on bioassay results using standardized test
methodology, and instream biosurvey information
to evaluate the impact of effluent releases on the
various components of the aquatic community in the
receiving stream.

At present, both acute and chronic standardized
whole effluent test procedures have been adopted
by EPA using surrogate organisms such as
Ceriodaphnia dubia to evaluate benthic community
response to industrial releases. The nationwide
decline in freshwater mussels may indicate that
currently accepted bioassay methodologies are
inadequate to evaluate the response of mussels to
complex whole effluents or selected contaminants.

Isom and Hudson (1984) published a methodol
ogy for the transformation of freshwater mussel
glochidia into juvenile mussels using complex liquid
growth media in a modified in vitro cell culture
technique. Wade et al. (1989) reported the successful
development and use of a 9-day acute toxicity test
utilizing artificially transformed juvenile (6-8 day)
Anodonta imbecillis. The advantages of utilizing

Anodonta imbecillis as a test species include relatively
wide distribution and availability, tolerance of
transport and relocation to a laboratory setting,
extended annual period when adults are gravid, and
successful transformation of glochidia to juveniles in
c u l t u r e m e d i a .

Previous bioassays using juvenile Anodonta
exposed to selected contaminants suggest a mini
mum 5- to 9-day exposure is required to realize an
acute endpoint effect. The availability of a 9-day
acute bioassay methodology using juvenile Anodonta
imbecillis affords the opportunity to evaluate the
comparative response of juvenile mussels and
Ceriodaphnia dubia exposured to selected industrial
w h o l e e f fl u e n t s .

M e t h o d s

Effluents were collected by grab sample from three
industrial discharges believed to exhibit negligible
waste stream variability. Approximately 10 liters are
required for the 7-day chronic Ceriodaphnia test and
30 liters for the 9-day acute juvenile mussel test.
Effluent samples are iced for transport and main
tained in the laboratory at 4°C.

Seven-day daily-renewal chronic tests using
Ceriodaphnia dubia follow the recommendations of
EPA (1989), using neonates less than 24 hours old.
Test concentrations generally included exposure to
100%, 50%, 25%, and 12.5% effluent. Results were
statistically analyzed using a computer program

Conservation and Management of Freshwater Mussels: Proceedings of a UMRCC Symposium
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Table 1. Protocol for conducting toxicity tests using
juvenile freshwater mussels.
Te s t s p e c i e s A n o d o n t a i m b e c i l l i s ( fi

Test type

Temperature
Photoperiod
T e s t c h a m b e r v o l u m e 2 5 0 m l

Renewal of test solutions Daily

Age of test organisms 6-10 days*
Number mussels per replicate 15

Replicates per concentration 3
F e e d i n g r e g i m e D a i l y - C o n c e n t r a t e d

indigenous algae bloomed
in d i lu t ion water. A lso
clean silt (filtered through
100-pm Nitex® to facilitate
visual observations)

A e r a t i o n N o n e

Dilution water 5 pm bag filtered receiving
water - No d i lu t ion

required in screening study
T e s t d u r a t i o n 9 d a y s
Effect measured Stress - Impaired movement

Mortality - Absence of
ciliary action or empty shells

* Younger mussels can be used; however, by 6 days the
activity of young mussels has increased to a level that
ensures inclusion of viable individuals into the test.

provided by EPA. Toxicity endpoints include
reproduction and mortality. Data are interpreted to
establish values for 96-hour 7-day LCg ,̂ and 7-
day no observable effect concentration (NOEC).

Nine-day daily renewal acute tests using
juvenile (6 days old) Anodonta imbecillis follow the
methodology reported by Wade et al. (1989). Tests
used daily static renewal where 15 juvenile mussels
in 250-ml test chambers were exposed to three
replicates of each effluent concentration. Each daily
replicate was provided with 800 mg of prescreened
(100 |im) silt and 6 ml of algal concentrate per liter.
Mussels were confined in 50-mm-diameter glass
cylinders fitted with a bottom of 100 mm Nitex*^
screen to facilitate handling, observation, and daily
renewal. Wade (1990) summarized both the test
protocol (Table 1) and toxicity endpoints (Table 2).
During the test, physical/chemical monitoring
includes dissolved oxygen, temperature, and pH
measurements initially and at the conclusion of each
24-hour period prior to renewal. Data are inter
preted to establish acute LCj, LCĝ , and LC„ concen
t r a t i o n s .

Anodonta imbecillis (fresh
water mussel, Unionidae)
Solid phase, static, daily
r e n e w a l

2 4 ± 1 ° C

A e r a t i o n

D i l u t i on wa te r

Tes t du ra t ion

Effect measured

Table 2. Toxicity endpoints: criteria used to evaluate stress
and differentiate between living and dead juveniles.

Alive/active Foot protrudes from shell within a
minute of settling to the bottom of the
dish; foot locates dish bottom and "flips"
shell into an upright position; mussel
glides along dish bottom extended foot.

Alive/stressed Shell remains closed or gapes open with
foot immobile and protruding; close
observation reveals only slight foot
motion; ciliary action obvious.

Dead Shell gaped open with detrital material
adhered to soft tissues just within the
shell (indicating absence of ciliary
movement which sweeps this area clean
in live, active and stressed, mussels);
and/or decomposition of soft parts
(indistinguishable foot, organs, etc.,
usually accompanied by protozoans
within the shell); or empty shells.

R e s u l t s a n d D i s c u s s i o n

There are several possibilities for developing a
chronic NOEC value from data generated by an
acute test. EPA (1990) recommends the use of an
acute to chronic ratio (ACR) for establishing a NOEC
for the release of complex whole effluents. An ACR
of 10 (where the acute LCĵ /lO = chronic NOEC) is
recommended where good acute data are available
but chronic data are either inadequate or unavail
able. Another approach is recommended by
Schweinforth and Wade (1990), in which an acute 9-
day test and a sub-chronic 90-day test are conducted
utilizing a reference toxicant. The ACR resulting
from the use of manganese as a reference is 6 (where
the acute LC^yb = chronic NOEC).

The relative sensitivities of Ceriodaplmia dubia in
a 7-day chronic test and Anodonta imbecillis in a 9-
day acute test are presented for two comparative
methodologies as follows and in Tables 3 and 4.
Comparative results using both EPA and manganese
source reference methodologies are summarized in
Ta b l e 5 .

Establishing a chronic NOEC from an acute 9-
day test utilizing Anodonta imbecillis should take into
consideration that this mussel is likely to be more
tolerant of selected pollution-related stresses than
are many other mussel species. As a group, Anodonta
are considered to be quite tolerant of elevated
temperature, low dissolved oxygen, siltation, and
extended periods of no flow. Anodonta's successful
exploitation of ponds in agricultural settings may
indicate a tolerance for selected organic contaminants.

EPA advocates the use of standardized bioassay
methodology for whole effluent tests and has
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Table 3. Sensitivity of juvenile mussels {Anodonta
imbecillis) and Ceriodaphnia to industrial complex effluents
from three sources usine the EPA-recommended ACR.

Ceriodaphnia* Anodonta*

Table 4. Sensitivity of juvenile mussels {Anodonta
imbecillis) and Ceriodaphnia to paper company complex
effluents using observed ACR for manganese.

Pulp and paper effluent
LC„
N O E C : S u r v i v a l

N O E C : G r o w t h

Relative sensitivity

Paper processing effluent

N O E C : S u r v i v a l

N O E C : G r o w t h

Relative sensitivity

Steam plant ash pond effluent
LC30
N O E C

> 1 0 0 % 3 8 . 6 %

> 1 0 0 %

2 5 % 3 . 8 6 % "

25.00/3.86 = 6.50

9 . 6 % 2 . 2 %

6 .3%

3 . 1 3 % 0 . 2 2 % "

3.13/0.22 = 14.2

> 1 0 0 % 1 0 0 %

> 1 0 0 %

Relative sensitivity: No toxicity endpoint reached
* Ceriodaphnia: 7-day chronic test. Anodonta: 9-day acute test.

" Based on EPA suggested conversion LC^̂  to NOEC
(ACR = 10) for nonpersistent waste.

published procedures utilizing surrogate organisms
to represent critical lifestages of the benthic commu
nity organisms. Results to date indicate that
Ceriodaphnia dubia are less sensitive than Anodonta
imbecillis to selected complex whole effluents and
may be inadequate as a surrogate for the freshwater
mussel component of the benthic community.

The need for a standardized bioassay test
procedure utilizing juvenile mussels in an acute test
is, at present, weighed against both the considerable
expense of gathering sufficient information to
support the adoption of a standard methodology,
including the response of juvenile mussels to
reference toxicants, and the fact that so few states
have significant mussel resources that it is difficult
to raise mussel bioassay to a priority status.

At the federal level, two independent programs
may find an increasing need for juvenile mussel
testing. First, a rapidly increasing number of native
freshwater mussels are either listed or are proposed
for listing as federally protected endangered species
by the U.S. Fish and Wildlife Service. Juvenile
mussel testing could be a valuable component of
required recovery plans and identification of sources
of toxicity. Second, EPA has recently undertaken to
establish criteria for contaminants in sediments.
Because available bioassay test procedures for
juvenile mussels are readily adaptable to evaluate
both sediment and sediment interstitial (pore) water,
there is an opportunity to promote adoption of a
standardized methodology. Additionally, McCarm
and Neves (1992) have clearly demonstrated the

Ceriodaphnia* Anodonta*

Pulp and paper effluent
End-of-test mortality

in 100% effluent

Test endpoint*
S u r v i v a l

G r o w t h

Relative sensitivity

Paper processing effluent
End-of-test mortality

in 100% effluent

Test endpoint*
S u r v i v a l

G r o w t h

Rela t i ve sens i t i v i t y

NOEC > 100%

N O E C = 2 5 %
LC50 = 38.63%

N O E C = 6 . 4 % * *

25/6.4 = 3.9

1 0 0 %

(10% in 6.25%
effluent)

NOEC = 6 .25%

1 0 0 %

(100% in 5%
effluent)

L C „ = 2 . 2 0 %

N O E C = 3 . 1 3 % N O E C = 0 . 3 7 % * *

3.13/0.37 = 8.7

* Ceriodaphnia: 7-day chronic test. Anodonta: 9-day acute test
** Based on ACR = 6; 9-day acute vs. 9(klay subchronic

exposure of juvenile mussels to Mn.

Table 5. Comparison of sensitivity* as calculated using the
EPA method and the TVA 9-day acute/90-day subchronic
exposure to manganese reference.

EPA Mn reference

P u l p a n d p a p e r e f fl u e n t 6 . 5 3 . 9
P a p e r p r o c e s s i n g e f fl u e n t 1 4 . 2 8 . 7
S t e a m p l a n t a s h p o n d e f fl u e n t 1 1

No toxicity endpoint reached
* Listed factors by which Anodonta are more sensitive titan

Ceriodaphnia in whole-effluent bioassay.

utility of early life stage mussel bioassay for evalua
tion of the toxicity of selected contaminants. A
cooperative effort by states with significant mussel
resources could result in whole effluent bioassay
evaluations more protective of mussels than cur
rently recognized methodology using surrogate
species. Research is needed to evaluate the response
of juvenile mussels to a wide variety of reference
toxicants and the various categories of complex
whole industrial effluents. Municipal discharges
with significant industrial pretreatment sources are
also candidates for evaluation.
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Mussel Diversity as a Function of Drainage Area and Fish
Diversity: Management Implications

G . T h o m a s Wa t t e r s
Ohio State University, Aquatic Ecology Laboratory, Columbus

Abstract. Forty-seven riverine systems in the Ohio River drainage were included in a study of the
relationships between mussel diversity, fish diversity, and drainage area. Fish data were shown
to follow a species-area curve, with diversity highly correlated with area. A similar relationship
was found for mussels and area. Lines for fish and mussel diversity, versus area, were parallel.
However, the greatest correlation occurred between fish and mussel diversity (r^ = 0.92). At any
drainage size, numbers of fish species outnumber mussel species by a factor of approximately 2.25.
The diversity of mussels for a given river depends on the diversity of fishes in that river, and the
approximate number of mussel species for an area can be estimated if the fish diversity is known.
Because of the high degree of correlation between these data, estimates may even be made without
knowledge of the fish diversity. The relationships also help to define statistically "high" and "low"
diversity systems.

I n t r o d u c t i o n

Most workers in the field of freshwater malacology
have felt that there may be a relationship between
the numbers of species of unionids and fishes in a
river, although this phenomenon has not previously
been quantified or tested. Most, if not all, unionids
require a host in the glochidial stage of their life
cycle, and the majority of those hosts are fishes.
Tlierefore, the greater the diversity of fishes in any
given river, the higher the potential for that drainage
to include unionid hosts and, hence, to support a
greater unionid diversity. Unfortunately, the hosts
for many unionids are unknown, and the reported
host lists for others may be fragmentary or spurious
(for review, see Hoggarth 1992, Watters 1992a).

Watters (1992b) has shown that in the Ohio
River drainage, the diversity of fishes and unionids
are correlatê  regardless of known host-parasite
relationships. Fish diversity in turn is correlated with
the drainage area of the riverine system. Theoretical
and strictly biological discussions of these relation
ships may be found in the original study. Efforts
now are under way to model this relationship and
determine its implications for unionid host specific
ity. The current study examines some management
and conservation potentials for these results.

M e t h o d s a n d M a t e r i a l s

The d ivers i t ies o f un ion ids and fishes were taken f rom
the literature for 47 riverine systems—37 systems in
the Ohio River drainage and 10 in the Maumee River
system (Watters, 1992b). The Maumee River was
included because it was once a glacial outlet into the
Wabash River, and its unionid fauna bears more
resemblance to the Ohio River fauna than i t does to the
Laurentian (Clark and Wilson 1912, Walker 1913). The
data included extinct, extirpated, and introduced
species of mussels and fishes. Several systems had data
for unionids, but not fishes.

Species numbers of fishes and unionids were
plotted against each other and against drainage area.
Regression lines were best fit to either linear or
power functions. Slopes of lines were compared
wi th a t - t es t .

R e s u l t s a n d D i s c u s s i o n

The plot of number of species of fishes on the
species-area curve (Watters 1993; Figure 1) has the
power function:
# sp. fishes = 4.686 sq. km r^ = 0.81; p(r2) <
0 .0000 .

Unionids show a similar species-area curve relation
ship (Figure 1):
# sp. unionids = 1.738 sq. km r^ = 0.84; p(i:̂ ) < 0.0000.

Conservation and Management of Freshwater Mussels: Proceedings of a UMRCC Symposium
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The two lines are nearly parallel, with the probabil
ity of bj P322) - ̂ 210.343] ̂  using a t-test for different
slopes.

T h e d i v e r s i t i e s o f u n i o n i d s a n d fi s h e s a l s o a r e
correlated on a linear plot (Figure 2):
# sp. unionids = 0.046 + 0.445 # sp fishes; r^ = 0.92;
p(r2)< 0.0000.

Since Jaccard's (1908) observation that larger areas
contain predictably greater numbers of species than
smaller areas, the concept of the species-area curve has
been applied to many scenarios. Fish diversity has
been shown to be related to drainage area or drainage
volume (Angermeier and Schlosser 1989, Swift et al.
1986), and the diversities of the 47 systems studied
here follow a well-defined species-area curve (Figure
1). Unionids also show a species-area curve relation
ship, and the lines of fish and unionid diversity are
nearly parallel (Figure 1). It is unlikely that two groups
of organisms as different as fishes and mussels would
show the same species-area curve.

The data also may be represented as a cumulative
curve, showing the cumulative numbers of systems
having x number of species (Figure 3). Because fish
diversity data were not available for some systems, not
all 47 drainages were used. Again, the lines for fish
and imionid diversity track each other.

Apparently, unionid diversity is not a conse
quence of drainage area, but of the established
relationship between fishes and drainage area, and
the host-parasite relationship between fishes and
mussels. Thus, if fish diversity is covariant with
drainage area and unionid diversity is covariant
with fish diversity, then unionid diversity also is
related to drainage area, but in a notibiological way.
This has important implications for management and
conservation. The expected number of unionid species

for this data is given by the best fit line either between
fish and unionid diversity (Figure 2), or between
unionid diversity and drainage area (Figure 1).

The ratio of fish diversity to expected unionid
diversity is essentially a constant. TTie ratio only
varies from approximately 2.21 for a 10 km^ drainage
to 2.25 for a 100,000 km^ system (Figure 4). This ratio
may be used to represent the average unionid
diversity expected for a known fish diversity. For
example, a system having 100 species of fishes
would be expected to have 44 species of mussels, on
average, and a fish diversity of 250 would yield a
unionid diversity of 111 species (Figure 5).

The number of fish species in a drainage is not
always known, and no reasonable estimate of unionid
diversity can be made by the above method in these

^ 160-

^ 140"
1 0 0 -

^ 60-
• . .

• . y :

r2=0.92

p<0.0000

1 0 0 1 5 0 2 0 0 2 5 0 3 0 0 3 5 0

Number of Fish Species
Figure 2. Plot of numbers of species of unionids vs. fishes,
p = probability for r^.

o F i s h e s
m ^ . 3 2 2

• M u s s e l s
m ' 0 . 3 4 3

^ 100-V

" s 1 0 o F i s h e s

• M u s s e l s

1 0 0 0 0 1 0 0 0 0 0 0

Drainage Area (sq. km)
Figure 1. Log-log plot of numbers of species of unionids
and fishes vs. system drainage areas. Lines represent best
fit power functions for each regression, m = slope.

Cumulative Number of Drainages

Figure 3. Semilog plot of numbers of species of unionids
and fishes by cumulative number of drainages. The graph
should be read as the x number of drainages that contain
at least y number of species.
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situations. However, because of the relationship
between unionid diversity and drainage area, an
estimate may be made based solely on the size of the
system. A drainage of 1000 km ĥas an expected unionid
diversity of 19 species, and a 100,000 kmMrainage
area, an expected diversity of 90 species (Figure 6).

Because the estimates are based on regression
analysis, it is possible to assign systems to different
levels of diversity corresponding to normal, high,
and low with statistical confidence limits. In Figure 7, a
95% confidence interval is shown around the best fit
line. Systems within that limit are not different from
the expected diversities for a drainage area. Systems
above the limit may be considered high-diversity
drainages, and those below as low-diversity drain-

1 1 0 1 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0

DrainagB Area (sq. km)

Figure 4. Semilog plot of ratio of numbers of species of
fishes/unionids vs. drainage areas based on relation
between numbers of fish species and numbers of unionid
species. Shaded area represents possible range of ratio
values for drainage areas studied.

0 S O 1 0 0 I S O 2 0 0 2 S 0 3 0 0 3 9 0

Number of Fish Species

Figure 5. Estimates of unionid diversity for a given fish
diversity as calculated by regression line.

ages. Notice that Ohio Brush Creek and Big Darby
Creek are high-diversity creeks, whereas the Allegh
eny River is a low-diversity river. The Tennessee
River, despite its apparent high diversity of mussels,
is shown to contain the expected number of species.
Low-diversity systems may be singled out for
inspection for impacts, and high-diversity drainages
marked for conservation. Other confidence limits
could be chosen to restrict or broaden the concept of
high- and low-diversity systems.

There are several caveats associated with the use
of these calculations. First, some systems are natu-

1 1 0 1 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0

Drainage Area (sq, km)

Figure 6. Estimates of unionid diversity for a given
drainage area as calculated by regression line.

1 1 0 1 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0

Drainage Area (sq. km)
Figure 7. Log-log plot of numbers of species of unionids
vs. drainage areas. Line represents best fit power function
for regression. Shaded area represents 95% confidence
interval of slope. Drainages above line are higher than
average diversity systems; those below line have lower
than average diversity.
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rally diversity-poor, usually due to unfavorable
habitats. However, inspection should reveal whether
this diversity is due to correctable impacts or natural
conditions. Second, this analysis cannot be used for
a site, but only for the system as a whole. Third, the
results apply only to the Ohio River drainage.
Preliminary work suggests that each major drainage
or region may have its unique signature curve. This
will be the subject of future studies.

Summary
Within the Ohio River drainage, the diversity of
mussels is related to the fish diversity and the
drainage area of any given system, regardless of
size. The ability to compute an expected unionid
diversity for any given system has potential for
management and conservation efforts. It is possible
to determine how a river fares in relation to an

average system, and to identify high- and low-
diversity drainages. Low-diversity systems could be
examined for a cause of the below-average diversity.
If the cause is human-made, efforts may be made to
restore the system to an average diversity level.
Conversely, high-diversity drainages may be
identified for protection. In monitoring studies and
indices employing comparison with average or
above-average systems, these choices may be made
with statist ical confidence.
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Can Biogeographic Models Be Used to Predict the Persistence of
Mussel Populations in Rivers?

Caryn C. Vaughn
Oklahoma Biological Survey and Department of Zoology, University of Oklahoma, Norman

Abstract. The relative immobility, long lifespan, filter-feeding habits, and parasitic glochidial
stage of freshwater mussels make them especially vulnerable to habitat fragmentation, and many
species of mussels are declining or endangered. Biogeographic models can be used to make
predictions about the persistence of rare species in a fragmented landscape. A metapopulation is
a system of local populations connected through dispersal. Long-term conservation of mussel
species requires that viable mussel populations be protected. Determining what constitutes a
viable mussel population requires several steps. Existing metapopulation models should be
empirically tested using mussel data. These models should then be modified to encompass the
unique life history characteristics of mussels and the linear nature of riverine systems.

I n t r o d u c t i o n

Twenty-five years ago McArthur and Wilson (1967)
introduced the equilibrium theory of island biogeog-
raphy. This theory states that the number of species
present on an island results from a balance between
c o n t i n u o u s c o l o n i z a t i o n a n d e x t i n c t i o n . I n t h e 1 9 7 0 s
island biogeography theory was considered the
most important theory for reserve design, and this
theory gave rise to continuing arguments about
whether to allocate one large or many small re
serves, or the SLOSS (single large or several small
habitat patches) debate (Hanski and Gilpin 1991).
Recently, stream ecologists have applied the island
biogeography model to lotic ecosystems as a means
of determining recovery rates from disturbances (for
review, see Gore and Milner 1990).

At the same time island biogeography theory
was developing, another theory was published by
Richard Levins (1969,1970), who was trying to
develop a model to control insect pest species over a
large region within which local populations fluctu
ated asynchronously. He coined the term
"metapopulation" to describe a system of local
populations connected through dispersal, or a
"population of populations." Like the theory of
island biogeography, the metapopulation concept is
closely linked with the processes of population
turnover, extinction, and establishment of new
populations (Hanski 1989). Metapopulation models
are important tools for understanding distribution
and abundance of organisms at large spatial scales.
Because these models integrate local population

dynamics with immigration and extinction events
occurring between population sites, they form a
bridge between the traditionally separate domains
of population ecology (local abundance) and bioge
ography (regional occurrence). There are some
major differences between metapopulation theory
and island biogeography theory. Island biogeogra
phy is concerned with many species occupying a set
of islands or habitat islands, whereas metapopulation
models are concerned with many populations of one
species. Island biogeography theory assumes a
continuous source of colonists, but in

metapopulation theory dispersal is between local
populations themselves.

Part of the challenge in understanding the
dynamics of species distributions in patchy habitats
comes from the different ways in which researchers
have defined patches and local populations (Pickett
and White 1985). These problems can be simplified
by asking questions about the distribution of indi
viduals and species at biologically relevant spatial
scales (Lord and Norton 1990). In metapopulation
terminology the local scale refers to the scale at which
individuals move and interact with each other in the
course of their routine feeding and breeding activi
ties. The geographical scale is the scale of the species'
entire geographical range; individuals typically have
no possibility of moving to most parts of the range.
Metapopulation scale is a regional scale at which
individuals infrequently move from one place (local
population) to another, typically across habitat types

Conservation and Management of Freshwater Mussels: Proceedings of a UMRCC Symposium
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that are not suitable for their feeding and breeding
activities, and often with substantial risk of failing to
locate another suitable habitat patch in which to
settle (Hanski 1991).

Although metapopulation theory is well-developed
(Hanski and Gilpin 1991), many empirical questions
about how metapopulations fimction remain to be
answered (Harrison 1991). Many species with a
formerly continuous spatial distribution are being
turned into possible metapopulations by habitat
fragmentation (e.g., spott̂  owl). Metapopulation
models can aid in conservation planning by making
predictions about species persistence under various
patch size and dispersal conditions. Metapopulation
structure has important genetical consequences for
conservation (Gilpin 1991). The decade-old SLOSS
controversy is fundamentally a metapopulation
question (Hanski and Gilpin 1991).

The relative immobility, long lifespan, filter-
feeding habits, and parasitic glochidial stage of
freshwater mussels make them especially vulnerable
to habitat disturbance, particularly habitat fragmen
tation. There have been major declines of mussel
populations and species diversity in North Ameri
can over the past century (see Neves 1993, this
volume). One major cause of these declines has been
the fragmentation of river drainages through
impoundments and channelization, which alter flow
and sedimentation patterns. Because of their depen
dence on appropriate substrate and flow conditions,
freshwater mussels are naturally distributed in
patches in rivers. Fragmentation acts to increase
patchiness and to increase the distance between
patches. These effects may have major consequences
for the metapopulation structure of mussel species,
particularly rare species and those with narrow fish-
host requirements. Contact with an appropriate fish
host and the location where young mussels are shed
from the host is largely due to chance, and only
juveniles that reach a favorable habitat survive
(Neves and Widlak 1987). Because only larvae can
move between patches and juvenile survival is low,
potential rates of colonization of empty patches (i.e.,
local populations) are already low. Conservation of
mussel species is critically linked to preserving a
viable metapopulation structure for these species. In
riverine systems, fragmentation has not only de
creased available habitat for mussels but also

exponentially increased the difficulty of dispersal
between local populations because dams and
channelization impede the movement of host fish or
alter their normal behavior. As local populations are
eliminated and dispersal distances are increased
between other populations, demographic and
genetic constraints will diminish the ability of local
populations to respond to even natural stochastic

e v e n t s m u c h l e s s h u m a n - i n d u c e d e n v i r o n m e n t a l

change (Wilcox 1986, Murphy et al. 1990).
To preserve mussel metapopulations we must

first recognize them. What constitutes a viable
metapopulation structure for mussel species? The
first step in answering this question is to empirically
test existing metapopulation models using data from
mussel populations. The next step is to modify these
models to take into account the unique life history
characteristics of mussels and the linear nature of
riverine systems. The end product should be a
model designed to allow identification of mussel
metapopulation structure. In this paper 1 describe
some basic, often-tested models that are a good
starting point for examining mussel metapopulations. 1
then discuss the types of data needed to empirically
test these models. Finally, 1 consider how mussels
may or may not meet some of the key assumptions
of these models.

Metapopulation Models
The two models described below were selected
because they are rudimentary to more complex
models. One should have a good understanding of
them before examining more complex models.
Furthermore, these models have been tested more
frequently than other models; therefore, predictions
made about mussels can be compared to those made
about other organisms in different systems.

L e v i n s ' M o d e l

Levins distinguished between the dynamics of
single populations and a set of local populations and
introduced a variable to describe the latter, p{t),
which denotes the fraction of habitat patches occu
pied by the species at time t. In Levins' (1969) model:
dp/dt = ip{l -p)-ep, in which i and e are the
probabilities of local immigration and extinction
(i.e., in or out of a local population or habitat patch),
respectively. If p = 1, all population sites are occu
pied, and if p = 0, regional extinction has occurred.
The immigration rate is the number of successfully
colonized empty patch sites/time, and the extinction
rate is the number of extinctions in occupied sites/
time. Levins (1970) also considered a stochastic
version of this model in which e is random rather
than constant. Levins' model assumes a quadratic
function for the immigration rate and a linear
function for the extinction rate. It predicts a
unimodal distribution (Figure 1) and no correlation
between distribution and abundance (Gotelli 1991).
It is unrealistic in that it assumes (1) local populations
are either extinct or at their carrying capacity,
ignoring local dynamics; (2) movements from an
occupied patch are assumed to be equally likely to all
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other patches (i-e., the spatial arrangement of patches
is ignored); (3) the rate of colonization is assumed to
be proportional to p; and (4) all local populations
have the same, constant extinction probability.

In spite of its limitations. Levins' model is
fundamentally important in highlighting a key
aspect of metapopulation dynamics: metapopulation
persistence requires that, for a given extinction rate,
the colonization rate exceeds a threshold value; and
that for a given colonization rate the extinction rate
is smaller than a threshold value (Hanski 1991).
Numerous empirical examples have demonstrated
that the extinction rate decreases with increasing
area of habitat patches and that the colonization rate
decreases with increasing isolation, such as in small
mammal populations (Hanski 1986), birds (Dorp
and Opdam 1987), frogs in successional ponds
(Sjogren 1991), Daphnia (Bengtsson 1989,1991),
spiders (Schoener and Spiller 1987), freshwater
snails (Bronmark 1985), and aphids (Addicott 1978).
For a given average isolation between habitat
patches, metapopulation persistence requires that
the average patch area is greater than a threshold
value; and for a given average area of patches, their
average degree of isolation must be smaller than a
threshold value (Hanski 1991). The model predicts
that a species may be missing from systems of small
habitat patches and from systems in which the
average degree of isolation is great, even if the
patches may offer temporary support to local
populations. Carter and Prince (1981) propose that
the geographical distribution limit of many plant
species may be explained by metapopulation
dynamics along a gradient of decreasing habitat
patch density. .

Numerous variations of Levins' model have
been proposed which make the model more realistic
by incorporating factors such as changes in coloniza
tion ability, habitat patch size and isolation, compen
satory effects between colonization and extinction
rates, effects of immigration on local dynamics, and
heterogeneity between habitat patches. These are
thoroughly summarized by Hanski and Gilpin (1991).

Number of s i tes occupied Number of s i tes occupied

Figure 1. Schematic representation of the predictions of
the models of Levins (1969) and Hanski (1982) (from
Collins and Glenn 1991).

Hanski's Core-Satellite Hypothesis
Hanski (1982) formulated an alternative model: dp/
dt = ip(l -p)- ep{l - p). Hanski's model incorporates
the idea that emigrants from surroimding popula
tion sites may reduce the probability of local extinc
tion (Brown and Kodric-Brown 1977). This is called
the "rescue effect." Hanski's model assumes a
quadratic function for both immigration and extinc
tion rates. It predicts a bimodal frequency distribu
tion (Figure 1) and a positive correlation between
distribution and abundance; that is, regionally
common species have higher average abundances
within a community than regionally rare species
(Bock and Ricklefs 1983, Gotelli 1991). The predicted
bimodal distribution pattern can be explained by the
core-satellite hypothesis in which species tend to
occur at all similar sites within a region (core
species), or they tend toward extinction (satellite
species). This model predicts that species will
fluctuate randomly between core and satellite
modes, and the most rapid dynamics are shown by
those species with intermediate regional distribu
tions (e.g., occupy 50% of the sites) (Collins and
Glenn 1991). Brown (1984) argued that bimodality in
regional distribution is an artifact of sampling at
small spatial scales, and a number of alternative
models to the core-satellite model also predict this
outcome (Gaston and Lawton 1989). The essential
assumptions of the core-satellite hypothesis are (1)
that all the species considered can establish and
maintain populations at each of the sites studies
(sites are similar); (2) that the probability of extinc
tion at a site is negatively correlated with the
number of sites occupied; (3) that colonization and
extinction rates vary randomly and independently
between species and over time; (4) that the number
of emigrants from a local population increase with
the size of the population; (5) that interspecific
influences on the parameters of the model, including
those for extinction and colonization, are density-
and frequency-independent; and (6) that the move
ment of species from one site to any other is possible
and equally likely. Hanski (1982) suggested three
ways in which the core-satellite hypothesis could be
tested. The first is to seek evidence for bimodality in
the frequency of site occupancy by the species. The
second is to use long-term population data to
document the occurrence of core-satellite switching.
The final test is to use detailed knowledge of coloni
zation and extinction rates to measure directly these
parameters of the model.
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Data Needed for Empirical Tests
The best way to test the predictions of the models is
to directly calculate colonization and extinction rates
of individual mussel species from local populations
over a period of time equivalent to several mussel
generations. This can be done by comparing the
presence/absence of individual species at those sites
over time. In rivers that have been carefully moni
tored over time, this type of historical data is avail
able. Extinction {e) and immigration (i) rates can be
plotted against the number of occupied sites'ip), and
this distribution statistically compared to the
distributions predicted by the models. If the data
have a Levins-type metapopulation structure, the
calculated extinction rates will be linearly and
positively related to the number of occupied
patches, and the immigration rate will be low when
p is both large (immigration low due to few unoccu
pied sites) and high (because there are few sites from
which a colonist can originate) (Gotelli 1991) (Figure 2). If
the data fit Hanski's model, the extinction rate
should be a quadratic function (Figure 2): when p is
small, the extinction rate increases as more sites are
occupied, but when p is large, the extinction rate
decreases as a result of the immigration from
surrounding populations (Gotelli 1991). Regression
can be used to determine the relationship between
immigration and extinction versus species richness
for each site (Collins and Glenn 1991).

Unfortunately, for many rivers historical data is
either unavailable or incomplete. An alternative, but
less rigorous, method of examining the model
predictions is to use multispecies (community) data
to compare recent empirical patterns of distribution
and abundance to patterns predicted by the models.
The distribution of a community of "ecologically
similar" species at one instance in time is assumed to
be representative of changes in the distribution of
individual species over time. Because of the diffi
culty of obtaining colonization and extinction rates

w L e v i n s ^

I /
i / H a n s k i

0 1 0 1

p p

Figure 2. Predicted extinction and immigration rates in
Levins' and Hanski's models (modified from Gotelli 1991).

for many types of organisms, most examinations of
these models have used this multispecies "snapshot
in time" approach (Gotelli and Simberloff 1987,
Collins and Glenn 1990). This is not a direct test of
the models because consistency of a pattern with the
predictions of a model does not prove that the
mechanisms inherent in the model actually pro
duced the observed pattem. However, this method
will allow identification of mussel distribution
patterns that are a precursor to establishing appro
priate assumptions for a metapopulation model
developed specifically for mussels. In cases in which
a historical data set exists and the model can be
tested rigorously, these results should be compared
to results obtained using the multispecies approach.

Assumptions and Modifications
The models discussed previously assume that the
data being tested meet specific assumptions.
Hanski's model assumes a positive relationship
between distribution of species and their local
abundance, and Levins' model does not. I have
examined 16 data sets on the distribution of mussel
species within rivers across North America and
found distribution and abundance were highly
correlated (Vaughn et al, unpublished data), meeting
the assumptions of Hanski's model but not Levins'.

Both Levins' and Hanski's models assume that
movements from an occupied patch are equally
likely to all other patches. Riverine mussels probably
do not meet this assumption because colonization
can only proceed in one of two linear directions
(upstream or downstream), such that patches near
an occupied patch are more likely to be colonized.
However, this assumption is probably invalid in
most systems, linear or nonlinear, because patches
closer to an occupied patch are usually more likely
to be colonized. Rivers are more in accord with
Hanski's view of an environment that changes
stochastically over ecological time than with Levins'
model in which habitat patches exist as permanent
structural entities. Hanski's model assumes that sites
are ecologically similar or that all species can establish
populations at all sites. This assumption is valid for
most mussel species. The distribution of mussels is
strongly influenced by gradient and substrate compo
sition (Salmon and Green 1989, Way et al. 1989).

Levins' and Hanski's models assume continuous
rates of colonization, but I would expect coloniza
tion in mussels to be episodic rather than continu
ous. Most mussel communities are distinctly age-
structured, revealing successful versus unsuccessful
recruitment years (McMahon 1991). The probability
of extinction of mussel populations is negatively
correlated with the number of sites occupied.
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Indirect evidence for this assumption comes from
data on the overall decline of mussel species across
North America. In all cases it is the rarest species
that are becoming extinct (see Neves 1993, Master
1993 [this volume]). Hanski's model assumes that
interspecific influences on parameters of the model,
including extinction and colonization, are indepen
dent of density and frequency. Mussel communities
represent a guild of ecologically similar, sedentary
filter-feeders. Very little is known about the role of
competition in structuring these communities
(Bronmark and Malmqvist 1982, Kat 1982, Bauer et
al. 1991). Because mussels disperse between patches
as parasitic larvae attached to a fish host, fish
densities are predicted to be closely linked to
colonization rates. In this volume, Walters (1993)
reported that mussel diversity was highly correlated
with fish diversity in a number of rivers, and there is
some belief that extinctions of some mussel species
are linked to the disappearance of their fish host.

Distribution patterns of most organisms vary
with the spatial scale examined, and mussels are no
exception (Vaughn et al., unpublished data).
Metapopulation models can only be used to make
meaningful predictions if applied at an appropriate
scale of resolution. Levins' and Hanski's models are

regional models. The appropriate scale for these
models is the scale at which dispersal is possible but
infrequent between local populations (Hanski 1991).
The size of the region must be scaled to the dispersal
distances of the organism in question. For freshwa
ter mussels, these distances are presumed to be
ultimately dependent on the dispersal distances of
the host fish.

Summary
The life history characteristics of freshwater mussels
make them especially vulnerable to habitat fragmen
tation, and many mussel species are endangered or
in decline. As local populations are eliminated and
dispersal distances are increased between other
populations, demographic and genetic constraints
will diminish the ability of local populations to
respond to even natural environmental disturbance,
much less human-induced changes. A
metapopulation is a system of local populations
connected through dispersal. Long-term conserva
tion of mussel species requires that viable mussel
metapopulations be protected. Determining what
constitutes a viable mussel metapopulation requires
several steps. Existing metapopulation models
should be empirically tested using mussel data.
These models should then be modified to encom

pass the unique life history characteristics of mussels
and the linear nature of riverine systems.
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The Mussel Mitigation Trust: A Different Type of Mussel Mitigation

John H. Marshall, Wayne L. Davis, and Bernard L. Huff
Ohio Division of Wildlife, Columbus
Kentucky Department of Fish and Wildlife Resources, Franlfort
The Cincinnati Gas & Electric Company, Cincinnati, Ohio

Abstract. The Mussel Mitigation Trust is a charitable organization established in 1987 as a result
of issuance of a U.S. Army Corps of Engineers Section 404 permit. This permit, issued to owners
of the William H. Zimmer Generating Station, allowed for the dredging of a mussel bed at Ohio
River mile 440.0 for the construction of a barge facili ty. Negotiations—involving the owners of the
plant (The Cincinnati Gas & Electric Company, Columbus Southern Power Company, and The
Dayton Power and Light Company), the U.S. Fish and Wildlife Service, the State of Ohio, and the
Commonwealth of Kentucky—regarding the loss of freshwater mussels and mussel habitatended
with agreement to relocate some of the mussels to an upstream mussel bed and to create the Mussel
Mitigation Trust. The owners of the power plant supplied the original funding ($400,000), and a
three-member board was established to manage the fund. The Mussel Mitigation Trust funds
studies to monitor the relocated mussel bed and to determine impacts from increased river traffic
over the remaining bed; it also funds other scientific studies on freshwater mussels of the Ohio
River basin. To date, the Mussel Mitigation Trust has funded four projects totaling $269,879.

I n t r o d u c t i o n
Construction of the William H. Zimmer Generating
Station as a nuclear power facility began in 1970 but
ended in 1982 as a consequence of licensing issues.
In 1984, the owners of the station. The Cincinnati
Gas & Electric Company, The Dayton Power and
Light Company, and Columbus Southern Power
Company, proposed converting the plant to a coal-
fired facility. Conversion of the plant began in 1987
and continued imtil 1991 when the plant came on
line. Impacts to two known mussel beds that would
be disturbed during conversion needed to be
mitigated to comply with federal environmental
regulations.

D i s c u s s i o n

The delivery of coal to this plant required an on-site
barge unloading facility along the Ohio River.
Because this section of the river was shallow,
dredging was required to accommodate barge
traffic. Environmental investigations for the prepara
tion of the Environmental Impact Statement (EIS)
discovered two mussel beds adjacent to the plant.
The proposed dredging would eliminate one
complete bed and 15% of the other. Barge traffic
would also negatively affect the remaining area of
t h e s e c o n d b e d .

Mitigation of impacts to these mussel beds was
one of the last issues resolved in the preparation of
the EIS. Negotiations with various state and federal
agencies began in October 1986 with the advertise
ment of the Section 404 & 10 public notice by the
Louisville District of the U.S. Army Corps of Engi
neers. These negotiations involved the Kentucky
Department of Fish and Wildlife Resources, Ken
tucky Natural Resources and Environmental Protec
tion Cabinet, Kentucky State Nature Preserves
Commission, Ohio Division of Wildlife, Ohio
Environmental Protection Agency, Ohio Department
of Natural Resources, U.S. Fish and Wildlife Service,
U.S. Environmental Protection Agency, and U.S.
Army Corps of Engineers. Avoidance of the mussel
beds was considered but could not be accomplished.
The owners of the Zimmer plant agreed to minimize
the size of the facility.

One of the key questions that had to be an
swered during the negotiations was. What can be
done to mitigate for the loss of mussels and mussel
habitat? Mitigation of mussel bed loss is poorly
documented in the literature for obvious reasons.
Life history requirements—that is, water quality and
quantity, water depth, substrate tjqje, and glocWdial
host specificity—are usually stringent and many times
unknown for many mussel species. Transplantation

Conservation and Management of Freshwater Mussels: Proceedings of a UMRCC Symposium



1 2 4 Conservation and Management of Freshwater Mussels: Proceedings of a UMRCC Symposium

was considered but had been only partially successful
in some early attempts by the Tennessee Valley
Authority (Steve Ahlstedt, personal communication).

Finally, consensus on mitigation was achieved
following a proposal by the owners of the plant. They
proposed to fund the relocation of 5,000 mussels to an
existing mussel bed on the Ohio River and to provide
the seed money for a mussel trust fund. The objectives
of the fund were to (1) monitor mussels that were
relocated, (2) conduct research on navigation impacts
on remaining mussels, and (3) conduct other scientific
research applicable to unionid mollusks of the Ohio
River Basin. These stipulations were incorporated in
the final EIS and Section 404 and Section 10 Army
Corps of Engineer permits.

The Mussel Mitigation Trust was officially
established on 11 May 1987. The owners of the
Zimmer Generating Station deposited $400,000 into
an interest-bearing checking account, and the first
meeting of the Mussel Mitigation Trust was held on
1 June 1987.

The trust is intended to last 33 years (the stated
life of the Zimmer Generating Station) or until funds
are depleted or merged with another similar trust
fund. The board of trustees is to consist of one

person from the owners group, one from the State of
Ohio (Ohio Division of Wildlife), and one from the
Commonwealth of Kentucky (Kentucky Department
of Fish and Wildlife Resources). The U.S. Army
Corps of Engineers and the U.S. Fish and Wildlife
Service were legally unable to participate but could
serve as advisers to the trust. Originally, a represen
tative from American Electric Power Service Corpo
ration (AEPSC) represented the owners because
AEPSC was project manager for the conversion of
the plant to a coal-fired facility. As soon as the plant
became operational, a representative of Cincinnati
Gas & Electric represented the owners. Each trustee
may appoint an alternate trustee to conduct business
in his or her absence.

The Mussel Mitigation Trust Board of Trustees
meets every second Wednesday of each calendar
quarter, and trustees cannot receive any compensa
tion from the trust for performance of their duties.
All meetings of the trust are open to the public, but
special meetings can be called without notice to the
public. Trustees are empowered to invest the trust
fund in checking accounts or in securities or other
investments "as a reasonably prudent person would
invest," which precludes any speculative invest
ments. The trustees are also empowered to enter into
contracts, make payments for taxes, and conduct
other business as necessary. An independent audit
of the Mussel Mitigation Trust is conducted every
year by a public accountant for the Board of Trustees.

The first meeting was 1 June 1987, and officers

were elected to serve for one year. The first major
business was to adopt a document entitled "General
Terms and Conditions for Consulting Services."
This document outlines the responsibilities of
consultants from reporting requirements to safety
and bonding requirements necessary in the State of
Ohio. These conditions can be modified only after
negotiation with the Board of Trustees and after
consultation with legal counsel. This document
provides a "safety net" for the trustees by insuring
that consultants are responsible for their actions and
actions of their employees.

To date, the Board of Trustees has awarded
contracts to several consultants to perform man
dated research or research derived from proposals.
The Mussel Relocation Survival Study began in 1987
and was completed in 1991. That work was con
ducted by Environmental Science and Engineering
(1988-1990) and Ecological Specialists, Inc. (1991).
The U.S. Army Corps of Engineers Waterways
Experiment Station was contracted in 1990 to begin
the study on navigation impacts on the remaining
mussels; to date, the literature review and baseline
condition phases of the project have been completed.

Other research or activities that have been
funded include work on cryopreservation of mussel
genetic material, surveying of mussel beds on the
Ohio River, funding the publication of a mussel field
identification guide, and sponsorship of a mussel
symposium. Virginia Technological Institute and
State University was awarded a grant from the trust
in 1991 to study the potential for cryopreservation of
mussel genetic material. This research could result
in the "banking" of genetic material of endangered/
threatened species with potential of later fertilizing
and growing such species from frozen eggs and
sperm or cloning specimens from frozen genetic
material. A cooperative project with the Louisville
District of the of the U.S. Army Corps of Engineers
and the Illinois Department of Conservation was
funded to resurvey the mussel beds in the lower
Ohio River. The Illinois Natural History Survey was
awarded a grant to include color photographs in a
new field guide to mussels of the Midwest. The only
other grant has been to the Upper Mississippi River
Conservation Committee to provide "upfront"
money for the symposium titled "The Conservation
and Management of Freshwater Mussels."

Although most of the duties of the Board of
Trustees relate to providing grants for scientific
mussel research, the other duties can be equally time
consuming. These duties include arranging for an
audit of the trust, having a public notice placed in
the newspapers announcing the meetings of the
trust, filing income tax forms, and disseminating
copies of proposals that have been submitted to the
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trust. Additional time is devoted to travel to the
meetings, review of proposals, telephone conference
calls, discussions with other professionals regarding
proposals or reports, and other miscellaneous duties
t h a t a l l t a k e t i m e f r o m t h e n o r m a l w o r k a c t i v i t i e s o f
the professional. Luckily for the two resource
agencies on the Board of Trustees, the owners of the
Zimmer Generating Station and their consultant
h a v e a b s o r b e d t h e s e a d m i n i s t r a t i v e d u t i e s o f t h e
trust. The owners and their consultant have pro
vided legal and financial help that has proved
extremely beneficial to the trustees, especially when
it came time to award contracts. Most people,
especially biologists, do not understand how com
plex the awarding of contracts can be, especially
from the legal standpoint.

C o n c l u s i o n

The original problem of mitigating the mussel loss at
the William H. Zimmer Generating Station remains,
and the establishment of this trust does not supplant
mitigation. The Mussel Mitigation Trust provides a
funding mechanism to expand our knowledge of
mussels in the Ohio River Basin. In fact, the estab
lishment of a trust in lieu of mitigation should
carefully be considered since the commitment of
staff time can be excessive. Also, the legal and
accounting processes could not be performed by the
existing Board of Trustees without the staff assis
t a n c e o f t h e o w n e r s a n d t h e i r c o n s u l t a n t . T h e
establishment of a trust could be explored as a last
resort and not used as a mechanism to "buy" a
permit.
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Information Networking and the Conservation of Freshwater
M u s s e l s

L a w r e n c e L . M a s t e r
The Nature Conservancy, Boston, Massachusetts

Abstract In the eastern United States, a major and expanding focus of The Nature Conservancy's
protection work, in partnership with many other agencies and organizations, is the protection of
riverine ecosystems (e.g.. Clinch River, Big Darby Creek, Horse Lick Creek, Neversink River, and
French Creek), especially their freshwater mussel faunas. The impetus and information needed for
the Conservancy to work to protect these places is provided in part by a rapidly expanding body
of knowledge stored in the Biological and Conservation Data System files of the Natural Heritage
Program Network. But there are still enormous gaps in our knowledge. This paper is a call for help
in researching these knowledge gaps and helping to further develop distributed databases of
information on freshwater mollusks. Any hope of success in our protection efforts relies upon the
collection, management, and exchange of regularly updated information about mussels and their
habitats: status and trend information; precise distributions; ecology; protection, management,
monitoring, and research needs, programs, and procedures; and local, site-specific information
relating to mussel population demographics and viability, threats analysis, and land ownership.

The Nature Conservancy and Its Need for
C o n s e r v a t i o n I n f o r m a t i o n

For more than 40 years The Nature Conservancy has
worked to conserve biological diversity. The
Conservancy's roots lie with the Ecological Society
of America, which in 1917 formed a committee to
assess the status of ecosystems and biodiversity in
this country. After several transformations, this
committee eventually became incorporated as The
Nature Conservancy. Along the way, a product of
the Committee's work was the Naturalist's Guide to
the Americas, an amalgamation of scientists' nomi
nations of the best remaining natural areas in the
country.

Early in its history, the Conservancy realized that
it needed much more scientifically rigorous informa
tion than this report or the natural area nominations
of others if it was to efficiently pursue its mission to
conserve biological diversity. Conservancy staff then
and now wanted to ensure that scarce funds avail
able for the protection of lands and waters were
directed to the most critical places, those places
harboring the best remaining ecosystems and the
highest concentrations or only remaining occur
rences of rare and endangered species. Unfortu
nately, until relatively recently there were no
centralized repositories for well-organized, easily
accessible, up-to-date information on the locations
and condition of species and ecosystems of conser

vation importance. Many basic questions required
answers that weren't readily available, including:

• What are the species and natural communities or
ecosystems that constitute biodiversity?

• What is the global, national, and state status of
each of these species or ecosystems, the
"elements" of biodiversity? In other words,
how rare are these elements?

• Where precisely are the best remaining
examples of these elements located on the
landscape? In other words, where are the
"element occurrences"?

• What is the condition of each of these element
occurrences? Which occurrences are the best
and most viable? Which occurrences should be
protected first?

• What are the biological and physical
requirements of the individual elements?• How many areas and which areas of what size
and configuration and connectivity are needed
to provide long-term protection for a given
e l e m e n t ?

• How large an area is needed to provide long-
term protection for a particular occurrence of a
particular element?

• Who owns the land and water where each of

these occu r rences i s l oca ted?
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• Is the land or water being properly managed to
maximize the chances that the elements will not

go locally extinct?• How does one manage a piece of land or water
for the elements of biodiversity that are foimd
t h e r e i n ?

• Wha t a re the economic uses o f t ha t l and o r

buffer to that land or water that are compatible
with the conservation of biological diversity?

• What a re the th rea ts o r s t resses on these e lement

occurrences, what are the sources of the stresses,
and how does one address these threats?

• How does one best monitor species and
c o m m u n i t i e s ?

• How does one assess the resu l ts o f ac t ions

undertaken to protect and manage elements of
biodiversity?

Without answers to questions such as these, it is
difficult to imagine how the loss of biodiversity can
be minimized. And, perhaps even more importantly,
it is necessary to determine how to track the answers
to all these questions and communicate the answers
to all who might make use of them to avoid acting in
ignorance, avoid redundancy of effort, avoid the
misapplication of scarce conservation resources, and
avoid misinformed attempts to conserve individual
species and communities of species.

Biodiversity Data Network
To help meet these information needs, the Conser
vancy has worked with state governments for
almost 20 years to establish permanently operating
data centers to continually amass, organize, analyze,
and update biodiversity and related conservation
data. There are currently 85 of these data centers,
typically known as Natural Heritage Programs or
Conservation Data Centers, operating in all 50 states,
4 Canadian provinces, and 13 Latin American
countries. Most of these data centers are indepen
dent of The Nature Conservancy: 84% of the U.S.
centers are housed in government natural resource
agencies, 12% are housed in public universities, and
only 4% are housed and operated by The Nature
Conservancy. But all of these programs work in
collaboration with the Conservancy so that the
benefits of functioning as a network can be realized.
The Conservancy serves as the principal network
organizer and provides various services to the
network's individual data centers, including devel
opment of standard methodologies, software
development, compilation and dissemination of
information, training, technical and financial sup
port, and information exchange. This is accom
plished with the aid of the Biological and Conserva
tion Data System, a set of more than 30 interrelated

computer files, supported by extensive map and
manual files, that is used by almost all data centers.

The primary purpose of these natural heritage or
conservation data centers is to compile and make
information on biological diversity available for
conservation and development planning, impact
assesments, natural resource management, and
scientific research. Network participants log in over
200,000 data requests annually in response to a
myriad of requests, mostly relating to conservation
planning and environmental review. The
Conservancy's land and water protection agenda
derives almost entirely from information available
through the Natural Heritage Program Network.
The need for reliable, centralized, readily-dissemi
nated, up-to-date information carmot be overempha
sized. Without good science that addresses key
conservation information needs, and without
making that information readily available to all who
might make intelligent use of it, conservationists will
be inefficient and ineffective in their attempts to
conserve biological diversity.

I n f o r m a t i o n A v a i l a b l e a n d I n f o r m a t i o n
N e e d e d f o r M u s s e l C o n s e r v a t i o n

So what is known and what needs to be known in
order to permit intelligent, informed decisions
regarding the conservation of mussels and their
habitats? There are at least five basic questions that
require answers.

1. What are the species that we are trying to conserve?

If the first precaution of intelligent tinkering is "to
keep every cog and wheel" (Leopold 1953), we have
to define the cogs and wheels — the species. The
taxonomy and nomenclature of mussels is as
contentious an area of investigation as any in
systematic zoology. The publication by the Ameri
can Fisheries Society of a standard names list for
mollusks four years ago (Turgeon et al. 1988),
whether one agrees with its nomenclatural and
taxonomic positions or not, at least provides a
much-needed standard set of names to which
mussels and data about mussels, including syn
onyms, may be attached. This publication should
also be an additional stimulus to do and to fund
much-needed taxonomic research. Systematists and
museums need to be supported to do the research
necessary to define the cogs and wheels—to ensure
that mussels are not being lost simply because they
are going extinct before they are recognized as
distinct taxa. Randy Hoeh's research on the genus
Anodonta species (Hoeh 1990) and Margaret
Mulvey's work (this symposium) on South Carolina
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Elliptio are recent examples of the type of research
that needs to be encouraged and funded before it's
too la te .

2. Which species are in greatest need of our attention?

Setting priorities for conservation actions (e.g.,
"ranking") is a necessary preoccupation of organiza
tions and agencies concerned with the conservation
of species and ecosystems. The conservation ranking
system used by Biodiversity Data Network partici
pants has evolved over many years, but the basic
tenets of the system have essentially remained
unchanged for the past 10 years. Network partici
pants assign "element conservation priority ranks"
on a 1 to 5 scale to plant and animal species and
natural communities alike. These continuously
refined and documented ranks are based on the
number of occurrences, population size, range, and
trends in these factors, as well as threats, fragility,
and other considerations that are all documented in
regularly updated databases (Master 1991). By way
of comparison, the globally imperiled Alasmidonta
heterodon (dwarf wedge mussel) currently receives a
global rank of Gl; the globally rare but not yet
critically imperiled Alasmidonta varicosa (brook
floater) currently receives a global rank of G3; and
the common and demonstrably secure Elliptio
complanata (eastern elliptio) currently receives a
global rank of G5. Analogous ranks are also as
signed at the national and state levels. At the state
level, the criteria used to assign state ranks typically
include the same criteria that are used to assign
official state endangerment status.

It is readily apparent that mussels are in enor
mous trouble relative to any other group of organ
isms for which we have comparable data (Table 1).
For groups of organisms that are largely land-based,
the percentage of the fauna that is extinct or imper
iled (rank = GX-G3) is typically 11-14%; for amphib
ians and fishes, the percentage jumps to 28-34%; and

for mussels the percentage jumps to 73%. It is this
information that has pushed the Conservancy
beyond its historical focus on land conservation to
enter the difficult arena of riverine conservation.
Clearly, riverine fauna are in trouble in this country,
if not around the world. And this loss is accelerating.

The ranking information for mussels derives from
150 years of data stored in museum collections and
the more recent efforts of many field workers. Over
the past 10 years, a number of malacologists have
generously given of their time, sometimes aided by
some modest funding from the Conservancy, to help
prioritize mussel species. However, there are still
enormous gaps in the collective knowledge base of
the status of these species. Assistance is sought to
help refine this status information.

3. How do we identify and prioritize those areas
where we should be focusing our efforts to
conserve mussels and associated riverine biota?

The Conservancy and the Biodiversity Data Net
work take what has been characterized as a coarse
filter-fine filter approach to identifying and conserv
ing biological diversity. The coarse filter consists of
the best examples of every community or ecosystem
type, the protection of which has been estimated to
potentially protect, in the absence of global climate
change and zebra mussels, 80-90% of an area's (e.g.,
state's) natural biological diversity. But rare species
aren't always reliably found in the habitats or
communities where one might expect to find them—
they're just too rare. So Network participants
inventory separately for rare species and work to
protect them as well. This is the fine filter. Unfortu
nately, there is not currently a good national classifi
cation and inventory of the best examples of riverine
systems in this country, and so only the fine filter is
available to help identify streams that should be
protected. Knowledge of the fine filter, the rare
biota, in riverine systems is confined largely to

Table 1. Status of selected animal groups in the United States (taken from Master 1990).
Sta tus

G X
G H
G l
G 2
G 3
G 4 - G 5
G ?

M a m m a l s R e p t i l e s A m p h i b i a n s F i s h e s C r a y fi s h e s U n i o n i d m u s s e l s

% o f t o t a l = G X - G 3 1 3 1 1 1 4 2 8 3 4 6 5 7 3
GX = extinct; GH = historical (may be extinct); Gl = critically imperiled; G2 = imperiled; G3 = rare; G4, G5 = relatively
secure; G? = unranked.
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mussels, crayfishes, and fishes. Consequently, these
groups must serve as the primary surrogates for the
biodiversity of riverine systems. The Natural
Heritage Network is incrementally developing
comprehensive information on other groups such as
aquatic gastropods and insects such as Plecoptera.

To begin to conserve mussels, one must know
where they are located. The obvious informational
need is to conduct prioritized surveys and to ensure
that the results of those surveys are incorporated into
databases that are available for and conducive to
conservation planning. Maintaining such continuously
updated and incrementally refined data files and map
or GIS files that track this "occurrence" information,
and related information about threats and land

ownership at the sites of these occurrences, is the bulk
of what natural heritage programs do. As previously
discussed, the purpose of this activity is to make the
information widely available for conservation plan
ning, environmental assessment, research, and itera
tive reconsideration and updating of the global,
r\ational, and state priority ranks.

The information on occurrences of rare mussels
that is currently stored in natural heritage data files
in state agencies has led the Conservancy to develop
a national riverine conservation program that targets
those riverine systems that are currently known by
the Conservancy to have the greatest diversity of
rare species and for which there is some reasonable
chance of success. Riverine systems that the Conser
vancy is currently working to protect, in concert
with many partner organizations and agencies,
include the Clinch River in Virginia and Tennessee,
Big Darby Creek in Ohio, Fish Creek in Indiana and
Ohio, Horselick Creek in Kentucky, French Creek in
Pennsylvania and New York, the Neversink River in
New York, and Sideling Hill Creek in Maryland and
Pennsylvania. These are all good projects and each
represents a significant segment of the biological
diversity of riverine systems, but they are certainly
not the only systems that the Conservancy should be
working with others to try to protect.

There i s an obv ious need to ensure tha t as much
as possible of the full array of biotic diversity in
riverine systems is being protected. The Conser
vancy is currently pooling range-wide heritage
occurrence data for rare mussels, crayfishes, fishes,
and other riverine animals to try to identify other
areas where the Conservancy and others should be
focusing resources. The Conservancy is also con
ducting a "gap analysis," in cooperation with the
U . S . F i s h a n d W i l d l i f e S e r v i c e a n d t h e E n v i r o n m e n
tal Protection Agency, in which the known and
probable occurrences of mussels will be assembled
into a GIS for analysis. But there will be many gaps
in the results of these analyses because, for whatever

reasons, mussel occurrence information is not
getting into natural heritage databases in some
states. Persons conducting inventory work on
mussels need to correct this situation by providing
survey information to natural heritage databases
and encouraging theih to process the information
and to help fund or to seek funding for additional
surveys.

4. Once we know what they are, how rare they are,
and where they are, how do we conserve mussels?
What do we know and what do we need to know
about mussels and the systems they inhabit in
order to preserve them?

There is an obvious need to know a lot more than is
currently known—about individual species' life
histories and sensitivities to various pollutants and
water flow regimes, about sources of stress to
riverine systems, etc.

But ignorance can't be a bar to action, and so The
Nature Conservancy has recently undertaken strategic
planning exercises for each of the riverine and other
landscape-level conservation projects like that for the
Clinch River. The assistance of mussel and other
experts is needed in this process—^both to help ask fl\e
rî t questions and to research the answers.

The plight of native mussels needs to be publi
cized—not only what is happening to mussels but
also reasons why it matters. To quote Harvard
biologist Edward O. Wilson:

The truth is that we need invertebrates
but they don't need us. If human beings
were to disappear tomorrow, the world
would go on with little change.... But if
invertebrates were to disappear, I doubt
that the human species could last more
than a few months. Most of the fishes,
amphibians, birds and mammals would
crash t o ex t i nc t i on abou t t he same t ime . . .

[followed by] the flowering plants... and
the world would return to the state of a
billion years ago (Wilson 1987).

The loss of f reshwater mussels is i tse l f suffic ient reason

for widespread alarm. But as was pointed out in a
recent issue of The Amicus Journal, the numbers of
imperiled mussels point to a hazard broader than the
loss of any one species: "a widespread decay in the
health of the streams, rivers, lakes, and wetlands that
sustain the ecology of this continent" (Natural Re
sources Defense Council 1992).

5. How do we efficiently gather and exchange
i n f o r m a t i o n t o f a c i l i t a t e t h e c o n s e r v a t i o n o f
m u s s e l s ?
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Can information be efficiently gathered and ex
changed so that all can benefit from an accumulated
knowledge base that tracks information and infor
mation gaps on topics such as species' life histories,
including host fishes; monitoring, management, and
research needs, procedures, and programs; sensitiv
ity of different species to different pollutants result
ing from chemical and agricultural runoff; sensitivi
ties to sediment loading and other perturbations;
protection tools; model state riverine and endan
gered species protection legislation; and government
programs that can aid in conserving riverine sys
t e m s ?

Part of the answer is certainly to hold more forums
like this one for information exchange. In a similar
vein, some 30 persons convened in Washington last
November to d iscuss the s ta tus o f f reshwater musse ls
of the Atlantic slope. And in three months (January
1993), Conservancy and U.S. Fish and Wildlife Service
staff and others invo lved in the conservat ion of the
half-dozen or so previously listed riverine systems will
gather in Lexington to exchange ideas and share
experiences related to protecting riverine systems.

Another part of the answer, although a widely
unappreciated part of the answer, is the necessity to
incrementally develop an accessible and widely
distributed base of knowledge about the taxonomy,
status, trends, locations, conditions, and biological and
physical requirements of mussels; about threats to
mussels; and about management, monitoring, and
research needs, procedures, and programs for mussels.
If the collective mussel knowledge base, including all
of the mostly gray literature and reports, could be
efficiently assembled and abstracted, scarce resources
could more efficiently and effectively be directed to the
c o n s e r v a t i o n o f f r e s h w a t e r m u s s e l s .

The Biodiversity Data (Natural Heritage) Network
has come a long way in developing just such an
information base, thanks in part to the collective efforts
to date of 50 state agencies and their respective
conservation data centers, and cooperating agencies,
organizations, and individuals. But there is a long way
to go. Contributing to the Natural Heritage Network's
databases will facilitate the incremental development
and exchange of information pertinent to and neces
sary for the conservation of mussels.

Finally, given that failure is likely in the near-
term conservation of some mussel species, research
must be supported that will permit the propagation
and maintainance of mussels in captivity so that
they can be eventually reintroduced or introduced
into areas when and where pollution, habitat
destruction, zebra mussels, and global warming are
less significant threats.
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Headcuts and Their Effect on Freshwater Mussels

P a u l H a r t fi e l d
U.S. Fish and Wildlife Service, Jackson, Mississippi

Abstract The mussels of the eastern tributaries of the Mississippi River south of the Yazoo River
have been depleted, extirpated, or otherwise affected by headcuts. Channel modifications in the
Mississippi River are implicated in the initiation or aggravation of the tributary degradation. The
mining of point bars for gravel, and stream capture by overbank mines, can also result in upstream
channel degradation, or headcuts. Such mining activites have eliminated or reduced the mussel
fauna in portions of the Amite, Tangipahoa, Bogue Chitto, Buttahatchee, and Tombigbee rivers.
Headcuts result in severe bank erosion, channel widening, and deptli reduction. Since channel
erosional stresses are greater during flood stage, such changes usually appear following seasonal
flood periods and are often erroneously attributed to natural causes. The number of stream
systems affected by headcutting and the extensive damage to local mussel populations are only
now being understood.

I n t r o d u c t i o n

In recent years a number of papers have discussed
the mechanics and processes of stream and river
erosion as well as the impact of human activities on
stream channel stability (e.g., Simons 1979, Whitten
and Patrick 1981, Grisenger and Murphey 1982, Hey
et al. 1982, Collinson and Lewin 1983, Smith and
Patrick 1991). Stream erosion is part of the natural
process of water seeking its base level. Changes in
stream parameters such as base level, water slope,
water or sediment discharge, or combinations
thereof are usually accompanied and controlled by
changes in meander form or other erosional pro
cesses that allow the channel to adjust and stabilize.
When the natural dynamics of a stream are severely
altered by localized human modification, the
resulting channel adjustments can initiate extensive
erosion throughout the system (Smith and Patrick
1991). Headcuts are the upstream progression of
s u c h e r o s i o n .

A stream that is actively, or that has been
recently, headcut may be identified by combinations
of the following characteristics: extensive bank
erosion; wide, degraded channels; meander cutoffs;
uniform, shallow flows; chute formation; numerous
whole trees within the channel; quicksand, or
otherwise loose, unstable sediments; perched
tributaries at low water; and the absence of cypress
and tupelo gum trees where these species are
characteristic components of stable riparian ecosys
tems. Channel stabilization efforts around bridges
(rip-rap), or bridge replacement, may also be the

result of, or symptomatic of, severe channel degra
dation. Stream channels that have stabilized from

past headcuts may no longer exhibit widespread or
active bank erosion; they may, however, still be
recognized by a combination of several of the
characteristics listed above.

Hubbard et al. (in press) have summarized the
available literature on the effects of channelization.
The destructive effects on stream ecosystems include
accelerated erosion; reduced depth; and loss of
habitat diversity, substrate stability, and riparian
canopy. The biological consequences include
decreased species diversity, changes in species
dominance, and decreases in biomass and growth in
aquatic invertebrates and fish. Although headcutting
streams exhibit similar changes in morphological
and hydrological characteristics, there is only
limited information on the biological consequences
of this process. Hartfield and Ebert (1986) reported
on the local decline of mussels in two southwestern
Mississippi streams. Bayou Pierre and Homochitto
River, apparently due to channel degradation. Ross
et al. (1990) noted a relationship between a range
extension for the bayou darter, Etheostoma rubrum,
and channel erosion in Bayou Pierre, Mississippi.

The headcutting stream is increasingly becom
ing characteristic of southeastern lotic habitats
where unconsolidated or weakly cemented sedi
ments predominate. Over the past 10 years, I have
observed the relationship between causes and
progression of headcuts, stream degradation, and

Conservation and Management of Freshwater Mussels: Proceedings of a UMRCC Symposium
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the decline or disappearance of freshwater mussels
in several streams in Mississippi and Louisiana. As
relatively immobile benthos, freshwater mussels are
particularly vulnerable to channel degradation. The
following is a synthesis of personal field notes,
observations, and publications on headcuts that
have occurred in certain southern streams. It is

presented in order to encourage additional studies
on this widespread phenomenon and the threat it
presents to local mussels, as well as other compo
nents of fluvial and riparian communities.

Eastern Tributaries of the Mississippi
R i v e r B e l o w t h e Ya z o o R i v e r

All major eastern tributaries of the Mississippi River
below the Yazoo River are experiencing headcuts, or
appear to have been severely degraded in the past.
TLiese include the Big Black, Bayou Pierre,
Homochitto, and Buffalo rivers, and Coles and St.
Catherine creeks (Figure 1). Flood control and
navigation modifications to the Mississippi River
have been implicated in the degradation of these
streams. For example, bendway cutoffs shortened
the river by 37.4 miles between the mouth of the
Yazoo River and the Homochitto River and have
resulted in local increases in slope and reductions in
flood elevations in this reach of the Mississippi River
(Winkley 1977). These changes may have contrib
uted to tributary instability (Patrick 1989).

i d f
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Figure 1. Drainages affected by headcuts. A: Big Black
River, B: Bayou Pierre, C: Coles Creek, D: Homochitto
River, E: Buffalo River, F: Amite River, G: Tangipahoa
River, H: Bogue Chitto River, I: Buttahatchee River,
J: Tombigbee River.

Hartfield and Cooper (1983), Hartfield and
Rummel (1985), and Hartfield and Ebert (1986)
provided records of 34 species of freshwater mussels
from the lower Mississippi River drainages below
the Yazoo River, including the Big Black River (29
species). Bayou Pierre (12 species), Homochitto
River (8 species), Buffalo River (no mussels found),
and Coles Creek (2 species) (Table 1). Hinkley

Table 1. Mussels from the eastern tributaries of the lower
Mississippi River (1 = Yazoo; 2 = Big Black; 3 = Bayou
Pierre; 4 = Homochitto; 5 = Coles Creek; FO = Fossil
Record).

Drainage
Species
Actinonaias Ugamcntim
Amblema plicata
Anodonta grand is
Anodonta imbecillis
Anodonta suborbiculata
Arcidens confragosus
Cyprogenia aberti
EUipsaria lineolata
EUiptio crassidens
Elliptio dilatata
Fusconaia ebena
Fusconaia flava
Glebula rotundata

Lampsilis ovata
Lampsilis siliquoiden
Lampsilis teres
Leptodea fragilis
Ligumia subrostrata
Ligumia recta
Megalonaias nervosa
Obliquaria reflexa
Obovaria jacksoniana
Obovaria subrotunda
Plectomerus dombeyanus
Plethobasus cyphus
Pleurobema rubrtm
Potamilus ohiensis
Potamilus purpuratus
Quadrula cylindrica
Quadrula nodulata
Quadrula pustulosa
Quadrula quadrula
Stropbitus subvexus
Toxolasma parvus
Toxolasma texasensis

Tritogonia verrucosa
Truncilla donaciformis
Trunci l la truncata
Uniomerus declivus
Uniomerus tetralasmus
Villosa lienosa
Corbicula fluminea

1 2 3

X
X X

X X

X

X
X X
F O
X X
X X

F O
X X

X X X
X X

X X X
X X X

X X X

X X X
X X

F O
X X

X X

X X

X X X

X X

F O
X X

X
X X X
X X

X X
X X X

X X
X X
X

X X
X X X

X X

X X

X

X X

X X X

X X X

4 1 2 9 1 2
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(1906), Grantham (1969), Cooper and Johnson (1980),
and Miller et al. (1992), reporting on limited collec
tions in the Yazoo drainage, have documented a
fauna of at least 37 extant unionid mussel species
from the Yazoo basin. The only records of the pre
historic lower Mississippi River mussel fauna occur
in fossil shell middens within the Yazoo River basin.
Recent excavations and surface examinations of
these middens have resulted in the identification of
28 unionid species, including five species not
currently known from the drainage (Bogan et al.
1987; Hartfield, impublished data). Two of these
{Cyprogenia aberti, Plethobasus cyphus) were not
previously known to have occurred in Mississippi
waters. The addition of these records indicates that
the Yazoo River drainage, and potentially other
eastern tributaries of the lower Mississippi River, at
one time supported at least 41 species of unionid
mussels (Table 1). As expected, this fauna is com
posed primarily of Mississippi Region species;
however, it also contained components of Ohioan
{Plethobasus cyphus), Ozarkian {Cyprogenia aberti),
and Gulf Coast (e.g., Glebula rotundata, Plectomerus
dombeyanus) faunal elements.

Big Black River
The Big Black River is the largest, least degraded of
the lower Mississippi River tributaries. The Big
Blacks' confluence with the Mississippi River is at
the top of Yucatan cutoff, a natural cutoff that was
allowed to form in 1929. The lower reach of the Big
Black is a low-gradient, deeply entrenched channel
in the Mississippi Alluvial Plain. The gradient
increases where the river enters the Loess Hills but
is stabilized by gravel and limestone outcrops. These
geologic characteristics apparently protected the
river from severe adjustments to the increase in
slope at its confluence with the Mississippi River.
Recently, however, there have been several ominous
signs of degradation in the Loess Hills physi
ographic portion of the drainage. Many tributary
streams are exhibiting considerable bank loss, and
degradation has occurred in at least two locations in
t h e m a i n c h a n n e l .

In 1985, a limestone bedrock shoal formed the
bottom of the river about 1 mile above the U.S.
Interstate 20 bridge. In spring 1992, it was observed
that the channel had migrated east and cut below
the shoal, leaving the limestone bedrock exposed at
low water. The banks were severely eroded through
out this vicinity. This is also the type locality for
Lithasia hubrichti, an aquatic snail endemic to the
drainage. An extensive search of the area found no
snails or mussels.

Approximately 10 km downstream, stranded
mussels and washed up shells were commonly

found on a gravel island during the mid-1980s. Only
a single, eroded shell was found on this island
during a visit to the area in the spring of 1992. The
channel on both sides of the island had eroded
considerably. A quantity of rip-rap had been applied
to the eroding bank of a downstream meander,
apparently in an attempt to protect a railroad bridge
at th is loca t ion .

Although there is no evidence that these minor,
localized channel adjustments have had a severe
impact on the mussel fauna throughout the drain
age, localized extirpation of many species may have
occurred in affected reaches.

Bayou Pierre
Bayou Pierre originates in the Pine Hills physi
ographic region, cuts through the Loess Hills, and
flows across a narrow band of the Mississippi
Alluvial Plain before joining the Mississippi River a
few miles above the Rodney cutoff. The lower half of
Bayou Pierre has apparently been affected by
headcutting for a number of years. Patrick et al.
(1991) have demonstrated that a headcut was active
in the lower system prior to 1940. Between 1940 and
1990 the knickpoint migrated approximately 17,000
ft into the headwaters of the system.

During 1980-1983, mussel collections from the
lower half of the drainage below the county road
bridge at Smyrna resulted in only a single, old, live
specimen of Potamilus purpuratus and a few badly
weathered shells of four other species; 12 sp&ies
were found alive at and above the bridge (Hartfield
and Ebert 1986). In 1983, the knickpoint was appar
ently located some distance below the Smyrna
bridge. According to Patrick et al. (1991), by 1985 the
knickpoint had progressed 400 ft above the bridge
(Figure 2), including the area where mussels previ
ously occurred in greatest abundance, and by 1990 it
was over 3,000 ft above the bridge. The migration
rate has been about 560 ft per year in this vicinity,
and it is likely to continue into the very headwaters
of the system. Most tributaries in the affected
portion of the drainage have experienced similar
degradation. Repeated collecting trips since 1985
h a v e f o u n d n o l i v e u n i o n i d m u s s e l s i n t h e a r e a
where headcut-induced channel degradation has
occurred and where 12 species were known to have
previously survived.

Based on the current knowledge of the distribu
tion of mussels in the system, at least five species of
mussels were extirpated when the headcut passed the
Smyrna bridge. It is likely that an unknown number of
species had previously been extirpated from the lower
portion of the system. Today, up to seven species of
mussels are believed to tenuously survive in uneroded
portions of the Bayou Pierre headwaters.
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H o m o c h i t t o R i v e r

The degradation of the Homochitto River has been
documented by Wilson (1979) and discussed by
Patrick et al. (1990). Meander cutoffs and
charmelization in the lower portion of the river

Figure 2: Bayou Pierre at Smyrna, Mississippi, in 1983
(top) and 1985 (bottom).

between 1938 and 1940 initiated a headcut of spec
tacular proportions. Wilsons' comparison of U.S.
Geological Survey data taken prior to channel
modification approximately 40 miles above the
mouth of the river with 1974 observations from the
same location showed changes in the width of the
low water channel from 96 ft, with an average depth
of 4.5 ft, to 328 ft, with an average depth of 1.0 ft
Wilson's data also show that the channel at this
location degraded approximately 15 ft during this
time and formed an eroded, sand-filled flood
channel over 3,000 ft wide! (Figure 3) The degrada
tion and bank loss extends into the very headwaters
of the drainage.

Nothing is known of the unionids inhabiting
this system prior to 1980, and only eight species of
mussels have been documented since (Table 1). Four
of the species had been collected only from a 100-m
reach of a secondary tributary watered by an
overflow from a U.S. Forest Service lake. In 1992 the
lake had been drained for maintenance, drying the
stream, and a search resulted in the collection of
only Aiwdonta grandis (a new drainage record). The
four species that were known only from this location
are now apparently extirpated from the drainage;
however, four other species that had also been
collected at this location may continue to survive at
other previously known sites in the extreme head
w a t e r s .

Coles Creek and Buffalo River
Both of these streams appear to have stabilized from
past degradation events. Their channels are wide,
sand-filled, and uniformly shallow. Substrates are
generally unstable, and quicksand is common in
both drainages. Only two species of mussels have
been collected from a small tributary of Coles Creek.

Figure 3: Degraded Homochitto River channel near
Rosetta, Mississippi, 1982.
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No mussels have been collected in any portion of the
B u f f a l o R i v e r .

There are no historic or early records of the
mussel faunas of the eastern tributaries of the
Mississippi River below the Yazoo River. All,
however, had the potential to support many of the
41 species historically known from the lower Missis
sippi River drainage. Streams of similar lengths and
drainage areas in Gulf Coast drainages in Missis
sippi and Louisiana, and draining similar geologic
strata, have diverse mollusk faunas.

Headcuts have been well documented in the
Homochitto and Bayou Pierre drainages. There is
little doubt of the consequences of headcutting on
the mussel fauna in these streams. The Buffalo River
and Coles Creek have channels characteristic of
degraded streams. Although the evidence is circum
stantial, it is likely that more diverse and extensive
mussel faunas in these four streams were decimated
by headcuts. The Big Black River fauna appears
relatively intact; however, it may be threatened by
similar processes.

Florida Parish Drainages, Louisiana
Although there has been limited channel modifica
tion in most of the river drainages of the Florida
parishes of Louisiana, the primary cause of
headcutting in this area appears to be instream
gravel mining, and stream capture by overbank
gravel mines. Headcuts are known to be progressing
in the Amite, Tangipahoa and Bogue Chitto rivers in
Louisiana. The mus^l fauna of these drainages has
been described by Stem (1976) and summarized by
Vidrine (1985) (Table 2). Hartfield (1988,1989)
commented on the fauna of the Amite and
Tangipahoa rivers and some factors affecting them.
A m i t e R i v e r

The Amite River drains portions of southwest
Mississippi and the Florida parishes of Louisiana
into Lake Maurepas. There has been some channel
modification in the lower drainage for navigation;
however, severe bank erosion becomes manifest in
the middle reach of the river and above, remote
from the modified channel. Abandoned and active
gravel mines can be found sporadically within and
along the river banks from U.S. Interstate 12 up
stream to near the Louisiana/Mississippi state line.
They are particularly concentrated for several miles
up- and downstream of the state Highway 37
bridge, which bisects the drainage (Hartfield 1989).
Mines occur along both banks in this vicinity, with
overbank mines occasionally extending over one-
half mile from the river's edge. It appears the river
has been captured by overbank mines in several

locations. The Amite River Sand and Gravel Com
mittee (1992) estimates that 130 to 140 acres are
mined annually along this river in Louisiana.

The mining of point bars and meander bends
has been a common practice in the Amite River,
resulting in severe local changes in river slope and
channel morphology. The combined effects of
stream capture by overbank mines and instream
mining has resulted in bank collapse, degradation,
widening and straightening of the channel, and a
headcut that has progressed upstream to near the
Mississippi state line (Figure 4). The Amite River
Sand and Gravel Committee (1992) has documented
a 10% reduction in channel length that occurred
between 1940 and 1983 due to flood plain mining in
a 27-mile reach of the river.

Vidrine (1985) noted records of 32 unionid

Table 2. Mussels of the Amite, Tangipahoa, and Bogue
Chitto Rivers, Louisiana.
S o e c i e s A m i t e T a n g i p a h o a B o g u e C h i t t oSpecies
Amblema pUcata
Anodonla grandis
Anodonla imbecillis
Anodontoides radiatus
Arcidens confragosus
Elliptio crassidens
EUiptio area
Fusconaia cerina
Glebula rolundala

Lampsilis claibornensis
Lampsilis hydiana
Lampsilis ornata
Lampsilis teres
Leptodea fragilis
Ligumia subrostrala
Megalonaias nervosa
Obliquaria reflexa
Obovaria jacksoniana
Obovaria unicolor
Plectomerus dombeyanus
Pleurobema beadleanum
Potamilus inflatus
Potamilus purpuratus
Quadrula apiculala
Quadrula refulgens
Slrophitus subvexus
Toxolasma parvus
Toxolasma texasensis

Trilogonia verrucosa
Truncilla donaciformis
Uniomerus tetralasmus
Villosa lienosa
Villosa vibex
Corbicula fluminea

Total unionid species
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species from the Amite River drainage. The most
recent survey of the main channel in Louisiana
resulted in the collection of 21 species: all 21 were
collected from the lower river well below the area of
intensive mining; 15, from a transition reach below
the mines; 10, from the mined and headcut reach;
and 12, above the degraded channel (Hartfield 1989).
In the most intensely mined reach, a distance of over
10 miles, no live mussels were found, only some
badly weathered shells. In the degrading channel
above the mines, mussels were concentrated at a few
isolated locations where the bank and bottom had
been by-passed by the headcut. For example, where
an island had been formed by a neck cutoff, the
natural, or west, channel had been spared the severe
degradation experienced both above, below, and in
the new east channel. All 10 species of mussels
collected in the degraded channel reach were found
in this short stretch of protected channel. A similar
situation was also encountered at another location
where a chute cutoff had developed, leaving a small
area of the channel temporarily protected from scour.

J
Figure 4: Amite River, 1988. Uneroded channel near the
Mississippi/Louisiana State line (top); channel reach eroded
by headcut south of Louisiana Highway 10 (bottom).

Once again, all 10 species were represented in this
area. In other isolated upstream areas, a few species
were occasionally taken from small, stable areas
adjacent to the bank. Unfortunately, these areas where
mussels continue to survive are in a state of transition
and likely to be ultimately dewatered, filled, eroded, or
otherwise destroyed as the headcut progresses.

Tangipahoa River
A mussel fauna of 25 species has been recorded from
the Tangipahoa River (Vidrine 1985, Hartfield 1988).
During a 1988 survey of bridge crossings and selected
reaches along approximately 100 miles of the main
channel, 20 mussel species were collected (Hartfield
1988). Although there was little active gravel mining in
evidence along the Tangipahoa, abandoned mines
occurred near most access points to the river.

The abundance and diversity of the mussel
fauna appeared to be related to channel stability in
1988. Approximately 15 river miles of the lower
river was described as stable, narrow, deep, and
with wide meanders. Live mussels were locally
abundant, and 12 species were collected alive. In a
15-mile reach above state Highway 22, bank erosion
was evident, point bars were numerous, and only 22
live mussels representing four species were found.
An additional eight species were represented by
badly weathered shells. The channel continued to
deteriorate for a distance upstream, becoming wider
and shallower. At five collection locations along
approximately 50 miles, the only bivalve shells
found were a few badly weathered Corbiciila
fluminea. Old and recently active gravel mines were
evident at most access points to the river. Further
north, gravel mines and signs of active channel
erosion diminished, and the channel appeared stable
near the Mississippi/Louisiana state line. Mussels
were found to be locally abundant in this area, and
17 species were collected alive.

Bogue Chitlo River
The primary area of channel instability in the Bogue
Chitto River occurs in the vicinity of gravel mines in
Washington Parish, Louisiana. The channel shows
signs of an actively headcutting stream around and
above the mines: bank collapse, channel widening,
shallowing, and a shifting sand and gravel bottom.
The Bogue Chitto has also been bisected by the Pearl
River navigation canal near its confluence with the
Pearl River. It is not known whether this channel
modification has contributed to the instability.
Although the effects of erosion on the Bogue Chitto
mussel fauna have not been documented, many of
the 19 species may have been eliminated from the
areas o f ac t i ve e ros ion .
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Other F lor ida Par ish Streams

Vidrine (1985) reports 19 species of unionid mussels
from the Tickfaw River and seven species from the
Tchefuncte River based on collections by Stern
(1976). The condition of these streams and their
mussel faunas has not been recently assessed.

Severely eroding channels in the streams of the
Florida parishes are directly correlated with the
presence and intensity of gravel mining activities. A
c l e a r c o r r e l a t i o n h a s a l s o b e e n s h o w n b e t w e e n
channel degradation resulting from inappropriate
mining activities within and adjacent to the Amite
and Tangipahoa rivers and the distribution and
a b u n d a n c e o f u n i o n i d m u s s e l s . T h e U . S . F i s h a n d
Wildlife Service (1991) considers stream erosion
precipitated by gravel mining as the primary threat
to the federally listed species Potamilus inflatus in the
Amite River and a primary factor in its extirpation
from the Tangipahoa River.

B u t t a h a t c h e e R i v e r

The Buttahatchee River is a major tributary of the
Tombigbee River in northeast Mississippi. The
Buttahatchee supports a mussel fauna of 37 species
and provides much of the remaining available
habitat for federally listed species: Epioblasma penita,
Pleurobema taitianum, Lampsilis perovalis, Medionidus
acutissimus, Pleurobema decisum, and Pleurobema
perovatum (U.S. Fish and Wildlife Service 1991,
Jones 1991).

R e c e n t s t u d i e s i n d i c a t e t h a t t h e B u t t a h a t c h e e
River and its aquatic fauna have been adversely
affected by construction of the Tennessee-
Tombigbee Waterway, as well as by gravel mines in
its lower reaches (Hartfield and Jones 1990, Jones
1991). Prior to construction of the waterway, the
Tombigbee River at the confluence with the
Buttahatchee was a narrow, deep, meandering
channel in a heavily forested floodplain. The naviga
tion canal of the waterway, into which the lower
Buttahatchee River now drains, is wide and straight
and flows into Columbus Lake. The morphology of
t h e n e w c h a n n e l a n d t h e e x t e n s i v e b a n k e r o s i o n t h a t
is evident along the canal in this area suggest that
flood flows have been accelerated by these channel
m o d i fi c a t i o n s . T h i s w o u l d r e s u l t i n a l o w e r fl o o d

profile in the waterway than under previous natural
conditions, effectively increasing the slope of the
lower Buttahatchee at higher flows. Although signs
of ac t i ve bank e ros ion i n th i s l ower reach o f t he
Buttahatchee River are not extensive, meanders have
been cut off, and the gravel shoals and riffles are
obviously reworked. Changes in the molluscan
fauna have also occurred. A comparison of a pre-

waterway mussel survey (Yokley 1978) and a post-
waterway survey (Hartfield and Jones 1990) found
t h a t m u s s e l a b u n d a n c e h a d d e c l i n e d 9 5 % i n t h e
l o w e r m o s t 6 k m o f t h e B u t t a h a t c h e e R i v e r a n d t h a t
mussel diversity had declined 60% (Jones 1991). No

Figure 5: Uneroded Buttahatchee River channel about 10
miles above the gravel mines (top); severely eroded
channel about 1 mile above the mines, 1992 (bottom).
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significant changes in abundance and diversity were
noted in the upper reaches of the river.

Recent stream capture by gravel mines has also
seriously altered stream hydraulics and channel
configuration in the Buttahatchee River. During the
spring floods of 1991, a levy failed that had sepa
rated the Buttahatchee River from an extensively
mined area on the north bank of the river, in the
vicinity of U.S. Route 45, Monroe County, Missis
sippi. This resulted in the formation of a new
channel through the mines and left over 0.5 miles of
the natural channel either dry or ponded. Extensive
erosion is occurring in the new channel and above
the new cutoff. In addition to the elimination of

aquatic fauna and their habitat in the abandoned
natural channel, gravel bar habitat about 2 miles
downstream of the capture that formerly supported
Epioblasma penita, as well as other species, was
buried by loose sand and gravel, washed down from
the now-eroding section of the river. A headcut is
also progressing above the point of stream capture
as the river channel attempts to adjust to the in
crease in slope (Figure 5). In spring 1992, the
headcut extended over 2 miles upstream from the
gravel mines. Bank failure, channel widening, and
shoaling of sediments have been extensive. Several
gravel shoals that previously supported endangered
mussels and that are candidates for endangered
status, as well as many other species, have been
destroyed by erosion or buried by sediments. One of
these shoals was the only location where Pleurobema
taitianum has been observed alive since it was listed
as an endangered species.

Figure 6: One of three unpermitted point bar mines
within the mean high-water channel of the East Fork
Tombigbee River, 1992.

Other Tombigbee River tributaries
The East Fork Tombigbee River was bypassed by the
canal section of the Tennessee-Tombigbee Water
way. Gravel mining is also a problem on the East
Fork and has caused extensive erosion and channel

adjustments (U.S. Army Corps of Engineers 1991).
During a September 1992 float through approxi
mately 10 miles of the East Fork, the author ob
served three active mines that had completely
removed large point bars (Figure 6). A short, up
stream reach of river channel that will be affected by
these mines provides habitat for the following feder
ally listed species: Pleurobema curtum, Pleurobema
taitianum, Epioblasma penita, Pleurobema decisum, and
Lampsilis perovalis.

A 4-mile reach of the lower Luxapalila Creek is
scheduled for channelization in 1993. At least 17
mussel species, including three species proposed for
federal protection, continue to survive in this stream
(Hartfield and Bowker 1992). Grade control struc
tures are included in the project design and should
prevent a headcut from occurring above the project
area. However, the improved drainage efficiency of
the channelized stream will increase the high water
slope immediately above the project. It is possible
that the benthic microhabitat will be affected by
increased velocities and channel scour for several
miles upstream of the project area, as occurred in the
l o w e r B u t t a h a t c h e e R i v e r .

The gradient changes created by dredging and
impoundment of the Tombigbee River have the
potential to affect other tributary mussel communities
as well. Bank erosion is evident along the riverine sections
of tl\e Tombigbee Waterway almost to the confluence
with the Black Warrior River. Coal Fire Creek, Lubbub
Creek, and the Sipsey River have extensive mussel
faunas, including several federally listed species, and
may be threatened by increased flood gradients in the
lower portions of their drainages.

Summary
Two primary sources of headcuts have been identi
fied: channel modifications for flood control or

navigation, and gravel mining. Factors affecting
hydrologic and channel parameters can also work in
concert to precipitate or aggravate headcuts.

The mussel fauna of a stream is severely affected
by headcutting, and other components of the aquatic
community may be similarly affected. Although the
actual extent of the molluscan faunal loss due to
headcuts is unknown, their effects on several species
are well documented. Potamilus inflatus is threatened
to become extirpated from the Amite River by gravel
mining activities. Pleurobema curtum, Pleurobema
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taitianum, and Epioblasma penita are in eminent
danger of extinction due to headcuts initiated by
gravel mining and channel modification. Pleurobema
decisum, Pleurobema perovatum, Lampsilis perovalis,
and Medionidus acutissimus are in danger of extirpa
tion from significant portions of their remaining
habitat due to the same activities. The aquatic snail
Lithasia hubrichti may already be extinct due, at least
in part, to channel degradation in the Big Black River.

Other economic and biologic consequences
attributed to headcuts are readily apparent. Millions
of dollars have been expended on road and bridge
repair and replacement in degraded stream systems.
Literally thousands of acres of land have been
eroded in the Amite, Homochitto, and Bayou Pierre
drainages alone. Timber resources on these eroded
acres have also been lost. Reduced or lost recre
ational potential, aquatic productivity, fisheries,
land value, and aesthetic value are additional public
and private costs of headcutting.

Today, channel modification projects are usually
designed with the consideration of potential up
stream channel adjustments. Unfortunately, this
consideration extends only to gross characteristics of
channel morphology and does not consider the
effect of moderate changes in stream dynamics on
species such as mussels. As demonstrated by the
faunal losses in the lower Buttahatchee River,

upstream microhabitat alteration with severe
biological impacts can occur with little apparent
change in channel morphology. Additional studies
are needed to document these changes and their
effect on mussels and other faunal groups.

Gravel mining has been an industry in the
Southeast for several generations. Recently increased
demand for aggregates, along with new, readily
available technology that has greatly improved the
efficiency of gravel removal, has made the industry
a primary threat to many riparian ecosystems.
Inappropriately sited gravel mines may profit
individual landowners and gravel mine operators,
but offsite riparian landowners receive no compen
sation for aggregate resources that are eroded and
washed downstream, timber lost to erosion, losses of
recreational value and opportunities, or decreased
property values when mine-induced headcuts move
through their properties.

Current state surface mining laws are inad
equate to protect riparian ecosystems in Louisiana
and Mississippi. State agencies mandated to carry
out existing regulations are understaffed and
underfunded. Louisiana mining regulations have no
restrictions on the mining of point bars and stream
banks. Mississippi, however, requires permits for
surface mines in excess of 4 acres, and sensitive
biological features can be considered in the denial of

permits. The aggregate mining industry is a power
ful lobby in both of these states, and current regula
tions and monitoring agencies are unlikely to be
strengthened without a concerted effort, ̂ parian
landowners upstream of sand and gravel mines
need to be apprised of potential causes and effects of
stream erosion on their properties.

Federal regulations under Section 404 of the
Clean Water Act apply to gravel mining activities
only when dredged or fill material is discharged into
waters of the United States. Regulations imder
Section 10 of the Rivers and Harbors Act, however,
require a permit for dredging within the mean high
water mark of a navigable stream. Although detec
tion and prosecution imder Section 10 is difficult,
strict enforcement of Section 10 regulations has the
potential to reduce, if not eliminate, the mining of
point bars. In 1991, the New Orleans District of the
U.S. Army Corps of Engineers issued a letter to
gravel operators along the Amite River explaining
the permit requirements of Section 10 as related to
the mining of point bars. This letter and frequent
inspection visits have curtailed point bar mining
activities in this drainage. Permits have not been
issued for mining within the river channel, due in
part to the potential effects on the federally listed
mussel Potamilus inflatus. Unfortunately, other
drainages are not receiving this level of enforcement
and protection. Section 10 of the Rivers and Harbors
Act should be strictly enforced in all navigable
streams, and the permitting process must consider
the public, private, and ecological costs of sand and
gravel mining.

Fisheries and riparian biologists also need to
educate themselves and their students on the

processes and consequences of stream degradation
and headcuts. There has been little discussion of the

significance of headcutting on the southeastern
aquatic fauna in aquatic ecology literature, and only
mention of the effects of erosion (Hackney et al.
1992). Unfortunately, in many parts of the southeast-
em United States streams have been headcutting for
two generations, and many biologists consider the
phenomenon part of the "natural" dynamics of
regional drainages. Discussions of the signs and
symptoms of headcutting streams with aquatic
biologists in different regions indicate that this is not
an isolated problem. Unconsolidated or partially
cemented geologic sediments vulnerable to
headcutting are in many other parts of the country
where stream modification and gravel mining also
occur. The extent of headcutting and stream degra
dation on other regional faunas should be thor
oughly investigated.
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Reproductive Strategies of Japanese Unionid Mussels

Ta k a k i K o n d o
Osaka Kyoiku University, Division of Natural Science, Kashiwara, Osaka, Japan

Abstract According to the temperature when glochidia are discharged, Japanese unionid mussels
are grouped into "summer" and "winter" breeders. Here, summer and winter breeders are
defined as the species that can release glochidia only when the water temperature is higher than
10°C or when it is lower than lO'C, respectively. Summer breeders may reduce the cost of
reproduction by acquiring the ability of host recognition, which may allow them to breed and
grow at the same time. Winter breeders, by contrast, may produce more eggs to compensate for
the reduced probability of coming into contact with a host due to the low fish activity in winter.
The period of glochidial release may be primarily determined by temperature but seems to be
modified by the availability of host fish.

I n t r o d u c t i o n

Unionid mussels are characterized by a peculiarly
specialized reproductive habit. The larvae
(glochidia) are obligate parasites on the gills or fins
of fish. Glochidia are entirely immobile, and their
contact with fish depends on chance (Lefevre and
Curtis 1910). Because fish are more active in sum
mer, glochidia may have more opportunity to come
i n t o c o n t a c t w i t h fi s h i n s u m m e r t h a n i n w i n t e r .

However, there have been only a few studies on the
difference in the reproductive strategy between
summer and winter breeders (Kondo 1987,1989).

There are about 15 species of unionid mussels in
Japan. The period of female gravidity has been
reported for most species (Awakura 1964, Higashi
and Hayashi 1964, Kondo 1987). The periods of
glochidial release by females and host fish species
have been examined for several species (Awakura
1964; Kondo 1987,1989; Fukuhara et al. 1986); the
duration of glochidial attachment has been investi
gated for only two species (Mizumoto and
Kobayashi 1954,1956; Dudgeon and Morton 1984).

Here, I summarize the pertinent data dealing
with various aspects of reproduction among Japa
nese unionid mussels and describe their reproduc
tive strategies.

G l o c h i d i a

Glochidia have been described by Inaba (1941),
Awakura (1964), Kondo (1982), Kondo and
Yamashita (1980), and Fukuhara et al. (1987). Their
conchological characters are shown in Table 1. There
are two types of glochidia, hooked and bookless.

Hooked glochidia are observed in the genera Unio,
Lanceolaria, Cristaria, Anodonta and Oguranodonta, and
bookless glochidia are seen in Margaritifera, Pseudodon
and Hyriopsis. But inwardly directed, daggerlike
structures are observed along the ventral border of
glochidia in Margaritifera laevis (Awakura 1968), and
the flange projects inward from the inner edge of the
ventral border of glochidia in Pseudodon omiensis
(Kondo and Yamashita 1980). Both types of glochidia
are found in Inversidens. Larval thread and hair cells
are present in all species except M. laevis and P. omiensis.

Glochidia are diverse in size, ranging from a
minimum length of 0.058 mm in P. omiensis to a
maximum of 0.297 mm in Cristaria plicata. But tiny
glochidia increase in size during metamorphosis.
Mean shell length of juveniles just after detachment
from the host is about 0.44 mm in M. laevis
(Awakura 1964) and 0.179 mm in P. omiensis (Kondo,
unpublished data).

Breeding Seasons
According to the length of time glochidia are
maintained within the marsupia, unionid mussels
are usually divided into two groups: long-term
(bradytictic) and short-term (tachytictic) breeders
(Lefevre and Curtis 1910, Kat 1984). In the former,
spawning and hatch of glochidia occur during late
summer and early autumn, but glochidia are not
released from the marsupia until ̂ le following spring or
early surruner. In the latter, eggs are fertilized in late
spring or summer, and females release glochidia by the
end of summer.

Conservation and Management of Freshwater Mussels: Proceedings of a UMRCC Symposium
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Inversidens yamgawensis starts to breed in early
autumn (Kondo 1987), and gravid females of
Anodonta ivoodiana were observed throughout the
year (Higashi and Hayashi 1964). These species
seem to be long-term breeders. However, glochidia
attached to the host are observed from autumn in 1.
yanagawensis (Kondo 1987) and throughout the year
in A. woodiana (Fukuhara et al. 1986). Moreover,
some females maintain glochidia in the marsupia for
several months, while others discharge glochidia
soon after the hatch in A. woodiana (Fukuhara and
Nagata 1988). Therefore, it may be better to separate
the species into "summer" and "winter" breeders
with respect to the temperature when females can
discharge glochidia. Here, summer and winter
breeders are defined as species that release glochidia
when the water temperature is higher than lO'C or
lower than lO'C, respectively.

In consideration of glochidial growth during
metamorphosis and the period of glochidial release,
Japanese imionid mussels are divided into four
groups (Table 2). M. laevis and P. omiensis are the
only members of the summer and winter breeders
with glochidial growth. Five species are winter
breeders without glochidial growth, and seven
summer breeders are without glochidial growth.

C l u t c h S i z e

C l u t c h s i z e o f u n i o n i d m u s s e l s i s d e fi n e d a s t h e
number of eggs in the marsupia of the mother. Because
clutch size increases with the shell length of the mother,
the number of eggs when the mother is at a shell
length of 45 mm was estimated based on a regres
sion equation to compare between species (Figure 1).

Pseudodon omiensis and M. laevis use all four gills
as marsupia (Tetragenae), and their glochidia are
almost the same size. But P. omiensis produces more
eggs than M. laevis. In species that use entire outer
gills as marsupia (Homogenae), clutch size de
creases with the size of glochidia in summer breed
ers. This tendency is also observed in winter breed
ers. When clutch size is similar, glochidia are larger
i n w i n t e r b r e e d e r s t h a n i n s u m m e r b r e e d e r s . T h e s e
results suggest that the cost of reproduction is
higher in the winter breeder than in the summer
b r e e d e r .

Host Recognition by Glochidia
Hos ts o f M . l aev i s a re l im i t ed t o sa lmon id fishes i n
the genera Salmo and Oncorhynchus (Awakura 1968).
Such host specificity is not observed in other species

Table 1. Conchological characters of glochidia of Japanese unionid mussels.*

Species S L S H Type Shape C o l o r

Margaritifera laevis 0 . 0 7 0 . 0 6 book less semi-elliptical milky white
Pseudodon omiensis 0 . 0 5 8 0.063 book less semi-elliptical milky white
Unio douglasiae 0 . 1 8 3 0 . 1 5 6 h o o k e d subtriangular b u f f
Unio biwae 0 . 1 7 0 0 . 1 5 1 h o o k e d subtriangular milky white
Inversidens brandti 0 . 1 8 6 0 . 1 9 4 b o o k l e s s s e m i c i r c u l a r creamy yellow or orange
Inversidens japanensis 0 . 1 9 0 0 . 2 1 3 b o o k l e s s semi-elliptical b u f f

Inversidens yanagawensis 0 . 2 4 2 0 . 2 3 2 h o o k e d subtriangular milky white
Inversidens reiniana 0.224 0 . 2 1 9 h o o k e d subtriangular milky white
Lanceolaria grayana 0 . 2 1 5 0 . 2 0 9 h o o k e d subtriangular creamy yellow or vermilion
Lanceolaria oxyrhyncha 0 . 2 1 0 0 . 2 0 2 h o o k e d subtriangular creamy yellow or vermilion
Hyriopsis schlegeli 0 . 2 2 7 0 . 2 6 4 book less semi-elliptical milky white
Cristaria plicata 0.297 0.324 h o o k e d subtriangular b u f f
Anodonta woodiana 0 . 2 8 0 0.298 h o o k e d subtriangular b u f f

Anodonta calipygos 0 . 2 5 1 0 . 2 9 7 h o o k e d subtriangular b u f f

Oguranodonta ogurae 0 . 2 4 0 0 . 2 6 6 h o o k e d subtriangular b u f f

* SL = shell length (mm); SH = shell height (mm).

Table 2. Reproductive manners of Japanese unionid mussels (Kondo 1987).
With glochidial growth Without glochidial growth

Winter breeders Psciidodon omiensis Inversidens yanagawensis, Inversidens reiniana, Cristaria plicata,
Anodonta zvoodiana, Anodonta calipygos

Summer breeders Margaritifera laevis Inversidens japanensis, Inversidens brandti, Unio douglasiae, Unio biwae,
Lanceolaria grayana, Lanceolaria oxyrhyncha, Hyriopsis schlegeli



1 4 4 Conservation and Management of Freshwater Mussels: Proceedings of a UMRCC Symposium

(Mizumoto and Kobayashi 1955, Kondo 1989). Each
mussel typically has more than three host fish
species belonging to different families or subfamilies.

Glochidia are unselective in attachment. They
grasp not only the fin of host fish but also pieces of
paper tissue and polythene (Wood 1974). But
successful parasitism relies on the behavior of
glochidia. Glochidia of summer breeders are able to
select the proper host (Kondo 1989). When they
attach to nonhost fish, they leave it before encyst-
ment and wa i t fo r the chance to contac t a hos t fish .

By contrast, glochidia of winter breeders cannot
distinguish the nonhost from the host. Encysted
glochidia on the nordiost fish will be broken down
by the immunoreaction of fish, the so-called immune
cyst (Arey 1932). The presence of sensory hair,
which is considered as a chemical receptor, has no
relation to the ability of host recognition because the
hair is found in all species except M. laevis and P.
omiens i s .

Influence of Water Temperature on the
D u r a t i o n o f A t t a c h m e n t

Duration of glochidial attachment is influenced
largely by water temperature. The higher the
temperature is, the shorter the duration (Mizumoto
and Kobayashi 1954,1956; Zale and Neves 1982b;
Dudgeon and Morton 1984). Within the optimal

range of temperature, this relation is described by a
simple formula:

K = D(T-t„) orV = (T-t„)/K

where K is the thermal constant; D is the mean
duration (days) of glochidia attachment; T is the
temperature at which infected hosts are reared; t̂ , is
the threshold of development or the developmental
zero; and V (= 1/D) is the velocity of development.
Figure 2 shows the relationships between tempera
ture and duration of glochidial attachment or
velocity of development in A. woodiana and Hyriopsis
schlegeli. Estimated from the linear regression, the
threshold of development is 6.4''C in A. woodiana and
10.9''C in H. schlegeli (Table 3), which is almost equal
to the lowest temperature of glochidial release in
each species (Mizumoto and Kobayashi 1955, Kondo
1987). Females probably release their glochidia only
when the temperature exceeds the threshold.

The range of the duration of glochidial meta
morphosis at different temperatures has been
reported for a few American species (Zale and
Neves 1982b). If the mean duration is the arithmetic
average of maximum and minimum days, then the
relationship between temperature and velocity of
development can be estimated for two species (Table 3).
The threshold of development is 14.0''C in Villosa
nebulosa and Villosa vanuxemi. The release of

glochidia by V. nebulosa and V. vanuxemi occurs from
April to mid-August and from October to May,
respectively (Zale and Neves 1982a, b). Temperature
during the period of glochidial release is over the
threshold in V. nebulosa but lower than the threshold
in V. vanuxemi. Host fish of V. vanuxemi are abun
dant only in fall and spring, which may modify the
period of glochidia release by V. vanuxemi.

Reproductive Strategies
Summer breeders produce fewer eggs than winter
breeders when the size of glochidia is similar. Also,
glochidia of summer breeders can select their proper
host, whereas those of winter breeders cannot
distinguish the nonhost from the host. Why are there

Shell length (mm)

Figure 1. Relationships between shell length of glochidia
and the number of eggs when the mother is at 45 mm in
shell length. Open and closed circles indicate winter and
summer breeders, respectively (Kondo 1987). Aw: A.
woodiana, lb: /. brandti, Ij: /. japanesis, ly: /. yanagawensis, Lg:
L grayana, Ml: M. laevis, Po: P. omiensis, Ud: U. douglasiae

Table 3. The threshold temperature (t̂ ) and thermal
constant (K) for the duration of glochidial attachment,
based on the linear regression of velocity of development
on temperature .

Species
Anodonta looodiana

Hyriopsis schlegeli
Villosa nebulosa
Vil losa vanuxemi

Regression equation
V = 0 . 0 0 8 2 T - 0 . 0 5 2 6

V = 0.0082T-0.0892
V = 0.0061T-0.0857
V = 0.0067T-0.0875
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s u c h d i f f e r e n c e s b e t w e e n s u m m e r a n d w i n t e r
b r e e d e r s ?

Glochidia, which are entirely immobile (Lefevre
and Curtis 1910), may have many opportunities to
come into contact with host fish in summer, even
after shedding from nonhost fish, because fish
activity is high. Thus, it may be advantageous for
them to leave a fish as soon as possible when it is
unsuitable. Moreover, summer is the growing
season for mussels (Negus 1966, Kondo 1992), and
there is a trade-off between growth and reproduc
tion (Adam 1990). Summer breeders must grow and
breed at the same time, which may force them to
reduce the cost of reproduction by decreasing the
number of eggs. The ability to recognize hosts may
compensate the small clutch size in summer breeders.

In winter breeders, the ability to recognize hosts
may be of little advantage to glochidia because there
may be little probability of coming into contact with
fish in winter due to the low activity of fish. The
large clutch size may compensate the high mortality
rate of glochidia.

H y r i o p s i s s c h l e g e l i O

5 1 0 1 5 2 0 2 5

Tempera tu re (®C)

Figure 2. Relation of water temperature to the duration of
glochidia! attachment (open circle) or the velocity of
development (closed circle) in Anodonta woodiana (data
from Dudgeon and Morton 1984) and in H. schlegeli (data
from Mizumoto and Kobayashi 1954,1956).

The period of glochidial release may be prima
rily determined by the temperature, but also influ
enced by the availability of host fish, as observed
with V. vanuxemi. More data on the fimdamental

biology of both mussels and host fish should there
fore be accumulated to understand the reproductive
strategies of unionid mussels.
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Techniques for Monitoring Freshwater Bivalve Communities and
Populations in Large Rivers

Andrew C. Miller^ Barry S. Payne^ Deborah J. Shafer^ and Larry T. NeilP
'L/. S. Army Engineer Waterways Experiment Station, Vicksburg, Mississippi
^Tennessee Valley Authority, Muscle Shoals, Alabama

Abstract Quantitative and qualitative methods have been used since 1983 to collect bivalves
(Mollusca: Unionidae, Corbiculidae) in large rivers in the central United States. Research was
designed to obtain information at the individual, population, and community levels. Demo-
graphically complete samples are sacrificed to measure shell morphometries, total mass, shell
mass, and tissue dry mass. Total density, population structure, and density of dominant species
are estimated. Relative species abundance, frequency of occurrence, species diversity, and species
richness are determined for each assemblage. A four-person dive crew equipped with surface-
supplied air and communication equipment collects quantitative (0.25 m^ total substratum) and
qualitative samples. Divers follow Occupational Safety and Health Administration regulations
and guidelines listed in U.S. Army Corps of Engineers Safety and Health Manual EM 385-1-1.
Procedures, equipment, time, and costs required to collect and process bivalves are described.
Techniques for analyzing and displaying data are illustrated.

I n t r o d u c t i o n

Since 1983 we have studied freshwater bivalves
(Unionidae, Corbiculidae) at dense and diverse beds
in medium-sized to large rivers in the central United
States. Research has been designed to obtain infor
mation at the individual, population, and commu
nity levels. A four-person dive crew from the
Tennessee Valley-Authority collects bivalves. Two to
five individuals process sediments on shore and
identify and measure specimens. Information on
physical condition, density, demography of domi
nant populations, species diversity, richness, and
relative species abundance is obtained at each bed.
As of October 1992, we have conducted extensive
studies at beds in the Ohio, Upper Mississippi,
Tennessee, Green, and Cumberland rivers (Figure 1).
Some beds have been studied only once, whereas
others have been studied annually or every other
year since the early 1980s. We have collected
bivalves at a bed near Olmsted, Illinois, for nine
years and have studied a bed in the Upper Missis
sippi River near Prairie du Chien for seven years.
Studies were conducted by personnel in the Envi
ronmental Laboratory of the U.S. Army Engineer
Waterways Experiment Station in Vicl̂ burg,
Mississippi. The Waterways Experiment Station is a
research facility for the U.S. Army Corps of Engi
neers (USACE). The Tennessee Valley Authority
provides energy for the Tennessee Valley.

This paper describes techniques and equipment
that we use to collect and process freshwater
bivalves. In addition, we illustrate methods for using
these data for hypothesis testing and evaluation of
environmental impacts. Our methods can also be
used to document the presence of endangered species
of mussels or to map beds. However, extensive
equipment, personnel, and time are required to
collect bivalves in large rivers using our methods.
Our techniques are designed specifically for long-
term studies in which detailed information is
required.

For a description of collecting bivalves by hand,
see Atheam (1969), Clarke (1981), and Miller and
Nelson (1983). Smith (1898), Coker (1919), Williams
(1969), Starrett (1971), and Miller and Nelson (1983)
describe use of the brail and other commercial

collecting devices. Wilcox et al. (these proceedings)
describe methods for conducting preliminary
surveys for endangered species of mussels (U.S. Fish
and Wildlife Service 1991).

Corps of Engineers Diving Regulations
Background
The importance of diving safety regulations was
emphasized recently when a USACE diver was
killed. Consequently, as of 1 June 1992, regulations

Conservation and Management of Freshwater Mussels: Proceedings of a UMRCC Symposium
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concerning diving were reviewed and revised and
are described in ER 385-1-86. Many requirements
concerning training and number of divers are more
stringent than before. The purpose of this section is
to review current USAGE requirements for divers
engaged in scientific collecting in large rivers. It is
not a complete listing of all regulations pertaining to
diving. Additional information can be found in Occupa
tional Safety and Health Standards, 29 CFR1910, and
Safety and Health Requirement Manual EM 385-1-1.

Regulations described herein apply to USAGE
employees engaged in diving. Contract divers
working for the USAGE must abide by Occupational
Safety and Health Administration regulations (29
GFR1910) and guidelines listed in Safety and Health
Requirement Manual EM 385-1-1. Regulations for
contract divers are currently being amended and are
scheduled to go into effect before the end of 1992.

Equipment
U.S. Army Corps of Engineers regulations state that
the preferred mode of operation is "surface-supplied
air." Self-contained imderwater breathing appara
tus (scuba) is acceptable when conditions do not
permit the use of a surface-supplied-air system.
Snorkeling and breath-hold diving are not used
unless scuba or surface-supplied air create a hazard
f o r t h e d i v e r.

Scuba gear must include as a minimum an

Figure 1. Location of mussel beds in major rivers studied
s i n c e 1 9 8 3 .

alternate air source (an octopus or bailout bottle), a
buoyancy compensation device, air pressure gage,
quick-release weight belt, depth gage, and knife.
Gear for surface-supplied air must include a reserve
breathing supply capable of being turned on by the
diver, an in-line reserve breathing air supply, an
electronic communication system, masks equipped
with a nonreturn valve with a minimum ventilating
capacity of 4.5 ft̂ /sec (127 liters/sec) at depth, as
well as weights, a safety harness, and a marked
umbilical/safety line. Safety equipment must
include a dive flag, first-aid kit, oxygen resuscitation
system, and Stokes litter or backboard.

Training
All divers, dive inspectors, and dive supervisors for
the USAGE must be graduates of an approved
training course. Typically this is a two-week course
at Key West (Florida) Gommunity Gollege that
consists of approximately 40 hours in the classroom
and 40 hours in the water. Training in the water
includes simulated emergency situations so divers
can practice rescue skills. Refresher training is
required at four-year intervals. Divers must com
plete at least 12 dives annually to retain certification.
Anyone who does not complete at least 12 dives will
have authorization revoked and will revert to
training status until required dives are completed.
Each diver must pass an annual physical examina
tion to determine fitness to dive. Gurrent certifica
tion in first aid and GPR techniques is also required.

Staffing Requirements for Dive Teams
A dive team, whether using scuba or surface-
supplied air, must have a minimum of four mem
bers. This includes a diving supervisor, primary
diver, secondary diver, and a standby diver who can
also function as a tender and timekeeper.

Diving Inspector
Gurrent regulations require that when a contract
dive crew is used, a USAGE diving inspector must
be present. The inspector must be a USAGE employee
and a graduate of an approved diving inspector
course. Prior to the dive, the inspector reviews the
dive plan submitted by the diving supervisor. The
diving inspector has the responsibility to ensure that
contract divers follow appropriate USAGE diving
regulations. The inspector does not supervise divers.

Working Conditions
An untethered scuba diver is limited to a maximum

depth of 60 ft (18.3 m) and a maximum current
velocity of 1 knot (0.515 m/sec). If current velocity
exceeds one knot, divers are required to be line-
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tended. When bottom visibility does not permit
continuous visual contact between divers, regula
tions require divers to be line-tended with two-way
voice communication. At depths of 60 to ICQ ft (18.3
to 30.4 m), divers must be line-tended with continu
ous voice communication. Dives to depths greater
than 100 ft (30.4 m) are not permitted under existing
regulations.

Diving Equipment and Procedures
Background
The two types of diving systems that are commonly
used for surveys in large rivers are surface-supplied
air, commonly referred to as hooka, and scuba. Both
systems have their advantages and limitations.
Scuba allows portability, underwater mobility, and
simplicity of operation. However, by using scuba,
the diver sacrifices time under water and safety,
especially during times of limited visibility or high
water velocity. Standard scuba safety procedures
usually require at least two divers who are sup
posed to remain in visual or physical contact.

Surface Air Supply
The majority of our mussel surveys are conducted
under conditions of limited visibility and high water
velocity. Therefore, a surface-supplied air system is
preferable. There are two types of surface-supplied
air systems. The first is a low-pressure (100-120
pounds per square inch (psi), or 70 to 84 kg/cm )̂ oil-
less compressor driven by a 3 to 5 hp gasoline
engine, a water separator and filtration device, an
expansion tank, and the diver's umbilical. The
second and preferred system uses a bank of high-
pressure (3,500 to 5,000 psi [2,460 to 3,515 kg/cm ]̂)
air cylinders (approximately 375 ft̂  [10,620 liter] per
cylinder at 3,500 psi [351 kg/cm ]̂), a tender-con
trolled pressure regulator, and distribution lines to
the diver's umbilical. After dives are completed, the
high-pressure tanks are recharged with a high-pressure
breathing air compressor and purification system.

The diver's umbilical, which is used for both
types of surface-supplied air systems, consists of a
floating (breathing air certified) air hose (working
pressure 250 psi [176 kg/cm^]), a hard-wired com
munications rope, and a floating polypropylene
safety rope. All components are taped together at 15-
cm intervals. Power cord or video cable can be
a t t a c h e d t o t h e u m b i l i c a l i f n e e d e d .

The diver's mask and umbilical attach to a plate
worn on a harness. The plate securely holds the
safety line and air line and also contains a check
valve and a switching valve to a reserve tank on a
backpack worn by the diver. All controls are easily
accessible by the diver.

We use an AGA™ full-face mask with floodable
microphone with a pressure demand regulator that
maintains approximately 0.5 psi (0.35 kg/cm^)
within the mask. This slight positive pressure seals a
reserve lip at the skirt of the mask, creating a
positive and comfortable seal on the diver's facial
contour. In addition, the slight positive pressure
precludes leakage and ensures that the AGA mask is
self-purging if it is removed or knocked off under
water. The AGA full face mask eliminates fogging
and difficulty in equalization and minimizes jaw
muscle fatigue.

Diver maneuverability is limited by the type of
equipment being used. All aspects of the task must
b e c o n s i d e r e d t o d e t e r m i n e w h e t h e r s c u b a o r

surface-supplied air systems should be used.
E n v i r o n m e n t a l c o n d i t i o n s u n f a v o r a b l e f o r s c u b a

include extremely poor underwater visibility and
high current velocity. Surface-supplied air systems
provide a safe method of performing tasks; how
ever, maneuverability is limited to the length of the
umbilical. A floating umbilical reduces entangle
ment with obstructions on the bottom and provides
the d i ve rs w i th a sense o f d i rec t i on when the re i s
limited visibility and high-velocity currents.

C o m m u n i c a t i o n D e v i c e s

Hard-wire communication provides a reliable, clear
l i n k b e t w e e n t h e d i v e r a n d t e n d e r a n d a l l o w s m o r e
efficient use of divers. Divers can be working on two
remote tasks simultaneously and not be in either
visual or physical contact. In addition, information
on substratum conditions, mussel densities, and
extent of the bed can be relayed to the tender and
decisions concerning study design made immediately.

Wireless communications are somewhat less
reliable because sound transmissions in water can be
blocked or distorted by objects between the trans
ducers, body shadowing, and the thermocline.
Hard-wire communication provides a secondary
link to the diver by being attached to the umbilical
in surface-supplied air systems. In times of emer
gency, a standby diver can descend the other's
umbilical more quickly than divers underwater can
be directed to a specific location.

Additional Equipment
The dive boat contains all necessary equipment for
supplying the divers with air and personal gear;
however, a support boat is usually required to hold
additional equipment. We use a 21-ft (6.4-m) open
vessel with a 96-in. (2.43-m) beam and 72-in. (1.83-m)
bottom powered by an outboard engine. The sup
port boat carries supplies that cannot be held in the
dive boat. This includes winches for hoisting
samples, a suction dredge, washdown pump.
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buckets, dredges, and extra sampling gear. Winches,
dredges, pumps, and other related gear vary in cost,
according to their complexity. Table 1 contains a list
of diving equipment and estimated costs.

Time Requirements
Each diver typically spends from 10 min to 3.5 hours
underwater per dive. A team of four divers alternat
ing on tasks usually logs 12 to 14 hours per day (3 to
4 hours per person). It can take 0.5 to 1.0 hour to
position and anchor boats, prepare the divers, and
remove their equipment after they leave the water.
Several hours in the evening are required to fill air
tanks and make minor repairs.
Choices of Equipment
In the early 1980s we used scuba for most of our
studies. However, the need to continuously fill air
tanks made scuba inefficient. Our ability to work in
large rivers is due in part to the use of surface-
supplied air and communications equipment.
However, sampling described in this paper can be
d o n e w i t h s c u b a .

The Dive Plan

Prior to initiating field studies, the dive supervisor
prepares a dive plan. The plan includes a brief
description of the methods and equipment that will
be used. Conditions of water depth, velocity, and
visibility are estimated. The qualifications of the
divers, including results of physical examinations,
are included. In addition, the dive plan contains
emergency telephone numbers for hospitals
equipped to deal with diving emergencies and
recompression chambers. The dive plan is submitted
to the USAGE diving inspector for review and filed
with the safety office. A copy of the dive plan is sent
to the safety office of the USAGE district where
studies will be done.

Table 1. Approximate costs of equipment used for a
sc ient ific d iv ine survey.

Boat, motor and trailer

Air-supply system
Low pressure

High pressure
Communications equipment
Diver's gear
First-aid and emergency equipment
A n n u a l m a i n t e n a n c e o f

Equipment and backup gear

Approximate cost
$ 20,000+

$ 1,500+
$ 13,000+

$ 2,500 (+$1,000 per mask)

$ 3 , 5 0 0 / d i v e r

$2,500

$3,000

Possible Hazards of Diving
Diving in large rivers is characterized by low
visibility, moderate to high currents, and the likely
presence of fish nets, trotlines, logs, and brush.
Rarely are these conditions encountered by recre
ational divers. Goncems over safety are frequently
voiced, often by nondivers who have never planned
or executed underwater studies.

Using communications equipment and reserve
air for each diver provides safe conditions for large-
river diving. A permanent dive crew that has
worked and trained together is safer than a group
assembled only for a specific project. The ability to
use common sense and work well with others is
important to safety. All personnel must have a
conceptual grasp of safety issues and the nature of
the project so they can deal with problems not
covered by regulations. It is our opinion that inspec
tors, supervisors, and safety personnel who review
dive plans and comment on safety should be certi
fi e d d i v e r s .

Methods for Conducting Mussel Studies
in Large Rivers
Background
Our studies are usually conducted at mussel beds
that were previously identified by others (for
example, see maps prepared by Peterson 1984).
Typically, USAGE or resource agency personnel are
aware of certain beds and desire additional informa
tion to assist with impact assessment and planning.
Therefore, our work usually does not require
searching for beds.

Our research requires three types of sampling.
First, a preliminary reconnaissance is conducted at the
bed to obtain information on substratum type, current
velocity, and presence of mussels. Next, quantitative
total substratum samples are obtained by two divers
working simultaneously. Finally, two divers collect
mussels by searching for live specimens encountered
by touch. The following is a brief discussion of proce
dures and equipment used for each task.

Preliminary Reconnaissance
The reconnaissance dive is made at the center and
usually the densest part of the bed. A single diver
spends 10 to 30 min on the bottom and relays
information to the tender on current velocity, bottom
type, and the presence of dead shells and live
mussels. Estimates of the number of live mussels per
square meter are made. After information close to
the boat is gathered, the diver investigates areas
closer to the shore and the river channel. The diver
also moves upriver and downriver at least 20 to 30 m.

After information on the first site has been
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gathered, the dive boats are moved to a new location
and the reconnaissance repeated. Before detailed
work begins, we usually investigate three to five
sites along the bed. The diver will stay on the bottom
for only a few minutes if conditions are similar to the
last site that was investigated. Sites are marked with
buoys or flagging fixed to prominent objects on shore.
The location of permanent sites is recorded with a
Loran or Global Positioning System.

We usually spend no more than one half to one
day conducting a preliminary survey at a bed where
detailed studies (four to five days total time) will be
conducted. It is difficult to justify having a single
diver in the water and a full shore crew available
when general information is being collected. How
ever, if the preliminary survey is eliminated (or done
poorly), then much time will be wasted when divers
attempt to sample inappropriate areas.

Quantitative Sampling
Quantitative samples are obtained with a 0.25 m^
quadrat (50 cm on a side), constructed of 0.6 xlOO mm
aluminum stock. Quadrats are placed approximately
1 m apart and arranged in a 2 x 5 matrix. Two divers
collect simultaneously, working their way upriver.
Each diver places a quadrat on the bottom and
scoops out all sand, gravel, live mussels, and shells
into a 20-liter bucket. The bucket is pulled to the
surface with a gasoline-powered winch. A prelabled 4-
liter plastic zipper lock bag is placed in each bucket,
which is later transported to shore.

Each site consists of two to three subsites that
are separated by 5 or 10 m and similar with respect
to water depth and velocity. The dive boats move to
a new subsite by simply letting out the appropriate
quantity of anchor line. Ten quantitative samples are
obtained at each subsite. If the substratum consists
of fine-grained material that can be collected easily,
60 quantitative samples can be taken in a day. If the
substratum consists of firmly packed sand and
gravel, 40 samples are usually collected in a day.

Sediments from each quantitative sample are
washed through three nested box screens (40 x 66
cm) with mesh measuring 0.635,1.27, and 34 mm on
a side. Wash water is taken from the river with a

gasoline-powered pump or carried in 20-liter
buckets. Live bivalves are picked from the sediments
and placed in the prelabled bags. The time required
to process samples depends on the efficiency of the
shore crew, substratum type, and the number of live
bivalves. In one day, a crew consisting of two to five
individuals can process all samples collected by the
divers, typically 40 to 60.

After all live bivalves have been removed from
sediments, each specimen is identified and total
shell length measured. Nomenclature is consistent

with Turgeon et al. (1988). Depending on the number
in each sample, it can take from 0.5 to 2 days for two
individuals to identify and measure all bivalves
collected in 60 quantitative samples. Mussels are
usually procesŝ  within 24 hours and retumed to ttie
river unharmed. If there is not enough time to process
in the field, mussels are preserved in buffered 10%
formalin and retumed to the laboratory for analysis.

Qualitative Sampling
Qualitative sampling consists of having a diver
collect live mussels by hand without bias as to
species or size. In large rivers this work is done by
feel since visibility is limited or nonexistent. Two
divers working simultaneously collect a total of 12
samples (nylon bags of mussels) at each site. Ap
proximately five mussels are placed in each of three
bags, and approximately 20 mussels are placed in
each of nine bags. A total of 185 mussels are collected
at each site, although numbers vary since divers
sometimes retrieve dead organisms or rocks. Divers
are instmcted to avoid collecting the Asian clam,
Corbicula fluminea. If taken inadvertently, this species
will later be eliminated from the qualitative samples.

When we use qualitative methods, a site actually
consists of a small area, approximately 20 or 30 m on a
side. We do not establish subsites when collecting
qualitatively as we do for the quantitative sampling. The
12 samples taken from the site can come from virtually
any area immediately under and adjacent to the boat

Depending on current velocity, substratum type,
and numbers and size of mussels, it can take 0.5 to 2
hours for two divers to collect a 12-bag set of mus
sels. In a single working day it is reasonable to
collect a 12-bag set of mussels at five sites. While the
divers collect, the shore crew sorts, coimts, and
identifies mussels. Usually one person records data
while another identifies mussels. Data are stored

using a personal computer (often in the field) using
a spreadsheet program.

Data Analysis
The following illustrates techniques that we use to
analyze qualitative and quantitative data on fresh
water bivalves. Information has been taken from
Miller and Payne (1988), Payne and Miller (1989),
and Miller and Payne (1991a,b; 1992a-c). For addi
tional information on methods for analyzing data
from field surveys for mollusks, see Green (1979),
Kovalak et al. (1986), and Isom and Gooch (1986).

Ability to Find Rare Species
In the Upper Mississippi River near river mile (RM)
708 a single diver equipped with surface-supplied
air made a series of timed searches for mussels
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(Miller 1988). The diver was instructed to collect all
mussels encountered. On the east side of the river
435 individuals of 11 species were found at 25 sites.
On the west side of the river 2,087 individuals of 23
species were taken at 32 sites. In this study a single
sample of mussels was taken at each site, and the
boat was repositioned after each sample was taken.
A total of 25 and 32 samples were taken on the east
and west side of the river, respectively. Mussels
were collected at a rate of 3.1/min on the west side
and 1.3/mm on the east side. On average, 65 mus
sels per site (or sample) were taken on the west side,
and 17 mussels per site (or sample) were collected
on the east side.

A comparison of cumulative number of species
collected versus cumulative number of sites surveyed
(Figure 2a) suggests that approximately equal effort
was spent at both locations. However, nearly twice as
much time was spent searching for mussels on the
west side as compared with the east side of the river
(Figure 2b). The best indication of effort expended to
obtain new species is illustrated by a comparison of
cumulative number of individuals versus cumulative
number of species collected (Figure 2c).

More species were taken on the west as com
pared with the east shore of the river (23 as com
pared with 11). On the west shore new species were
found gradually throughout the entire survey. On
the east shore no new species were taken after about
one-third of the sites had been surveyed. However,
sampling effort on both sides of the river, in time
expended and mussels collected, was not compa
rable. A convincing case for greater species richness
along the west shore could only be made if the
number of individuals collected on both sides of the
river was the same. Although the number of sites
surveyed was similar (32 as compared with 25), this
did not affect the number of individuals collected.
The best depiction of the relationship between effort
and species obtained appears in Figure 2c, which
accurately depicts biotic conditions at the bed.
Figure 2a and, to a lesser extent. Figure 2b give a
false impression of the comparability of sampling
intensity.

Physical Condition
At most beds, a subsample of mussels taken using
qualitative or quantitative methods is retained to
analyze shell morphometries. Total shell length,
shell height, and organism width (maximum size
exclusive of pustules) are measured. Total blotted
wet mass is recorded, the organism is shucked, and
the tissue is dried to constant weight at 60°C and
weighed. Shells are also dried and weighed. We
have these data for most large-river species (exclusive
of endangered or extremely uncommon species).

2 5

« 0
0 5 1 0 1 5 2 0 2 5 3 0 3 5

Cumulative Sites

0 1 0 0 2 0 0 3 0 0 4 0 0 5 0 0 6 0 0 7 0 0
Cumulat ive Time

0 5 0 0 1 0 0 0 1 5 0 0 2 0 0 0 2 5 0 0
Cumulative Individuals

Figure 2. The relationship between (a) cumulative species
versus cumulative sites sampled, (b) cumulative species
versus cumulative time worked by a single diver, and (c)
cumulative species versus cumulative individuals collected.
Data collected in Pool 7 at Mississippi River Mile 708 on
the west side in 1987 (Miller 1987) and east side of the
river in 1988 (Miller, unpublished information).
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Data on the relationships between shell length
and to ta l mass can be used to ca lcu la te b iomass i f

only shell length is available. The relationship
between t issue mass and she l l mass can be used as
an index of stress (Payne and Miller 1987). The ratio
of tissue mass to shell length is a measure of the
o v e r a l l m e t a b o l i c c o n d i t i o n o f t h e a n i m a l . B i v a l v e s
use energy reserves during winter. This utilization is
reflected in ratios of shell length or mass to tissue
dry mass. Relationships between shell length and
shell mass can also be used as a measure of shell
erosion, which could be caused by abrasion from
c o m m e r c i a l v e s s e l s o r t h e e r o s i v e a c t i o n o f w a t e r.

I n t he m idd le Oh io R i ve r we mon i t o r cond i t i ons a t
a bed located immediately downriver of a coal unload
ing facility located immediately upriver of RM 444.2.
We collect mussels at RM 444.2,444.4, and 444.6. The

study was designed to evaluate conditions at selected
distances downriver (and therefore affected to a lesser
extent by commercial traffic). There were no substan
tial differences in condition indices for Qiiadrula
pustulosa pustulosa collected in the Ohio River at the
three locations downriver of the coal unloading facility
(Miller and Payne 1992c) (Figure 3).
Rate of Growth
Rate of growth can be assessed by repeatedly
collecting and measuring total shell length of
previously marked individuals. Alternatively, a
demographically complete population can be
c o l l e c t e d a n d t o t a l d i s t a n c e b e t w e e n s h e l l a n n u l i
measured for all preceding years. Another method
of measuring growth is to identify a prominent
cohort in a length-frequency histogram. Collections
at later dates can be used to directly monitor cohort
growth (Payne and Miller 1989).

Growth rate varies with latitude; organisms
from northern climates grow more slowly because of
reduced temperatures and a shorter season. Rate of
growth can be used as an index to compare sites.

Density
In six rivers, mean density (based on 5 to 30 quadrat
samples obtained at 37 sites) ranged from 1.2 to 333.2
individuals/m^ (Table 2). Approximately half of the
sites had density values between 50 and 100 indi-
viduals/m^ At four sites, density was greater than
100 individuals/m^. Mean values listed in Table 2
can be used to estimate the total number of samples
required to estimate a mean that is within 10% of the
true mean with a 0.95 confidence level (Green 1979).
Twenty-two of the 37 estimates listed in Table 2
would require less than 100 samples to provide this
estimate. Fifteen would require more than 100
samples; one would require more than 1,000. This is
one reason we obtain many replicates from few sites.

Quadrula pustulosa
Ohio River, 1991

2 0 3 0 4 0 5 0 6 0 7 0
Shell Length, mm

2 0 3 0 4 0 5 0 6 0 7 0
Shell Length, mm

2 0 3 0 4 0 5 0 6 0 7 0
Shell Length, mm

Figure 3. Relationships between shell length and (a) total
mass, (b) tissue dry mass, and (c) shell mass for Quadrula
pustulosa pustulosa at three sites in the middle Ohio River
near Cincinnati, Ohio, 1991 (Miller and Payne 1991b).
Mussels collected at river mile (RM) 444.2 were closest to
the coal unloader, and those collected at RM 444.6 were
farthest from the unloader.
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Table 2. Number of quadrats (0.25 m )̂ sampled, mean
density (individuals/m^), standard deviation, and
variance to mean ratio for freshwater mussels collected in
the upper Mississippi River (UMR), Big Black River,
Mississippi (BBR), middle Ohio River (MOR), Sunflower
River, Mississippi (SR), and Green River, Kentucky (GR).*

Varianoe Required
to mean no. ofN o . o f M e a n

R i v e r M i l e Ye a r q u a d r a t s d e n s i t y S D r a t i o s a m p l e s * *

U M R 5 0 4 . 8 1 9 8 9 1 0

B B R — 1 9 8 5 9

U M R E C * * * 6 3 5 1 9 8 8 1 0
S R 3 5 . 2 1 9 8 7 1 5

B B R — 1 9 8 5 9

U M R 5 0 4 . 8 1 9 8 9 1 0

U M R 5 0 4 . 8 1 9 8 9 1 0

M O R 4 4 4 . 6 1 9 8 9 1 0

7 5 . 6 1 3 . 0 2 . 2

1 4 1 . 3 2 4 . 7 4 . 3

9 2 . 4 1 8 . 3 3 . 6

9 3 . 8 1 9 . 4 4 . 0

9 8 . 2 2 1 . 8 4 . 8

7 8 . 4 1 8 . 7 4 . 5

7 4 . 8 1 9 . 2 4 . 9

5 2 . 4 1 3 . 9 3 . 7
U M R 6 3 5 . 2 1 9 8 9 2 0 1 1 0 . 2 2 9 . 7 8 . 0
U M R 5 0 4 . 8 1 9 8 9 1 0 6 6 . 0 2 1 . 5 7 . 0
U M R 5 0 4 . 8 1 9 8 9 5 5 7 . 6 1 9 . 7 6 . 7U M R 5 0 4 . 8 1 9 8 9 5

U M R 6 3 5 . 2 1 9 8 9 2 0

U M R E C 6 3 5 1 9 8 9 1 0
M O R 4 4 4 . 6 1 9 8 9 1 0

U M R 5 0 4 . 8 1 9 8 9 1 0

S R 3 5 . 2 1 9 8 7 1 5

B B R — 1 9 8 5 9

B B R — 1 9 8 5 9

U M R 5 0 4 . 6 1 9 8 9 5

U M R 6 3 5 . 2 1 9 8 9 1 0

U M R 2 9 9 . 4 1 9 8 9 3 0

U M R E C 6 3 5 1 9 8 9 1 0

M O R 4 4 4 . 4 1 9 8 9 1 0

G R 1 0 8 . 5 1 9 9 2 5 0

U M R E C 6 3 5 1 9 8 8 1 0

5 7 . 6 1 9 . 7 6 . 7 4 7
6 4 . 6 2 2 . 1 7 . 6 4 7

3 2 . 0 1 1 . 2 3 . 9 4 9

4 6 . 4 1 7 . 1 6 . 3 5 4

5 4 . 8 2 0 . 7 7 . 8 5 7

7 3 . 3 2 8 . 3 1 0 . 9 5 9

7 8 . 2 3 2 . 9 1 3 . 8 7 0
9 2 . 9 4 1 . 6 1 8 . 6 8 0

4 9 . 6 2 2 . 4 1 0 . 1 8 2
5 8 . 0 2 8 . 0 1 3 . 5 9 3

1 1 5 . 6 5 6 . 4 2 7 . 5 9 5

8 3 . 5 4 0 . 6 1 9 . 7 9 5

3 0 . 0 1 5 . 2 7 . 7 1 0 3

1 6 . 0 8 . 9 5 . 0 1 2 4

3 2 . 4 1 8 . 9 1 1 . 0 1 3 6

U M R 4 5 0 . 4 1 9 8 8 1 0 3 3 3 . 2 2 1 6 . 0 1 4 0 . 0 1 6 8
U M R E C 6 3 5 1 9 8 9 1 0

U M R 5 0 5 . 2 1 9 8 9 5
M O R 4 4 4 . 4 1 9 8 9 1 0

M O R 4 4 4 . 2 1 9 9 0 1 0

G R 1 0 8 . 5 1 9 9 2 2 0

U M R 6 3 5 1 9 8 8 1 0

U M R 5 0 4 . 8 1 9 8 9 1 0

U M R 2 9 9 . 4 1 9 8 9 3 0
G R 1 4 9 . 0 1 9 9 2 1 0

M O R 4 4 4 . 2 1 9 9 0 1 0

G R 1 4 9 . 0 1 9 9 2 1 0

6 5 . 2 4 3 . 9 2 9 . 6 1 8 1

6 2 . 4 4 3 . 1 2 9 . 8 1 9 1

3 9 . 6 2 8 . 1 1 9 . 9 2 0 1

3 5 . 2 2 5 . 8 1 8 . 9 2 1 5

7 . 0 5 . 2 3 . 9 2 1 9

2 1 . 2 1 9 . 7 1 8 . 3 3 4 5

1 8 . 0 1 6 . 9 1 5 . 9 3 5 2

3 6 . 9 3 7 . 2 3 7 . 5 4 0 6

3 . 6 4 . 8 6 . 4 7 0 2

4 . 4 6 . 8 1 0 . 5 9 5 5

1 . 2 1 . 9 3 . 0 1 0 2 4

♦ Based on Miller et al. (1990; 1991a, b; 1992a-c) and
unpublished information. (Note: samples taken from
the same river and river mile are replicates.)

** The number of samples required to estimate within ± 10%
of the mean with a 0.95 confidence limit (a 1 in 20
chance of being wrong on the estimate) (Green 1979).

***UMREC—Upper Mississippi River East Channel,
located near Prairie du Chien, Wisconsin. All other UMR
sites at RM 635 are located in the main channel of the
r i v e r .

Demography and Evidence of Recruitment
Ail mussels with shells less than 30 mm long are
evidence of recent recruitment (having been
spawned in the past 2 to 3 years). This size class
includes adults of comparatively short-lived species
such as Truncilla truncata and Truncilla donaciformis.
Evidence of recent recruitment for samples collected
at 16 sites ranged from 0.0 to 63.4% (Table 3). In the
Upper Mississippi River near Prairie du Chien,
Wisconsin, recruitment is usually constant and
moderate each year (Miller et al. 1990, Miller and
Payne 1991c). At a site in the lower Ohio River
studied in 1983, Payne and Miller (1989) reported
that 71% of the Fusconaia ebena population consisted
of individuals with a mean shell length of 15.8 mm
(range = 12.8 to 19.5 mm).
Relative Species Abundance and Frequency of Occurrence
Freshwater mussel communit ies in medium-sized to

large rivers are usually dominated by two or three
species, which together constitute more than 75% of
the community. The dominance, both in terms of
abundance and biomass, of a few species in the
Sunflower River, Mississippi, is illustrated in Figure 4.
The patterns for abundance and biomass were
similar, and both were different from the pattern for
percent frequency of occurrence. Species rank versus

Table 3. Evidence of recent recruitment (percentage of
individuals less than 30 mm total shell length) for fresh
water mussels obtained in quantitative samples in the
upper Mississippi River (UMR), middle Ohio River
(MOR), Green River, Kentucky (GR), Big Black River
(BBR), and Sunflower River (SR), Mississippi.*

To t a l Percentage
R i v e r M i l e Ye a r i n d i v i d u a l s < 3 0 m m
U M R 2 9 9 . 4 1 9 8 9 8 5 0 6 3 . 4
U M R 2 9 9 . 4 1 9 8 9 270 52.6
U M R 5 0 5 . 2 1 9 8 9 6 2 4 0 . 3
U M R 5 0 4 . 6 1 9 8 9 7 8 3 3 . 3
U M R 6 3 4 . 7 1 9 8 9 323 17.0
U M R 6 3 4 . 7 1989 5 5 1 16 .1
M O R 4 4 4 . 6 1 9 8 9 2 7 5 1 2 . 0
M O R 4 4 4 . 4 1 9 8 9 3 4 4 1 0 . 8
G R 1 4 8 . 5 1 9 9 2 7 9 8.9
G R 1 0 8 . 0 1 9 9 2 2 9 8 7 . 6
B B R 1 9 8 5 2 2 1 1 . 8
B B R 1 9 8 5 1 7 6 1 . 7
B B R — 1 9 8 5 2 0 9 0 . 5
S R 3 5 . 2 1 9 8 7 2 7 2 0 . 4
S R 3 5 . 2 1 9 8 7 3 5 0 0 . 3
B B R — 1 9 8 5 3 1 8 0 . 0

' Based on Miller et al. (1990,1992) and unpublished
information. (Note: samples taken from the same river
and river mile are replicates).
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percent frequency of occurrence, percent abundance,
and percent biomass for these 14 species are illus
trated in Figure 5.

êcies Richness, Species Diversity, and Other
Community Parameters
Computation of species diversity usually depends
on the number of species collected (richness) and the

relative abundance of species within the community
(evenness). Species diversity (H') ranged from 1.24
to 2.44 at multiple sites sampled in the Upper
Mississippi River using quantitative methods in
1988 (Table 4). In these samples evenness was
closely related to diversity. Diversity and species
richness were not closely related. Species diversity
on the east side of the Upper Mississippi River at

p. dombeyanus

Sunflower River, 1987

O c c u r r a n e a I I A b u n d a n c a I H B l o r o a a a

O e c u r r a n c a I I A b u n d a n c a §■ B i o m a a a

Figure 5. Species rank versus percent frequency of
occurrence, percent abundance, and percent biomass for
14 species collected at a gravel shoal in the Sunflower
River, 1987 (based on information in Miller et al. 1992).

Figure 4. Percent frequency of occurrence, percent
abundance, and percent biomass for 14 species collected at
a gravel shoal in the Sunflower River, 1987 (based on
information in Miller et al. 1992).

O c c u r r a n c a I I A b u n d a n c a H i B i o m a a a

Table 4. Values for species diversity and evenness at
selected sites in the upper Mississippi River, 1988.*

To t a l Species To t a l
R M L o c a t i o n * * species diversity e v e n n e s s i n d i v i d u a l s

2 9 9 . 6 N / A 1 2 1 . 9 5 0 . 7 8 7 8
3 8 9 . 5 N S 1 9 1 . 4 7 0.49 435
3 8 9 . 5 O S 1 0 2 . 0 7 0.83 5 9

409.5 N / A 8 1 . 9 9 0 . 9 6 13
4 3 3 . 3 N S 1 9 1 . 9 4 0.65 3 4 8

4 3 3 . 3 O S 1 3 2 . 1 6 0 . 8 7 8 8
4 5 0 . 4 N S 2 1 2 . 1 7 0 . 7 1 8 3 3

4 5 0 . 4 O S 2 0 2 . 1 9 0.73 3 4 3

5 0 4 . 7 N S 1 7 2.32 0.82 1 1 0

505.7 OS 1 6 2 . 4 4 0 . 8 8 143
6 3 5 . 0 B T Z 1 4 1.80 0.68 5 3

6 3 5 . 0 B T Z 1 1 1 . 2 4 0 . 5 2 8 1

635.0 B T Z 1 4 1 . 2 5 0 . 4 7 115
6 3 5 . 0 R S 1 6 2 . 2 5 0.81 186
6 3 5 . 0 R S 1 8 1 . 8 0 0 . 6 1 1 7 9

635.0 R S 2 1 1 . 9 0 0 . 6 2 2 3 1

* Based on Miller et al. 1990.
** NS = nearshore, OS = offshore, BTZ = barge turning

zone, RS = reference site.

100^ I ■

1 0 ^ •
▲
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mile 708 (discussed above) was 1.56. On the west
side of the river, which demonstrated a greater
richness, species diversity was 1.91.

Concluding Comments
The design of our studies has been influenced by the
difficulty of collecting in large rivers. As a result of
nearly 10 years of sampling, we have developed
procedures that are safe and efficient. Our surveys
provide information on population and community
dynamics that can be used to assess the effects of
water resource developments (Miller and Payne
1991c). If large-river bivalve communities are to be
protected, they first must be understood. Qualitative
shell collections in shallow water or along river
banks, or use of exploratory devices such as the
brail, do not provide the type of data needed to
understand large-river bivalve communities (Miller
and Payne 1988).

Mussels can be collected semiquantitatively by
having a diver retrieve all mussels within a large
(1 m^ or 25 ft^) quadrat. This method would not be
feasible in the Ohio River where C.fluminea densities
range from 100 to 500/0.25 m^ A quadrat that
encompasses 0.25 m^ can be excavated to a depth of
10 cm within 5 to 10 min by an experienced diver.
All material from the quadrat fits into a single 20-
liter bucket. Although the full bucket is heavy (35 to
45 kg), it is not absolutely necessary to use a winch
to bring it onboard the support boat.

Our qualitative samples provide data that can be
used to construct species area curves, as well as to
calculate frequency of occurrence, relative species
abundance, and community parameters such as
diversity and dominance. The number of individual
mussels collected per qualitative sample (usually 20)
corresponds to the number obtained in quantitative
samples when density is approximately 80/m .̂

We replicate sites and subsites to avoid
pseudoreplication (Hurlbert 1984). This requires us
to collect and process large numbers of samples
from relatively small areas. Often we collect 40 or 60
quantitative samples from two sites no more than 100
m apart. This experimental design does not enable us
to effectively construct maps of mussel beds.

If information to prepare maps is required,
divers have to collect limited amounts of informa
tion at many evenly spaced sites throughout a bed.
A meaningful map could require information at
several depths every 0.5 or 1.0 km. Limited numbers
of quadrats (3 to 5) could be collected, or short
periods of time (10-20 min) could be spent collecting
at multiple locations using qualitative methods.
Considering that boats have to be anchored and
equipment has to be put on and taken off, the time

required for this type of study could be excessive. In
addition, the value of the data for h)q)othesis testing
could be limited (see Table 2). Brice and Lewis (1979)
and Kemey (1967) discuss techniques for mapping
mussel beds.

Divers can be used to collect mussels along
transects. Transects can be marked with a weighted
line that measures 10 to 50 m. This process usually
requires two boats (and skilled boat operators) to
place a weighted line in a predefined area. After
lines are on the bottom, one or more divers move
along the transect, collecting all mussels encoun
tered by touch. The divers can estimate a distance of
0.5 m on each side of the line; results are
semiquantitative. If transects are placed parallel to
shore, mussel populations and communities will be
similar along the transect. If the line is perpendicular
to shore, conditions will probably change with
respect to depth. Transects are difficult and time-
consuming to replicate. Information collected by
sampling along transects, like the mapping studies
discussed above, are not useful for hypothesis
testing. Data collected along transects are amenable
to plotting and can be used to illustrate conditions
along a gradient of depths or substratum type.

Many authors (Stansbery 1971, Sickel 1985,
Taylor 1989) have provided evidence that mussel
species richness in large rivers has declined during
this century. Large-river mussel assemblages have
ecological, aesthetic, and commercial value. Docu
mentation of physical condition, density, population
structure, species diversity, and relative species
abundance provides a basis for understanding and
protecting this important resource.
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Global Positioning System—A New Tool for the Field

M . B r e n t M c C l a n e
Ecological Specialists, Inc., St. Peters, Missouri

Abstract. Whatdo the U.S. Department of Defense and field personnel have in common? They are
both continually trying to figure out where they are, where they are going, or how they can get to
where they or someone else is or has been. Fortunately for field crews, the Department of Defense
had $10 billion and the technology to develop the Global Positioning System (GPS), which utilizes
high-altitude orbiting satellites to pinpoint locations anywhere in the world with accuracy
approaching a centimeter. Although developed for military purposes, this system is also valuable
to field biologists. The Louisville District of the U.S. Army Corps of Engineers funded a study in
1991 and 1992 to map lower Ohio River unionid beds using GPS equipment in an effort to minimize
impacts on unionid beds during routine channel maintenance. Trimble Navigation's Pathfinder
Basic™ was used to record brail transect end points and to monitor distance traveled during field
operations, providing instant information relating to both transect length and distance between
transects. Data, including coordinates of brailing transects, species composition, and species
richness, were easily transferred to tabular format. Unionid bed perimeters, pinpointed during
dive surveys, were recorded using the GPS unit and transcribed onto reproducible base maps.
Although GPS equipment has some limitations, it provides field personnel with a new level of ease
and accuracy for recording and therefore reproducing data collection localities.

Collecting Locality Data
Three attributes essential in collecting field data are
collection date, collectors' names, and collection
locality. The first two attributes, date and collectors'
names, are fairly straightforward and easily obtain
able. However, the third attribute, collection locality,
can be quite subjective and is often left open for
various interpretations. When recording locality
data, the relationship between time allotted, budget
constraints, and accuracy requirements must be
considered while determining what approach is best
for meeting project objectives. At a minimum,
locality data must be reproducible; otherwise, data
collected may be useless.

A variety of relative positioning gears are used
today for collecting locality data. Maps and charts
are relatively easy to use and reasonably priced, but
accuracy obtained while using maps alone can be
variable. Accuracy largely depends upon the scale
and detail of the map and also on the availability of
landmarks or reference points within the work area.
In most terrestrial situations, accuracy can be
determined within 100 yards or less, but when field
operations occur in the middle of a large body of
water or desert, it is difficult to determine positions
within one-tenth to one-quarter mile.

Mechanical measuring devices, including tape

measures, distance wheels, hip chains, and pedom
eters, are often sufficient for determining position
ing. These tools take relatively little time to collect
measurements, although a measuring tape usually
requires two people and measuring from point to
point can be quite labor intensive. The measure
ments obtained with these gears can be quite
accurate, depending upon how they are used. In
some situations, however, the use of these tools is
cumbersome or impractical. It would be nearly
impossible to extend a tape measure or hip chain
halfway across the Ohio River and keep it out of
traffic's way for any length of time.

Range finders and theodolites are among some
of the optical measuring devices commonly used for
collecting locality data. Range finders and theodo
lites can quickly provide position data, but numer
ous reference markers, such as towers, buoys or
stakes, must be set up for collecting bearing read
ings. This can take a lot of time and may take longer
than the project will allow. Compared to theodolites,
which can cost $3,000 to $30,000, range finders seem
relatively inexpensive. Most range finders cost less
than $200. Generally, range finders utilize split-
imaging of reference points for distance determina
tion. Readings with these devices are subject to
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human physical and perceptive differences, and
measurements taken by one person may greatly differ
from those taken by another person. Trying to get
consistent readings from a wave-tossed boat can
become quite frustrating. Nevertheless, with a little
planning and patience, theodolites cah offer accuracy
of 15 m or less, depending upon field conditions.

All of the measuring gears mentioned above
require the use of reference locations when deter
mining positioning data. The location of one point
must first be established before another one can be
determined. Unless benchmarks are used as refer
ences, most reference points are not recognized as
standards. Commonly used reference markers,
including flag tape, spray paint, and survey stakes,
do not usually remain visible for extended periods
of time, are unsightly, and can be easily vandalized
or confused with other marks. Ideally, locality data
need to be collected using universally accepted units
and without the need to continually find reference
locations. Some electronic positioning gears can
quickly and easily provide positioning data in this
m a n n e r .

One electronic positioning system, LORAN, uses
radio signals broadcast from land-based transmitters
to determine coordinates of unknown locations
through triangulation. LORAN provides positioning
information in universally accepted units of mea
sure, such as latitude and longitude, without the
need for field crews to establish reference points.
The use of coordinate systems, like latitude and
longitude, is extremely convenient because every
point on the earth's surface is assigned a unique
address. Thus, points cannot be confused with each
other and can be found again easily.

LORAN units are relatively quick and easy to
use, and they are fairly inexpensive to purchase (a
basic unit will cost $500 to $1,000). However, LO
RAN has two major drawbacks: accuracy and signal
availability. The system was designed for use on
large bodies of water and was not intended to be
extremely accurate. The best accuracy provided by
LORAN is approximately 300 m. For a 10,000-m^ oil
tanker cruising 500 miles off shore, plus or minus
300 m is most likely somewhere on the ship, or just
off the port or starboard side. By contrast, plotting
sampling locations onto maps with a possible 300-m
error may produce some ridiculous results. Addi
tionally, in locations far removed from radio trans
mitters, LORAN is of little help in determining
positioning information. In these situations, accu
racy may be further degraded, or signals may be
absent altogether. Obviously there is a need for
more precise, cost-efficient collection gear.

Global Positioning System

Fortunately, GPS (Global Positioning System) relative
positioning equipment is becoming increasmgly
available to field personnel. Developed by and for the
military, ttus system cost more than $10 billion to
implement and, in theory, is designed to be impervi
ous to jamming and interference. When the system is
fully completed, a constellation of 21 satellites will
transmit positioning information to receivers around
the globe, 24 hours a day. Presently, 19 satellites
transmit signals to receiving units that utilize triangu
lation to determine coordinates of unknown positions.
Like LORAN, GPS provides unique addressing of
locality points; however, GPS has the advantage of
being able to be used anywhere in the world and
frequently obtains accuracy of 15 m or less.

GPS units are very quick to use. Once a receiv
ing unit has been turned on and allowed a few
minutes to "acquire satellites," only seconds are
required for taking readings. Presently, there are a
few windows of time that satellites are not readily
accessible, but this window is decreasing with the
deployment of more satellites.

As previously mentioned, a basic GPS receiver
can provide positioning data with 15-m accuracy on
a fairly regular basis. If more accurate measurements
are desired, data can be post-processed with differ
ential correction software to obtain an accuracy of 1
to 5 m. Because post-processing increases accuracy
after field operations are completed, this procedure
does not provide real-time corrections for use
during field work. If greater accuracy is needed for
field work, a base unit placed at a known point can
send signals to a roving unit and the roving unit can
display differentially corrected coordinates in real
time with accuracy of 1 to 5 m.

The price for a basic GPS unit is about $3,500 to
$4,000. Units that can display real-time corrected
data in the field cost approximately $7,000. Al
though the initial cost of these units may seem high,
the time saved and the accuracy provided make
these units cost-effective field tools.

A basic GPS receiving unit, such as
TrimbleNavigation's Pathfinder Basic"*^, provides
various data. Positioning information can be dis
played in Universal Transverse Mercator grid,
latitude and longitude, or state plane coordinates.
The date and time are automatically displayed at the
same time, and altitude readings can also be dis
played. The unit can provide bearing information
for navigational purposes and calculations of
distance between points of interest, and way points
can be logged and stored for further use. Addition
ally, the status of satellite transmissions can be
monitored, and customized variable parameters can
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be set up. User defined attributes such as habitat
type and substrate characteristics can be stored with
position data by using a keypad or a more conve
nient bar code reading device. Once field operations
are completed, information stored in the units can be
downloaded to a personal computer and manipu
lated with provided software or transferred to more
than 140 geographic information system formats.

The Louisville District of the U.S. Army Corps of
Engineers recognized the potential of GPS and
determined that it could be an. integral tool for
mapping the resources within the district. One
application was to use GPS while surveying unionid
resources within Ohio River Pool 52.

Unionid Survey of Ohio River Pool 52
Using GPS
I n t r o d u c t i o n

The goals of this project were to physically inven
tory the study area to determine whether unionids
were present and to delineate the areal extent of
located unionids. This study was limited to Ohio
River Pool 52, which is bounded upstream by
Smithland Locks and Dam (Ohio River Mile [ORM]
918.5) and downstream by Lock and Dam No. 52
(ORM 938.9). Effort was concentrated in areas where
channel maintenance was scheduled, as indicated by
marked navigation charts provided by the U.S.
Army Corps of Engineers. The information collected
during this project was to be used by the Corps to
avoid damaging imionid beds during routine
c h a n n e l m a i n t e n a n c e .

Me thods and Ma te r i a l s

The objectives of this project were met by first
brailing areas that appeared to contain habitat
suitable for imionids and that were projected to be
affected by future channel maintenance activities. In
areas with unionid beds, a dive survey was con
ducted to ascertain the perimeter of the beds. GPS
relative positioning equipment Trimble Pathfinder
Basic™) was used to ascertain coordinates (latitude/
longitude) of brail transects and imionid bed perim
eters. Once field operations were completed, data
were compiled into tabular format, and the coordi
nates collected in the field were transcribed onto
reproducible mylar base maps.

A brail survey of Pool 52 was conducted from 21
October through 29 October 1991, using a 10-ft brail.
Brail transects approximately 100 m long were per
formed by pulling the brail downstream, parallel to
shore. Transects were usually first performed near
shore, and subsequent transects progressed channel-
ward. Once the first transect was completed, another
transect was performed approximately 50 to 100 m

channel-ward until the area had been sufficiently
covered. The same procedures were repeated up
stream and/or downstream imtil the length of ̂ e area
in question was fully explored. Brail transects were
assigned reference designations, and their endpoints
were recorded using a range finder during the first
two days of sampling and using Trimble Pathfinder
Basic™ during the remaining sampling period.

Once the general locations of unionid beds
within Pool 52 were determined, a dive survey of
each bed was performed. Dive surveys were con
ducted from 28 October through 31 October 1991, to
verify unionid densities and to pinpoint unionid bed
perimeters. Hard-hat diving allowed divers an
unlimited air supply and diver-to-surface communi
cation via a two-way intercom system through the
diver's umbilical. A 1 m x 2 m square frame (divided
in half to create two 1 m by 1 m squares) constructed
from PVC pipe was used as a measuring tool. Dive
transects were usually performed by deploying a
diver at the shoreline and gradually pulling the
diver along the river bottom perpendicular to the
shoreline. Once a diver had located unionid densi
ties greater than 1 animal per square meter, the
diver would immediately communicate this to the
surface via the intercom. The support boat would
then be positioned directly over the diver, and
coordinate readings of that position were recorded
using the GPS unit. The channel-ward limit of the
unionid bed would then be determined in a similar
manner. Once the channel-ward limit was deter
mined, divers were instructed to continue the
survey in the channel-ward direction to make sure
that a false reading was not obtained. Dive transects
were performed at intervals of approximately 100 to
700 m apart and were terminated once the unionid
population was consistently less than or equal to 1
animal per square meter.

Mapping
Latitude and longitude of the brail transect and the
unionid bed perimeter points were plotted on
reproducible mylar base maps (1 inch = 300 ft)
provided by the Corps. Brail transect endpoints
were plotted on the maps and connected by a
dashed line. Unionid bed perimeter coordinates
were also plotted on the maps, and the appropriate
points were connected to provide an outline of
unionid beds inventoried. Each brail transect and
unionid bed perimeter coordinate was labeled with
its assigned designation to facilitate cross-referenc
ing with tabulated data. Data presented in tabular
format included brail transect reference designation,
beginning and ending transect coordinates, and
number of unionids collected, as well as species
composition by bed.
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Resu l t s

A total of 152 brail transects were completed during
the brail survey. During this phase of the project, 686
adult and 176 juvenile unionids of 23 species were
collected (Table 1). Two additional species were
observed being collected by commercial shell
collectors, and freshly dead valves of two more
species were collected from shores within the study
area. Consequently, at least 25 species, and possibly
27, are known to occur within the study area.
Juvenile unionids were usually found hanging from
their byssal threads, which had become entangled in
the brail hooks during brailing. Four areas, three of
which were not previously documented, contained
sufficient numbers of unionids to warrant further

investigation by the dive survey. The dive survey
efficiently located the perimeters of the four unionid
beds and, in each case, determined that the beds
were larger than estimated through brailing alone.
Tabulated data were transcribed onto reproducible
base maps. Brail transect end points and unionid
bed perimeter coordinates ascertained during dive
surveys were plotted onto base maps. Perimeter
points were connected by a solid line to provide a
pictorial representation of probable unionid bed
boundaries. Reported findings and the completed
maps were submitted to the Corps.

Table 1. Unionid species collected within Ohio River Pool
52 in 1991.
Anodonta grandis Elliptio crassidens
Arcidens confragosus* Obliquaria reflexa
Lasmigona complanata Ellipsaria lineolata
Megalonaias nervosa Obovaria olivaria
Tritogonia verrucosa Truncilla truncata
Quadrula quadrula Truncilla donaciformis
Quadrula cylindrica** Leptodea fragilis
Quadru la metanevra Potami lus a latus
Quadru la nodu la ta Po tami lus oh iens i s
Quadrula pustulosa Potamilus capax**
Amb lema p l i ca ta L igumia rec ta
Fusconaia ebena Lampsi l is teres*
Fuscona ia flava Lamps i l i s card ium
Pleurobema cordatum
* Live specimens were being collected by commercial

shell collectors, but none were collected by field
biologists.** Only shells collected.

Summary
The use of brailing, diving, and GPS provided
accurate data that could be used by the Corps of
Engineers to avoid possible impacts to unionid beds
during routine channel maintenance of Ohio River
Pool 52. Although GPS is not the cure-all for collect
ing precise locality data, without this equipment,
this project may not have been completed within the
accuracy requirements or the budget and time
constraints established. The mapping results indi
cate that GPS equipment provides accurate data in a
cost-efficient manner that has previously not been
provided by other commonly used collection gears.
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Abstract Surveys for unionids are often conducted in areas where dredging or construction is
proposed. Surveys must be designed to effectively sample mussels and to determine whether
endangered species are present. Criteria are proposed for estimating the likehood that the
federally endangered species Lampsilis higginsi is present within surveyed areas. The criteria are
based on habitat and faunal associations of this species. Size of the survey area, water depth,
substrate type, bottom configuration, and current velocity affect selection of survey procedures.
Survey procedures are proposed for the variety of site conditions encountered in the Upper
Mississippi River System.

I n t r o d u c t i o n

Mussel surveys are often conducted to assess
potential impacts where construction or dredging
actions are proposed, in order to avoid or minimize
impacts to the mussel community. Preliminary
mussel surveys are inherently different from mussel
distribution surveys, stock assessments, or mussel
surveys for other research purposes. Preliminary
mussel surveys are conducted to provide informa
tion for early project plarming, rather than to test
specific hypotheses. Decisions concerning the choice
of alternative sites, methods for limiting the extent of
disturbance, and the need to transplant mussels to
undisturbed areas are based on information from this
type of survey. Preliminary surveys can also be used
as initial field surveys for more detailed investigations
for impact assessment or research purposes. The
purpose of this paper is to describe decision criteria for
estimating the likelihood that Lampsilis higginsi is
present and procedures for preliminary mussel
s u r v e y s .

Preliminary mussel surveys in the Upper Missis
sippi River System (UMRS) are performed to (1)
determine whether mussels are present, (2) estimate
their density and species composition, (3) determine
the spatial distribution of mussels in the survey area,
and (4) estimate the likelihood of occurrence of
endangered species, such as L higginsi. Criteria for
estimating the presence of L higginsi should be based
on habitat conditions and estimates of mussel density,
species richness, and species composition.

There are no standard procedures or decision
criteria for preliminary mussel surveys in the UMRS.
The U.S. Army Corps of Engineers, the U.S. Fish and
Wildlife Service, and the UMRS states all conduct
preliminary mussel surveys. In many cases, permit
applicants are required to perform their own pre
liminary mussel surveys. Lack of standard proce
dures and decision criteria is especially troublesome
for individuals without training in the environmen
tal sciences. Most preliminary surveys on the UMRS
are custom-designed, depending on site conditions,
equipment, and time available. Without standard
survey procedures and decision criteria for estimat
ing the presence of L. higginsi, the results of prelimi
nary mussel surveys can be subject to different
interpretations.

Application of the decision criteria proposed
below requires that mussel surveys be conducted to
obtain specific data with reasonable certainty.
Because preliminary surveys are usually constrained
by time and cost, survey procedures must be effi
cient and adapted to site conditions.

Historically, mussel surveys in the UMRS have
been performed using a variety of sampling meth
ods. Until recently, crowfoot brails were the gear of
choice in water deeper than could be sampled by
hand (snorkel diving, wading, "pollywogging")
(e.g.. Fuller 1978, Clymer and Eberly 1980). The
numerous biases of the brail make it useful mainly
as an exploratory device. Rakes and pitchforks have
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been used in shallow water for qualitative surveys
(e.g., Mathiak 1979). The Danglade dredge, a large
rake with a long handle (Starrett 1971), was used for
a number of surveys on the UMRS, but with limited
success due to depth restrictions and the difficulty of
deploying the gear.

Since 1981, scuba divers have been increasingly
used for mussel surveys in the UMRS, in both
qualitative searches and quantitative sampling using
quadrats (Miller and Payne 1988). Quadrat sampling
with complete substrate removal by divers can
provide statistically valid quantitative estimates of
density, population structure and species composi
tion. Surveys with divers are expensive, and can cost
$1,000 to $5,000 per day. In addition, quantitative
sampling with divers is comparatively slow. A
competent, four-person dive crew can be expected to
obtain at least 30 0.25-m quadrat samples in one day.
Divers cannot practicably survey large areas in deep,
turbid, and fast-flowing rivers for safety reasons,
and must remain within about 50 m of the diving
boat. Stratified-random quantitative mussel surveys
of larger areas by divers are possible, but expensive
and time-consuming.

A skimmer dredge (Miller et al. 1989) has been
used since 1988 for preliminary mussel surveys in
the upstream 10 pools of the UMRS. The skimmer
dredge has proved to be a time- and cost-effective
tool for large-scale mussel surveys, providing good
estimates of mussel density and species composi
tion. The skimmer dredge provides an alternative to
diving if funds are limited.

Proposed Decision Criteria for Estimating
the Likelihood of Occurrence of L. higginsi
A preliminary survey should provide evidence of
the presence of an endangered species, or an esti
mate of the likelihood of finding that organism in
the survey area. Complete certainty about the
presence of an endangered species would require
total removal of all substrate within the survey area,
an obviously impracticable and inappropriate
action. To conserve time and funds, as well as
protect the resource from unnecessary disturbance,
the extent of the survey should be guided by care
fully considered decision criteria. The decision
criteria proposed are intended as guidance for
making estimates of the presence of L. higginsi in a
survey area.

A determination of the likelihood of finding L.
higginsi in a survey area could be based solely on
exclusionary information. Exclusionary evidence
includes habitat attributes such as current velocity
or substrate conditions that could be unsuitable for
the species. Conversely, the habitat conditions could

appear suitable, but certain biotic attributes (mussel
density, species richness, and species diversity) may
be so low that it is unlikely that uncommon organ
isms such as L. higginsi will be found.

The estimate that it is reasonably certain that L.
higginsi does not occur in the survey area can be
reached using the exclusionary decision criteria and
supporting rationale described below. Similar
decision criteria could be developed for other
endangered species, based on their faunal and
habitat associations.

H a b i t a t C o n d i t i o n s

• S u b s t r a t e

If the substrate in the survey area is entirely firmly
packed clay, flocculent silt, organic material, bed
rock, concrete, or unstable, moving sand, L. higginsi
probably does not occur there. Lampsilis higginsi has
not been found to occur in these substrate types.
• Current velocity

If current velocity exceeds 1 m/s throughout the
survey area during periods of low discharge, L
higginsi probably does not occur there. Lampsilis
higginsi has not been found in locations with a fast
c u r r e n t .

B io t i c Cr i te r ia

Data from preliminary surveys should provide
quantitative information on the general condition of
the mussel community in the study area and the
likelihood of finding uncommon or endangered
species. This information about the mussel commu
nity and likely presence of L. higginsi provides a
basis for selecting alternatives. In addition to exclu
sionary criteria based on physical habitat character
istics, estimates of the likelihood of finding L.
higginsi in a survey area should be based upon the
following biotic criteria.
• Relative abundance of L. higginsi

In suitable habitat, such as in the East Channel at
Prairie du Chien, Wisconsin, L higginsi represents
approximately 0.5% of the total unionid assemblage by
numbers of individuals. If 2,000 individual mussels are
sampled, and no live or fresh dead L higginsi are
found, then this species probably does not occur
within the site. Collecting 2,000 individuals from
locations distributed throughout the survey area
without finding one L higginsi indicates a percent
composition less than 0.05%. A percent species compo
sition difference of 10-fold less than what has been
found in good habitat for this species indicates that the
site probably does not support L higginsi. If L higginsi
are present in very low numbers, they may not be able
to successfully reproduce.
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• Density

If mussel density throughout the survey area is
estimated to be less than 10/m^ then Lampsilis
higginsi probably does not occur there. Lampsilis
higginsi tends to be found in areas with higher
density, ranging from 10/m^ to over 150/m^. Also, if
rare species are estimated to occur at densities less
than 0.01 individual/m^ (corresponding to a regular
spatial distribution of individuals spaced 10 m
apart), then they are probably not part of a repro
ducing population,
• Species richness
If the total number of unionid species is 15 or less,
then L higginsi probably does not occur in the
survey area. Lampsilis higginsi is known to occur in
areas with high species richness, where the cumula
tive total of species vs. cumulative number of
individuals sampled rises rapidly to more than 15
species after sampling 250 individuals. If, after
collecting 500 individuals, less than 15 species are
found, it is reasonable to assume that L. higginsi will
n o t b e f o u n d .

Recommended Procedures for Conducting
Preliminary Mussel Surveys
A set of procedures for efficient and effective
preliminary mussel surveys is described below.

Compile Existing Information on Mussels in the Area
Prior to fieldwork, obtain the results of any previ
ously conducted mussel surveys in the area, as well
as any information available about habitat condi
tions, such as river geometry and substrate type.

S i te De l i nea t i on

Using plans of the proposed dredging or construc
tion, delineate the entire area of proposed distur
bance, plus an area the same width as the proposed
disturbance area, extending up to 500 m downriver
(depending on the nature of the proposed distur
bance). The boundaries of the site should be marked
with high-visibility buoys. The dimensions of the
site should be checked with an optical rangefinder
or an electronic distance measuring instrument. It is
important to ensure that the entire area proposed for
disturbance is surveyed.

Bathymetric Survey
If recent bathymetric maps are not available, a
limited bathymetric survey of the site should be
performed. If a recording fathometer is not avail
able, numerals from a digital display instrument can
be recorded manually and placed on a hand-drawn
field map. Distance to shore should be estimated

with an optical rangefinder or measured with an
electronic distance measuring instrument. Water
surface elevation should be estimated from daily
river discharge and the backwater curve in im
pounded river reaches, or the stage:discharge profile
for open river reaches. The goal is to characterize
river bed geometry and water depth to aid in data
collection and interpretation.

Current Velocity Measurements
Current velocity near the substrate-water interface
s h o u l d b e m e a s u r e d a n d r e c o r d e d . R e f e r t o t h e

previously conducted bathymetric survey to assist
with choice of sampling sites. A Price™ meter or an
electromagnetic current velocity meter can be used.
A field map record of the current velocity distribu
tion within the survey area should be prepared.

Substrate Survey
If a substrate map of the survey area is not available,
a limited substrate survey should be performed. The
investigator should attempt to collect samples that
reflect the range of substrate conditions within the
survey area. Collect samples in areas that differ with
respect to water depth, distance to shore, and
current velocity. A Ponar dredge works well in
deeper areas, and a simple scoop on the end of a
pole is effective in shallow areas. Visually inspect
and classify the sediment according to estimated
particle size gradation (percent by weight) into
categories: rock, gravel, coarse sand, medium sand,
sand/silt, silt/clay, and clay. Note the presence of
shell or organic material. Prepare a field map that
includes substrate type distribution. If the area is
entirely rock, silt/clay, or clay substrate, further
mussel survey work is not necessary (see first
decision criteria).

Skimmer Dredge
Where water depth exceeds 1 m, and where sub
strate conditions allow, use of a skimmer dredge
(Miller et al. 1989) is recommended. A skimmer
dredge can sample a much greater area in less time
for much less cost than can divers. Dredge tow paths
should be randomly located within the survey area.
If previously conducted habitat characterization
surveys revealed substantially different conditions
of depth, substrate, and current velocity, then the
different habitat patches should be sampled sepa
rately. The skimmer dredge should be towed no
more than 200 m at a time to avoid overfilling the
collecting bag. Tow the dredge in a downriver
direction, to make use of current in pulling the
dredge. Using measured runs and buoys, estimate
the length of each tow and area sampled. Make
repeated tows of the dredge until at least 100 m^ of
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bottom has been sampled within each habitat type.
Abandon the sample and start a new run if the
dredge becomes snagged. Record tow locations on a
field map.

Wading
If the site includes shallow areas less than 1 m deep,
and if substrate conditions allow, these parts of the
site should be searched by wading. A modified
garden rake (the hoop connecting the tine bar to the
handle should be enlarged) fitted with a mesh
collecting bag can be used without resorting to
snorkeling or "pollywogging." An attempt should
be made to randomly search shallow areas of the site
with different habitat conditions. Sample with the
rake until at least 100 m^ of the area is covered. The
total search area should be estimated and each
location recorded on a field map.

Scuba Diver Search

If a skimmer dredge cannot be used, a systematic
search covering a premeasured area can be per
formed by divers. A measured cable should be
placed parallel with the current using end anchors
and buoys for marking and retrieval. Divers can
search a 1.5-m-wide strip by collecting all mussels
detected by feel while following the cable. Collecting
bags can be attached to the cable at intervals for the
divers. The cable can be placed randomly in areas
with different habitat characteristics. At least 100 m^
of each area should be searched. Record search
locations on a field map.

Sample Processing
All live and fresh dead mussels collected should be
identified and enumerated. If time permits, measure
total length of individuals using calipers, so that
length-frequency distributions for the more common
species can be prepared. Estimate the average
mussel density in each skimmer dredge tow path,
rake, or diver search area. Maintain a running
average of estimated density by skimmer dredge
tow path, rake, or diver search area, and cumulative
totals of the number of individuals and species
sampled. Continue sampling until decision criteria
are met or rejected.

Reporting
A report of each preliminary mussel survey should
be prepared, describing the proposed dredging,
construction, or research activity, boundaries of the
survey area, physical habitat conditions, sampling
methods, results, and conclusions. Reports of mussel
surveys conducted on the UMRS should be distrib
uted to the U.S. Fish and Wildlife Service Region III

Endangered Species Office, the U.S. Fish and Wild
life Service Environmental Management Technical
Center, and the state natural resource management
agencies.

C o n c l u s i o n

Preliminary mussel surveys have to be conducted in
the UMRS as part of early project planning to
determine whether endangered species are present.
Currently, many organizations are conducting these
surveys, and there is little similarity among field
procedures. In addition, agencies conducting this
work do not have a standard set of decision-making
criteria to determine whether an endangered species
is present or whether valuable resources are likely to
be affected by proposed development. If mussels are
to be protected in the UMRS, planners and engineers
must base their decisions on results of standardized

surveys and a uniform set of decision criteria.
A standard set of decision criteria, and field

procedures for conducting these surveys, are
proposed for determining the presence of L. higginsi
in the UMRS. Adherence to these criteria by re
source agency personnel would reduce the time and
funds required for this work. In addition, data
obtained by different organizations would be
comparable if collected in a similar manner. It is
recommended that those conducting endangered
species surveys in the UMRS document their
findings and file them at a central location. This
would enable development of a standardized data
set on endangered species for resource managers
and researchers.
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Sampling Adequacy in Population Studies of Freshwater Mussels

Edward T. Cawley
Loras College, Dubuque, Iowa

Abstract. Sample sizes in 16 recent mussel surveys of the Upper Mississippi River were compared.
Diving (either scuba or surface-supplied) was the primary sampling technique. The quadrat size
was usually 0.25 m^ and some type of handpicking or whole-bottom sample removal was used.
The sample size, when statistically determined, seemed to be based on total density of all mussels
in the bed and assumed random distribution. The importance of aggregation and the density of
noncommercial species in the determination of sample size was evaluated. Based upon these
factors, it seems that there is a need to increase sample size in future studies. The need for whole-
bottom samples to obtain juvenile size classes is stressed.

I n t r o d u c t i o n

Before 1980, sampling of mussel populations on the
Upper Mississippi River, with the exception of Ellis'
1931 semiquantitative survey (van der Schalie and van
der Schalie 1950), consisted primarily of qualitative
collections by handpicking, shore line collections of
dead shells, and brailing (Fuller 1978, Perry 1978).
Although these techniques were adequate to describe
species assemblages and reflect relative abundances,
they could not reflect productivity, density, recruit
ment, or quantitative changes in the population as a
result of commercial or natural modifications of the
riverine environment. With an increased awareness of
the need to address these problems, brought on by the
demands of the National Environmental Policy Act
and the Endangered Species Act, sampling studies of
mussel populations in the river began to use linear
transects or defined area quadrats to supplement or
replace brailing and expressed results as density per
square meter.

Since 1980, papers dealing with the sampling of
mussels in large rivers have reflected growing
concern with the need for adequate quantitative
sampling of mussel populations (Nelson 1982,
Kovalak et al. 1986, Isom and Gooch 1986, Cawley
1989, Miller and Payne 1988). To investigate the
impact of these concerns, 16 surveys conducted on
the Upper Mississippi River since 1985 were re
viewed. The studies ranged from biologic assess
ments of potential impacts of construction projects
along the river (Berlocher and Wetzel 1987,1990; EA
Science and Technology 1986; Heath 1989; Helms
1989,1990; Sparks and Blodgett 1985; Stanley
Consultants 1987a, b, 1988), evaluation of commer
cial harvest effects (Heath et al. 1988), base line

studies of mussel refuges (Cawley 1989,1990; Koch
1990), and the long-range monitoring program
(Miller et al. 1990, Miller and Payne 1991). Although
some studies conducted since 1985 are not included,
an attempt was made to include studies from most of
the research organizations presently at work on the fre^-
water mussel populations of the Mississippi River.

R e s u l t s

The sampling techniques were divided into three
categories: sampling criteria, quadrat placement,
and sample removal (Table 1). Sampling criteria
could be separated into three types: qualitative,
defined area, and quantitative. All of the studies
reported relative values, but one-third of them
sampled in such a way (brailing or handpicking by
divers over an undefined area) that they could only
express their results in a qualitative form. Half of the
studies used some type of a frame to define a
sampling area, but if there was no estimate of
variance between the samples it was not considered
a quantitative sample since it was impossible to
evaluate possible error. Forty-four percent of the
studies used some measure of error in their estimate
of population density and were considered quantita
tive for this paper.

All the studies used some level of randomness
in quadrat placement. Thirty-one percent set out
quadrats "at random" to get the samples distributed
over a given area. One-quarter of the studies distrib
uted the samples in much the same way but took
subsamples at the selected locations so they could
calculate variability. The remainder used a struc-
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tured sampling plan to evaluate the spatial distribu
tion and density of mussel populations.

Some topics were covered in almost all of the
study reports, but some information was found in
only a few reports (Table 2). In general, all the
reports discussed the samples in such a way that
species variability within the study area could be
examined. In two studies (12%), absolute numbers of
mussels in sample frames were reported by the
divers, but then the samples were pooled on the

Table 1. Sampling techniques.
M e t h o d % o f s t u d i e s s u r v e y e d
Sampling criteria *

Q u a l i t a t i v e 3 7
D e fi n e d a r e a 5 6

Q u a n t i t a t i v e 4 4
Quadrat placement

R a n d o m 3 1

R a n d o m , s u b s a m p l e s 2 5
S t r u c t u r e d r a n d o m 4 4

Sample removal
U n d e r w a t e r h a n d p i c k i n g 6 2
Complete bottom sample, surface sort 38

* Some sampled using more than one technique.

Table 2. Report format.
T o p i c s i n c l u d e d 2 ^
Sample treatment

Pooled samples
Separate samples

Bio tic parameters
Species richness and abundance
Species diversity indices
Species density/area
S ize demography

% of studies surveyed

bottom so it was impossible to determine any
patterns in species composition.

With the exception of two studies concentrating on
the harvest of particular species, all the reports inclu
ded the biotic parameters of richness, relative abun
dance, and density. Size demography was discussed in
38% of the reports, and only 25% calculated any of tiie
most commonly used indices of diversity.

A variety of statistical measures were used
(Table 3). The most common approach was to report
the mean density per quadrat, but since the quadrat
samples were often intentionally taken in those parts
of a mussel bed with the greatest abundance, the
values are biased and can only be used as an esti
mate of maximum density in a particular part of the
bed. Mean density per square meter was reported in
50% of the studies, using variance to estimate
confidence limits. However, in all but two of the
reports normal distribution was assumed in the
calculations, so the estimate can only be used to
reflect the density in the areas within the quadrats.
In two of the studies, data were transformed to take
into consideration the aggregation found in the
mussel bed, and these studies reported the data for
total area. Range, and more commonly variance, was
used to evaluate variability within the populations.

Only 25% of the reports attempted to evaluate
the sampling adequacy of the study (Table 4). These
reports determined that sufficient samples were
taken to estimate the total population of all species.
These estimates assumed a normal (Poisson) distri
bution; however, the aggregation present in most
mussel populations results in a biased estimate
using parametric statistics. One group of studies
(12%) evaluated aggregation, transformed the data
to the negative binomial distribution, and reesti-
mated sampling adequacy.

Table 3. Statistical treatment.
M e a s u r e s i n c l u d e d * 2
Mean: number / quadrat
Mean: number / m^ - quadrat area
Mean: number / m^ - total area
Range: number / quadrat
Var iance - s tandard deviat ion

% of studies surveyed

* Some reported more than one statistical measure.

Table 4. Sampl ing evaluat ion.

% of studies

T o p i c s i n c l u d e d s u r v e y e d
P o p u l a t i o n n o r m a l o r a g g r e g a t e d 1 2
Sampling adequacy - normal distribution 25
Samp l i ng adequacy - neg . b i nom ia l d i s t r i bu t i on 12

D i s c u s s i o n

Sampling of a population can be used to characterize
an assemblage of mussels in a particular locality,
compare it with other geographic regions, examine
trends over time, or evaluate changes in populations
in response to environmental modification.

Qualitative studies can be used to assess broad
geographic changes, changes in species richness
over time, or major changes in the mussel fauna
resulting from large-scale environmental modifica
tions. In general, diving acquired greater numbers of
mussels than brailing and supplied more data for
the time expended. Multiple small plot samples laid
out, with subsamples, along transects were more
efficient than random searches by divers.

Quantitative studies of mussels can reflect the
biomass or productivity of an area along a stretch of
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river (a bed). They can be used to describe popula
tions of common species in this same area of the
river, including density and diversity indices as well
as species richness and abundance and size demo
graphics. If spatial and temporal comparisons are
planned, it is important that density is reported on
an absolute basis. In general, the more quantitative
the sampling methods, the more sensitive the study
will be in reflecting changes in populations in
response to envirorunental modification. There are
two restrictions to this general statement. First,
changes in rare species can seldom be monitored by
quantitative sampling due to the low probability of
their occurrence in sufficient numbers in the samples
(Kovalak et al. 1986). Second, the sensitivity of the
method will depend upon the adequacy of the sample.
A sample with an error of 30% can not be used to
determine a 10% change in a critical population.

Quantitative sampling not only requires that a
defined area quadrat be used but also assumes that
an adequate number of samples are taken (Eckblad
1991). Sample size can be estimated with the following
formula, assuming 95% confidence limits (Krebs 1989):

where n = sample size, r = desired relative error (as a
percentage), and CV = coefficient of variation = 1/Vmean.
We can use this same formula and solve for the relative
error using the sample size.

It has been widely recognized that mussel
aggregations or beds are not evenly distributed in
rivers. Mussels may be locally abundant, but broad
areas of the river may have few or no mussels. Even
within a bed, mussels can exhibit extreme aggrega
tion. Many studies in the past have only quantita
tively sampled these "high density" areas and then
reported bed density from these selected samples.
This obviously results in a bias toward high density.
If the studies are to be used to evaluate changes in
mussel populations, they must be converted to
number per total area of the bed, not to areas of the
quadrats sampled.

Even studies that have used a structured sam
pling plan and reported mean density from the
entire area may be biased if the population is
aggregated. An index of aggregation (variance/
mean) was calculated for all studies that reported
adequate data. Only 7% of the beds were not aggre
gated.

As a result of the aggregation, normal paramet
ric statistics should not be used in interpretation or
comparison of these populations. Krebs (1989)
suggested that many aggregated populations could

be fitted to a negative binomial distribution. If this is
true, the data can be transformed and comparisons
may be possible. Sample size can be estimated for a
negative binomial distribution with the following
formula, assuming 95% confidence limits (Krebs
1989; a Macintosh computer program to carry out
these calculations and fit data to the negative
binomial distribution is available from the author):

n,eog}Yia\\ X K J

where n = sample size for negative binomial variable, X
= estimated mean of counts, K = estimated negative
binomial exponent, and r = desired level of error (percent).

This transformation was carried out in two of
the studies. As a result of these transformations,
mean density of the beds decreased, and required
sampling intensity increased. This procedure may
result in as much as a 10-fold increase in sample
intensity, but using these transformations makes it
possible to report total density of the bed rather than
just the quadrat areas.

The low number of juvenile mussels found in
past studies has been attributed to sampling bias
from brailing or hand picking in low visibility
conditions. Six of the studies reviewed in this paper
use "total quadrat samples." Sampling in five of
them used transfer of the complete sample into a
container, a bucket or fine mesh bag, on the bottom
for sorting on the surface with 5-6 mm sieves
(Cawley 1989,1990; Heath 1989; Miller et.al. 1990;
Miller and Payne 1991); the remaining study used a
hydraulic siphon to remove the entire sample to the
surface, where it was passed through 2-mm sieves
(Koch 1990). With the exception of one bed, they all
found a similar low density of juveniles under 10
mm, = 0.05% of total mussels sampled. These
consistent numbers with sieve sizes from 6 mm to as
small as 2 mm seem to indicate that a 5-mm sieve is

adequate to sample juvenile mussels. The smallest
mussel reported in any of the studies was 6 mm, in a
sample sieved through a 5-mm bag. These low
juvenile densities do not fit any normal population
model and may reflect a serious decrease in all
mussel species. These results are from a five-year
span so they do not seem to reflect a "low year."
This trend needs to be closely monitored since in
long-lived species the abundance of adults may
mask recent reproductive failure, especially when
low densities were assumed to be due to sampling
art i fact .
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Summary
The knowledge gap in our understanding of the
population dynamics of naiad mussels, even after
almost 20 years of surveys on the Upper Mississippi
River, indicates that future studies should be
structured to address questions of density, diversity,
and size demographics rather than just taxonomy
and relative abundance. The use of common surro

gate species as indicators of impacts that are affect
ing rare species (which are difficult to sample) has
been recognized (Miller et al. 1990).

Based on this situation the sampling design of
all studies that seek to evaluate changes in mussel
density over time should include:

1. Total bottom samples, sieved through a 5-6 mm
m e s h .

2. A structured sampling plan that includes
subsampling to allow calculation of variance
w i t h i n a b e d .

3. Preliminary sampling to use in estimating a
sample size with sampling error at a level
appropriate to the experimental design.

4. A calculation of an index of aggregation follow
ing the sampling.

5. If aggregation is present, fit the data to a nega
t i v e b i n o m i a l d i s t r i b u t i o n . C a l c u l a t e K t o u s e i n

transforming the data.
6. Use the original or transformed values to

calculate sampling error. If the error is insuffi
cient to fit the experimental design, expand the
number of samples.

7. Report species richness and abundance, density,
diversity indices, and size demography.
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Freshwater Mussel Management in the Mississippi River and
Pearl Culture in Pacific Atolls: An Obligate Symbiosis?

Neil Anthony Sims
Black Pearls, Inc., Holualoa, Kona, Hawaii

Abstract. This presentation gives a synopsis of Pacific pearl culture developments and examines
their relationship with the American freshwater mussel industry. Black pearl culture represents
a lucrative development opportunity for many isolated Pacific atolls, where the only alternative
activities are copra drying or fishing. The typical pearl farm operation in these lagoons is
described. Some of the recent and impending developments in the industry are reviewed, and
their possible effects on the small-scale Pacific island pearl farmer are also examined. The status
of the American freshwater mussel industry could have some significant impacts on these farmers
and on the development of pearl culture across the Pacific. With the increasing involvement of
small-scale independent farmers in Pacific pearl culture, there might also be potential for direct
links with the United States. Rather than just being a passive host, the American mussel industry
could look more closely at the opportunities for mutual benefit.

Good evening, ladies and gentlemen. Before I launch
into my presentation this everung, I want to offer a few
words of thanks to the UMRCC for making it possible
for me to be here at this conference. Kurt VVelke and

Leroy Koch deserve a special word of thanks for all of
their efforts and assistance. Gentlemen, thank you very
much. It is a real pleasure to be here.

Thank you also, all of you, very much for your
warm hospitality and for sharing your knowledge and
wonder â ut freshwater mussels. Tonight I want to
reciprocate in some small way by sharing with you the
other side of the bivalve business—^pearl culture.

It has certainly been an educational couple of
days for me—and for any other molluscivorous
marine mammal. I have found this whole world of
freshwater bivalves to be fascinating. I have been
very impressed by the quality of the science that has
been demonstrated here. I am pleased to see the
progress that is being made toward conservation
and management of mussel resources.

However, I still remain a little awed by the
challenges that these fickle creatures present. Those
of us who believe in a Creator of the Universe must
really wonder about how clearly he was thinking
when he built these things. It must have been fairly
late in the afternoon of the sixth day, and he was
doing some fairly frantic, last-minute mix-and-
matches. Those of us who subscribe to Darwinian
theory have stared blankly off into the comer of the
room when the question has been raised of the
selective advantages of some of the more ornate

curlicues and embellishments in the life cycles and
biology of these magical mussels.

So, all of you, I admire your perseverance, your
diligence, and your scholarship. Looking out over the
Mississippi River this aftemoon, as the wind whipped
up a chilly spray, I couldn't help but admire the
fortitude and dedication of the scientists and the divers
that work in this industry—^who actually immerse
themselves in that water. And this is still October! My
mind boggles at the thought of what Febmary must be
like. I imagine a diver out there with mussel bag in one
hand and ice-pick in the other.

Each of us faces his or her own challenges,
however. Consider the arduous tasks and inclement
conditions faced by the average pearl farmer in the
South Pacific. Incessant sunshine, glaringly blue
aquamarine lagoons, tepid-bath water temperatures,
coconuts falling from swaying palm trees, the
distractions of the soft strumming of ukeleles and
swaying hula skirt—it's tough, I know. But they bear
their crosses bravely—and certainly wouldn't wish
it on anybody else.

There is more than a gentle jest in the romantic
ideal of the isolated atolls of the South Pacific. This
vision I conjure up is really just that—an ideal, a dream.

The atolls of the Pacific Ocean are isolated, often
hundreds of miles from their nearest neighbor.
Natural resources are scarce; there is little that a thin
strand of sand and coconuts can offer the outside
world. The communities on these atolls are being
gutted by rural-urban drift to the larger islands and
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overseas. Their sorts and daughters leave for New
Zealand, Australia, California, or anywhere else they
can earn a decent wage and live with hope for the future.

In the past these communities have struggled to
make a living out of smoking fish or drying copra.
Their sense of cultural place and pride has been
eroded by western contact, their populations deci
mated by disease; traditional cultural and religious
systems have been stomped out by colonial arro
gance and missionary zeal. These destructive
processes continue today with the paternalism of the
western model of socio-economic development, aid-
dependency syndromes, and the pervasive corrosion
of Coca-colonial ism.

In reality, the people in these communities
aspire to the same simple pleasures that we all do:
family, security, hope for the future, cold beer.
Without even begirming to crank up the North-
South political debate, it is enough for us all to
recognize that everyone wants to improve his or her
lot. Everyone wants to hand over to the next genera
tion something that's a little better, a little easier.
And everyone wants to be able to drink a cold beer
with his or her family gathered around to watch
football on TV. This is part of the quintessential
h u m a n c o n d i t i o n .

Now, finally, these atoll islands have hope—a
real development potential, something more than
being a testing site for hydrogen bombs or case
studies for anthropologists. These islands are the
center of the booming black pearl industry.

The French Polynesian black pearl example is
the one that almost every South Pacific island nation
would love to emulate. There, the direct value of the
black pearl industry is well over $50 million per
year. In Manihiki, in the Cook Islands, where I have
done most of my work, the fledgling industry of a
few years ago is now worth somewhere around $3
million. This may not seem like a lot of money, but
this is just one small atoll of a few hundred people.

I want to now just show a few slides to give you
an idea of the islands of the South Pacific, the black-
lip pearl oyster, Pinctada margaritifera, and the
methods used in this industry.

These are tiny islands, often from 1 to 10 miles
in diameter. They are sometimes hundreds of miles
apart. Each island consists of a string of small islets
laced around the central lagoon. Narrow passages
connect the lagoons to the ocean.

The islands' vegetation consists mainly of
coconuts, with a coconut canopy and an underbrush
of coconuts. The communities are small, clustered
villages, generally built around a passage or a
harbor and a church. Now, with a growing pearl
culture industry, airstrips have been recently built
on many atolls.

Small boats are the main mode of transport, and
fishing is the principal occupation. The fisherman,
Tekake Williams, was the first local Cook Islander to
begin pearl farming. The photographs I will show
later are of his farm.

The black-lip pearl oyster, P. margaritifera, is
cultured in the Cook Islands and French Polynesia
(with a few small farms in Fiji and Okinawa). It is
so-named because of the black tinge to the nacre and
the black non-nacreous border. P. margaritifera is
found naturally attached to rocks inside lagoons,
down to a depth of about 120 feet. In shallow water
they are rare because they are heavily fished. Most
of the oysters occur at a depth of about 90 to 120 feet.

These giant clams also occur in great numbers in
s h a l l o w w a t e r. T h e r e i s a l s o s o m e r e s e a r c h n o w

looking at the aquaculture potential of these
t r i d a c n i d c l a m s .

Historically, the oysters were fished for their
pearl shell. Some of the lagoons produced over 200
tons of shell a year, but stocks are now fairly de
pleted. The traditional pearl shell divers of Penrhyn
used floating logs with a basket underneath for the
oysters. A rope and lead weight is also used to aid
the d iver 's descent . Some o f the d ivers can reach a

depth of 120 feet. The oysters collected for pearl
shell are around 5 to 6 inches in diameter, and each
yields 14 lb to 1 lb of shell—about $1 to $2 per oyster.

Pearl culture provides much better returns; even
half-pearls, or mabes, can bring up to $20 per piece.
Farm prices for round black pearls may average
about $100 each. These half-pearl earrings and
necklaces are produced by local craftsmen to sell to
passing yachts or to export overseas. Up to seven
half-pearls can be implanted onto a single oyster
valve. Plastic beads are usually used for half-pearls,
but others are produced using the hemispherical
operculum of a reef snail as a nucleus.

Pearl culture requires the collection of good
healthy oysters—usually by spat collectors. These
are bundles of twigs, ropes, plastic or shadecloth,
tied onto long-lines buoyed below the surface. Black
materials work best, but no one really knows why.
The plastic mesh bags protect the spat from preda
tors such as fish, but they are often not used. They
are not always needed, and sometimes the spatfall is
better in unbagged collectors.

The oysters have protracted spawning periods,
usually with a couple of months of greater intensity
when spatfalls are heaviest. The development of the
pearl oyster larvae is relatively uncomplicated,
compared to some of the larval development stages
in the freshwater mussels we have seen here. After
26-30 days, a pediveliger, with a long foot, starts to
search fo r a su i tab le se t t lement s i te .

The spat stick directly onto the rope or plastic. In
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very heavy spatfalls, they will even attach onto the
buoys themselves. This buoy has become negatively
buoyant with the weight of the spat as they have
settled and grown. Spat-collected oysters are usually
removed when they are about 1-2 inches in shell
diameter; others are left on the shade-cloth collectors
for two years imtil they are 4 or 5 inches. These
oysters still show good growth, as evident by the
long growth processes on the border of the oyster.

V̂ en the oysters are about 2-3 inches in
diameter they are drilled, tied together in pairs, and
hung on downlines. The downlines are then hung
from a platform or from a long-line where they will
be allowed to grow imtil they are 4 to 5 inches in
diameter and are ready for seeding.

Farmers now prefer to hold their oysters on
long-lines, buoyed beneath the surface much like the
spat collectors, where they are spaced further apart,
and are clear of the bottom. Oysters on long-lines show
better growth. The risk of disease outbreaks on the
farm is therefore also reduced with long-line culture.

A platform in Manihiki lagoon, in the Cook
Islands, held around 40,000 oysters back in 1985,
when pearl farming was just beginning in Manihiki.
The farmer, the man with the fish at the start of
these slides, is now farming around 80,000 pearl
oysters and producing excellent quality black pearls.

I don't have any photographs of the actual pearl
implantation procedure because many technicians
are still very protective of their methods. Basically,
however, the oyster is pegged open, and an incision
is made near the foot of the oyster. The nucleus of
Mississippi mussel shell is placed into this pearl sac
alongside a piece of mantle tissue from a donor
oyster. If the mantle graft takes, and the oyster
doesn't reject the nucleus, then in 18 months to two
years a fine black pearl should result.

The methods used for pearl farming are not
complicated. Though you will often see reference to
it being "more art than science," it is basically just
growing another bivalve. Whenever people talk
about "art" in biology, I always suspect that it just
means they haven't looked long enough or carefully
enough at what is happening. This is certainly true
for pearl culture; there has been surprisingly little
money spent on pearl oyster research. In Australia,
pearl culture is the single-most valuable aquaculture
industry, yet there is not a single publicly funded
research program looking at pearl culture questions.

Although black pearl culture is presently mainly
confined to these eastern Polynesian atolls, some
recent advances in culture techniques have led to a
greater development push in the other island coun
tries. Palau, Micronesia, Marshall Islands, Papua New
Guinea, the Solomon Islands, Kiribati, Tuvalu, Tonga,
Fiji—all have potential for black pearl development.

Beyond the South Pacific region, my company
and others are looking at the feasibility of land-
based pearl culture in Hawaii. The black pearl
potential is also being pursued in Mexico, Central
America, Australia's Great Barrier Reef, India and
the Seychelles, Tanzania, and the Sudan.

Virtually anywhere the pearl oysters are found
has now become a potential pearl farm site. The
breakthrough that will allow this expansion has
been the refinement of hatchery culture techniques
for the pearl oyster spat. There are hatcheries for the
black-lip pearl oyster now operating in French
Polynesia and in Okinawa. My company in Hawaii
has also recently had successful settlement on a
small scale with the Hawaiian variety of the black
pearl oyster. These hatcheries now remove the main
limitation to expansion of pearl farming. Pearl oyster
spat will become increasingly available as the produc
tion increases and the hatchery technology spreads.

The same is also happening with South Seas
pearl culture, using the silver-lip or gold-lip pearl
oyster down in Australia and Southeast Asia.
Hatcheries are springing up everywhere, in Darwin,
Torres Strait, and the isolated islands of the Indone
sian archipelago. Where previously pearl farms
made do with quotas of 10,000 or 20,000 oysters each
year, the hatcheries can now produce 100,000 or
more, right there on site!

What will this mean for the future of the cul
tured pearl industry, and for the future of the
Mississippi mussel industry? No one knows. At best,
the pearl culture industry and its markets have been
a mysterious black box. We can only speculate as to
what will happen over the next 10 to 15 years.

Some pessimists fear a massive market slump,
as more and more pearls pour onto the market, but
then there are always such fears when you own a
golden goose, and you see someone else with a
goose as well. Others project that black pearls and
South Sea pearls will see a significant price drop-
let's say somewhere around 25%—but that this will
then make black pearls affordable to a far broader
market. Where many women have now had to settle
for freshwater or Akoya pearls, they could then be
able to wear a black pearl necklace, without having
to win the lottery or rob a bank.

There are some obvious limits to the rate of

growth of the industry. The principal one will be the
availability of skilled technicians to seed the oysters.
With the abimdance of pearl oyster hatcheries, it is
only a matter of time before increasing numbers of
South Pacific local islanders become sufficiently
skilled in the implantation operation. Already, some
self-taught Cook Islanders are reportedly achieving
a post-seeding retention rate of over 50%, which is
considered very good. The number of Tahitian
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technicians is also increasing with the establishment
of a technicians' school on Î ngiroa.

As well as the increase in production, hatchery
technology also allows for selective breeding of
pearl oysters—^building them bigger, brighter, and
faster growing. There have already been significant
advances made in selective breeding techniques
using the Japanese Akoya oyster. The potential for
the larger oysters, the black-lip and the silver-lip, is
immense. Hatchery-bred oysters may have better
d isease res i s tance o r be more ab le to w i ths tand the
stresses of pearl nucleus implantation. They may
deposit nacre faster, making more pearls, or making
them faster. More importantly, the preferred pearl
oyster shell shape might be selected for, to provide a
deep-valved oyster capable of producing pearls of
25 mm diameter, or even greater.

What does all this mean for the Mississippi
mussel industry, and for us sitting here tonight?
What new opportunities does this present, and what
responsibilities or pitfalls? Is it really, as I claim, an
obligate symbiosis? For the nonbiologists in the
audience, I probably should explain die term:
obligate symbiosis means that two species need each
other to be able to survive.

Certainly, South Pacific pearl culture needs
mussel nuclei. There is simply no suitable alterna
tive to the Mississippi mussel bead for pearl culture.
For this very reason, pearl farmers down there have
both an academic and a pecimiary interest in the
status of these mussel resources. There is a pervasive
fear among Pacific pearl folk that their industry's
reliance on this single source of supply leaves them
vulnerable. They are worried that their new-found
prosperity could founder. They recognize that their
long-term success somehow depends on our find
ings from the past few days.

But does the U.S. mussel industry also need South
Pacific pearl culture? Let's be honest—these atolls
could probably all sink beneath the Pacific and your
mussel market would still be buoyant. But it is an
opportunity for you. If the South Pacific's pearl culture
potential wilts on the vine, because of its reliance on a
failing Mississippi mussel industry, then, like all
missed opportunities, it will be a real tragedy.

Let's look again at possible scenarios for the
expansion of pearl culture across the Pacific. Not
only are mussel beads needed, but they will be
needed in ever-increasing quantities and larger
sizes. The beads must also remain relatively inex
pensive and freely available.

There is always talk of alternatives to the
mussels; people often suggest giant clam shells (such
as tridacnid clams), thermo-ceramics or other
artificial aggregates. They have already looked at
this question extensively, however, and nothing yet

has proved as good as your mussels. Anyway, if
suitable alternatives are developed they will first
appear in pearls of lower value—the Japanese, Chi
nese, eind Indian white pearls, around 7-8 mm and
smaller. The larger, more valuable black pearls and
South Sea pearls will still demand the very best beads.

The Pacific islands will still need your beads,
they will need them to be bigger, and they will need
them in increasing numbers.

If beads become more expensive, there will be
less incentive to train local seeding technicians. The
spread of technicians' skills will be severely re
stricted, and their services will become more and
more expensive. Farmers will not want to risk
valuable nuclei in the hands of an inexperienced
technician. Seeding skills will remain dominated by
the Japanese experts, and the development of the
industry across the Pacific could be constrained.

If mussel stocks dwindle, bead supplies will dry
up, and they will become harder to obtain. It is easy
to then see a situation in which the smaller local
farmers, or those hoping to develop a farm, will be
outbid by the established farms, or by those with the
backing of foreign capital. Expansion will be stifled.
The industry will remain a small clique, under the
control of a powerful few. Local farmers will give up
hope of establishing a local industry. They will
resign themselves to seeing their sons and daughters
leave the island and will go back to fishing or to
copra, or will themselves leave.

These, then, are the repercussions of the conser
vation issues in your industry. We all depend on
you and your resource. It is a wide and delicate web.

But... give the Pacific pearl culture industry a
good, reliable supply of medium to large beads at a
reasonable price and without any other marketing
strings attached. Sell them yourselves, if you want.
You have a ready-made demand, open opportunity
for direct marketing, with great potential for adding
value to your export product.

Give these few things to Pacific pearl culture,
and watch the industry take off. Then sit back and
watch the demand for your mussels boom with it.
This is mutualism—a symbiosis where we both can
benefit from exploiting an available niche. It is not
parasitic, not predatory. Everyone benefits. It's not
an obligation; it's simply a great opportunity.
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Illinois Mussel Sanctuaries on the Mississippi Riven Community Composition

Richard V. Anderson^, Todd R. PedersonV Amy Wolf Becker^ and Arnold W. Fritz^
'Western Illinois University, Department of Biological Sciences, Macomb
Îllinois Department of Conservation, Division of Fisheries, Carlyle

In response to increasing harvest pressure, a mussel die-off of unspecified origin, and a need for
baseline information seven mussel sanctuaries were established by the Illinois Department of
Conservation in the reach of the Mississippi River bordering Illinois. Baseline information
collected on these sanctuaries from 1990 to 1992 included species composition, density, and
population demographics. Samples were collected qualitatively usingsystematicbrailingsurveys
and quantitatively using divers. Mussel communities in the sanctuaries were quite different in
terms of both density and species composition in spite of similarities in habitats. Species diversity
in the sanctuaries, based on Shannon's diversity using base 10, ranged from approximately 0.5 to
1.5. With the exception of the ubiquitous threeridge, Amblema plicata, most of these sanctuaries
had one to three numerically dominantspecies, but thedominantspecieswereoften different from
site to site. For example, the butterfly, Ellipsaria lineolata, was dominant in the Pool 20 sanctuary
but was absent or occurred at only low densities at the other sites. Mean mussel density varied
from 10 to over 100/m^ Based on shell length frequency distribution patterns and evaluation of
annuli, none of the sanctuaries exhibited much recruitment, with few young individuals present
in any of the populations. These baseline surveys should provide background information
necessary to evaluate subsequent changes in the mussel communities or their environment.

Use of Regression Analysis to Characterize Mussel Communities

Richard V. Anderson, Michael A. Romano, and Todd R. Pederson
Western Illinois University, Department of Biological Sciences, Macomb

Several researchers have developed length-weightand/or annuli-length regression models when
examining mussel populations. These models have been used to evaluate growth rates and
reproductive activity in mussel populations. By comparing regression models developed inde
pendently for populations at a number of locations, we examined the possibility of using
regression analysis to characterize the health and reproductive activity of mussel communities. At
many sites, slopes and y-intercepts of length-weight regressions for species were not significantly
different and a community model could bedeveloped. It is suggested that deviation in either slope
or y-intercept would indicate either an adverse or a beneficial change in the mussel environment
dependent on the direction of the change. It is possible todetectthechange with only a few mussels
even of different species when the community model developed is powerful. Similarly, the point
at which annuli-length regression deviates significantly from a slope of 0 indicates the onset of
reproductive activity in the mussel population. Comparing thepoint at which this occurs between
sites may be used to evaluate the habitat quality at the site. By establishing baseline growth and
development models for mussel communities it may be possible to more readily evaluate habitat
and environmental perturbations and thus more effectively manage this important resource.
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Responses of Native Unionids to Encrustation by Zebra Mussels
David J. Berg^, Wendell R. Haag^, David W. Garton^ and Jerry L. Farris'
'0/n'o State University, Department of Entomology, Columbus
^Ohio State University, Department of Zoology, Columbus
^Virginia Polytechnic Institute and State University, Department of Biology, Blacksburg

Zebra mussels {Dreissena polymorpha) heavily encrust native unionids in Lake Erie. In order to
assess the effects of encrustation on unionids, a three-month field experiment and a field survey
were conducted in western Lake Erie in 1990. The field experiment compared mortality and
energetic fitness of encrusted and unencrusted Amblema plicata and Lampsilis radiata, while the
surveys examined correlations between degree of encrustation and fitness. In the field experi
ment, L. radiata suffered higher mortality and reduced fitness when encrusted, with greater
sensitivity exhibited by females. A. plicata showed reduced fitness but no differences in mortality
when encrusted. At three sites in western Lake Erie, higher mortali ty was found in the subfamilies
Anodontinae and Lampsilinae than in the subfamily Ambleminae. Differential mortality may
have been caused by subfamily differences in life history strategy and /or shell morphology. There
were no consistent patterns between severity of encrustation and biochemical indices of stress in
field-collected unionids. These results lead to the conclusion that encrustation by zebra mussels
has a severe energetic cost to native unionids, a group of organisms that has evolved in the absence
of large biofouling organisms. The sex- and species-specific responses suggest that bivalve
community structure will shift to domination by amblemines in lakes that have large populations
of zebra mussels.

An Assessment of the Commercial Mussel Fishery on Wheeler Reservoir, Alabama

Zachary H. Bowen
Auburn University, Department of Fisheries and Allied Aquacultures, Auburn University, Alabama

A creel survey of the commercial mussel fishery on Wheeler Reservoir (Tennessee River,
Alabama) was initiated utilizing nonuniform probability sampling. The total estimated harvest
of mussels from July 1991 through February 1992 was 349.02 metric tons. Total number of mussels
harvested and harvest rates by month peaked in September and then declined sharply. Total
estimated effort in terms of musseler-hours was highest for divers (46,912) followed by waders
(15,669) and brailers (8,875). Musseler expenditures for gas, food, and lodging over the sample
period total, $232,308. Expenditure by hour averaged $3.25. Funding for this study was provided
by the Tennessee Valley Authority (TVA) and the Alabama Universities / TVA Research
C o n s o r t i u m .

A Survey of the Mussels of the Minnesota River, 1989

Robert C. Bright^ Catherine M. Gatenby^ Dawn Olson', and Elizabeth Plummer'
^University of Minnesota, Bell Museum of Natural History, Minneapolis
V̂irginia Polytechnic Institute and State University, Department of Fisheries and Wildlife Sciences, Blacksburg

^University of Minnesota, Entomology Department, St. Paul

A survey of the mussels of the Minnesota River of southern Minnesota was made during the
summer of 1989. Fifty-nine sites were studied, and 1,268 live specimens representing 20 species
were examined for size, condition, and abundance. The distribution of both live and dead species
was determined from the site analyses. Both quadrats and timed searches were employed to
gather the data. Many of the extant species are considered to be in some degree of trouble. No signs
of reproduction or recruitment were found at many sites, and at others they ranged form poor to
good. Both reproduction and recruitment success differed among the species. Density was found
to be low at most sites, and no mussels were found at a few others. Both density and diversity (as
number of species) were highest just below dams as the result of fish congregating there and the
reasonably stable habitat provided by the dam. Among the variety of limiting factors affecting
the mussels of the Minnesota River, drought, unstable substrates, excessive silta tion, and perhaps
chemical pollution emerge as the most important. In its present condition, the Minnesota River
mussel fauna cannot tolerate commercial harvesting.
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Virginia's Aquatic Nongame Program: Current Recovery Efforts for Endangered
Freshwater Mussel Species in the Upper Tennessee River Drainage

S u e A . B r u e n d e r m a n

Virginia Dqjartment of Game and Inland Fisheries, Ashland

Thirty-four species of freshwater mussels currently listed as threatened or endangered occur
within the headwaters of the Tennessee River in southwest Virginia. Fifteen federally endan
gered, 13 state-endangered, and 6 state-threatened mussel species inhabit the Clinch, Powell,
and/or Holston rivers of Virginia, and are receiving top priority in the Department of Game and
Inland Fisheries' aquatic threatened and endangered species recovery efforts. In 1991-1992, the
aquatic nongame program coordinated and funded a project to develop "community approach"
recovery plans for 13 state-endangered mussel species and initiated a long-term monitoring
program for these species in southwest Virginia streams. Future efforts to identify degraded
habitat and sources of sedimentation are planned which will contribute to a larger, ongoing
cooperative effort to protect and restore the upper Tennessee River basin.

Factors Affecting the Distribution and Abundance of Freshwater Mussels in the Clinch
River (Virginia, Tennessee)

G.W. Church, D.S. Cherry, J.L. Farris, and R.J. Neves
Virginia Polytechnic Institute and State University, Biology Department and Department of Fisheries and Wildlife, Blacksburg

The Clinch River, a 5th-6th order Appalachian stream, supports a diverse assemblage of mussel
species, including 16Cumberlandian endemics and 12 federally endangered species. Results from
a preliminary habitat study identified percent bedrock, particle size, mean depth, and direction
of streamflow as the most significant habitat variables affecting mussel density. In order to test
these findingsover a larger area, a second study was conducted using 42 sites from a mussel survey
of 141 sites conducted by Tennessee Valley Authority biologists between 1978 and 1983. Fourteen
habitat variables were measured at each site. Additionally, geologic features, dip and strike, were
measured where possible. Comparisons between habitat values associated with high and low
quality mussel sites were made using Wilcoxon two-sample tests. Discriminant analysis (DA) was
applied to highly significant variables from the Wilcoxon tests. Best variables selected by DA,
followed by partial Revalues in parentheses, from all sites combined were percent bedrock
(0.4034), d84 particlesize (0.3776), valley floor width (0.0778), and direction of streamflow (0.1112).
Analysis of azimuth direction of streamflow and mussel site quality revealed patterns of habitat
distribution that can be explained in terms of geologic characteristics of the Clinch River basin.

An Evaluation of Mussel Relocation as a Conservation Strategy

W. Gregory Cope and Diane L. Waller
U.S. Fish and Wildlife Service, National Fisheries Research Center, La Crosse, Wisconsin

State and federal resource agencies, recognizing the importance of preserving the native mussel
fauna, have used relocation of mussels as a conservation and management tool. Relocation has
been used to recolonize mussels in areas where populations had been eliminated by prior
pollution events, to remove mussels from construction zones, and to re-establish populations of
state- and federally endangered species. More recently, relocation has been considered as a
potential mechanism for protecting unionid populations at risk from colonization by the zebra
mussel, Dreissena polymorpha. We conducted a literature review of mussel relocations and
evaluated their relative success to determine the usefulness of relocation as a conservation and

management strategy. We found that approximately 62% of all relocations were conducted
because of construction projects and that only about 10% were monitored for more than five
consecutive years. Survival of relocated mussels varied among studies and species and was
difficult to assess. Presently, there is little guidance on methods for relocation projects or for
monitoring the subsequent long-term status of the transplanted mussels.
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Adopted Site-Specific Copper Criteria to Provide Protection of Freshwater Mussels in
the Clinch River, Virginia

Jerry L. Farris^ John H. VanHasseP, and Don S. Cherry^
^Arkansas State Universit}/, Department of Biology, Jonesboro
^American Electric Power Service Corporation, Columbus, Ohio
^Virginia Polytechnic Institute and State University, Department of Biology, Blacksburg

Reaction to the Virginia Water Control Board's adopted special standards and requirements
concerning the effect of copper on" unionids has reflected the apparent lack of confidence in
appropriate endpoints for standardized toxicity testing. Various regulatory and environmental
interest groups were reluctant to accept the results of a series of site-specific studies to determine
effluent impact in a portion of the Clinch River that has been designated as habitat for several
endangered species of freshwater mussels. As a result of 32 chronic and 75 acute toxicity tests
using test standardized and resident species, site-specific chronic and acute criteria of 12.4 and 19.5
pg Cu/L, respectively, were established. These criteria were developed using specific sensitive
endpoints for mussels to provide adequate protection at this site and are approximately 25% more
stringent than the Virginia and U.S. Environmental Protection Agency criteria for copper. The
results of testing with up to 17 resident species reiterated the appropriateness of incorporating
nonstandardized test endpoints since both acute and chronic criteria were so heavily weighted
toward mussel responses.

An Examination of Growth Rates of Three Freshwater Mussel Species in the Clinch
River, Virginia to Tennessee

J.C. Fischer, J.L. Farris, R.J. Neves, and D.S. Cherry
Virginia Polytechnic Institute and State University, Biology Department and Department of Fisheries and Wildlife, Bbcksburg

Muskrat midden shells were used to examine and compare growth rates of three freshwater
mussel species in the Clinch River via the thin section technique. The objectives were to determine
the effects of reproductive activity and longitudinal position in the river on growth rates of
freshwater mussels. Differences in growth within the sexually dimorphic species Lampsilisfasciola
were examined and compared over a range of three to 35 years of age. The males and females
exhibited similar growth rates as juveniles. At approximately five years of age they diverged
significantly, with the males having a higher rate of growth than the females. Species that were
not obviously sexually dimorphic were examined for an increase in growth rate from the
headwaters in Virginia downstream to Tennessee. This objective was examined to determine the
amount of natural variability of growth rates within three healthy mussel populationsover a range
of 138 river miles. The results of these studies will be used to validate or refute the use of growth
rate as an indication of the health of mussel communities.

Mussel Culture and Field Surveys at the Aquatic Resources Center

J.T. Gamer, T. Pingston, and R.O. Brinkhurst
Aquatic Resources Center, Franklin, Tennessee

In vitro culture with fish plasma and rabbit serum in CO^ incubators has been used to transform
glochidia of Anodonta imbecillis, A. grandis, Ligumia recta, and Megalonaias nervosa to the juvenile
stage of the life cycle. Transformation rates have been as high as 95% with both fish plasma and
rabbit serum. Transformation has yet to be achieved with 11 other species of unionids. Juvenile
mussels, primarily A. imbecillis, have been fed combinations of silt and algae {Chlamydomonas sp.,
Chlorella sp. and Selenastrum sp.), as well as other defined and undefined nutrient sources for up
to 36 days after transformation. Surveys of portions of the Duck River system revealed only one
site with potential for recolonization with Lemiox rimosus. Small populations of transplanted L.
rimosus were found at the Tennessee Valley Authority transplant sites on the Nolichucky and
North Fork Holston rivers in both 1991 and 1992. A recruit (approximately five years old) was
encountered at the latter in 1991. The 1991 survey of the Buffalo and Duck River sites revealed only
one individual on the Buffalo. Results of the 1992 surveys on these two rivers were reported.
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Distribution and Population Structure of Commercial Mussel Beds in the Black River,
A r k a n s a s

John L. Harris, Pete Rust, Steven W. Chordas III, and George L. Harp
Arkansas State University, Department of Biological Sciences, State University, Arkansas

The commercial shell beds of the Black River, White River drainage, in northeastern Arkansas
were studied during the 1991 and 1992 field seasons. Preliminary information regarding location
and size of commercially valuable shell beds was obtained by interviews and field reconnaissance
with commercial shellers. Systematic surveys were then conducted in the Black River from the
Arkansas - Missouri state line (River Mile 165) downstream to its confluence with the White River.
Divers located and defined the areal extent of shell beds prior to taking population analysis
samples. Beds were stratified based on physical parameters such as substrate, water depth,
current velocity, and river morphology (bendway versus straightway). Ten to 100 stratified
random square meter samples were taken from each bed, the species identified, and total length
measured for each individual. Analyses of bed composition, percent harvestable shells, and
species associations were calculated for each species within each bed.

Documentation of Available Data: Lantpsilis higginsi (Lea, 1857), Prairie du Chien,
Wisconsin, Area, Mississippi River Mile 628 to S6,1972-1990
Marian E. Havlik, Steven M. Briggs, and Mary M. Larson
Malacological Consultants, La Crosse, Wisconsin

Information was presesnted on 3,243 Lampsilis higginsi found in the Prairie du Chien, Wisconsin,
area, 1972-1990. A detailed database, done for USFWS, includes Mississippi River Mile (MRM),
measurements, and age. Data were available for 468 live L. higginsi: 215 males, 88 females, 13
juveniles, and 152 sex unknown. Of 2,775 empty shells, 18% were fresh; most are in museums.
Specimens were divided between downstream (1,689) and upstream (1,554) of City Dock, MRM
635.0. Only 112 were found alive downstream of Dock, while 356 were found alive upstream of
Dock; more shore collections occurred downstream; more diving occurred upstream. Data were
transferred to aerial maps. Scale for two maps was 400 feet/inch; Prairie du Chien inset map was
200 feet/inch. Each live L. higginsi was represented by a color-coded dot. Dots, with data, were
placed where living L. higginsi were found. Dots on shore summarized data on empty shells found,
per year, regardless of whether specimen was on shore or mid-river. Thus, '88 and 10/20 meant
10 fresh-dead and 20 worn-dead were collected in 1988; '87, #151, M, meant a living male, found
in 1987, was marked #151. Other color codes depict damaged shell sites, dredge and disposal
areas, fleeting capacity, and proposed harbor sites.
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Effects of Commercial Navigation on Unionids Near the City Dock, East Channel,
Mississippi River, Prairie du Chien, Wisconsin, October 1990
M a r i a n E . H a v l i k a n d C a r o l 6 . S t e i n

Malacological Consultants, La Crosse, Wisconsin
Ohio State University Museum of Zoology, Columbus

Unionids were sampled by divers, Mississippi River Mile 634.7-635.2, East Channel City Dock,
Prairie du Chien, Wisconsin. Seven transects were established. Two 0.25-m^ quadrats were
sampled every 15 m, plus qualitative samples. Three thousand three hundred eight unionids (34
species) were collected; 16% of 94 quadrats were negative. Maximum density = 116/m ;̂ mean
density = 39.4/m^ One thousand two hundred forty living specimens (28 species) were measured
and inspected for damage, including five Lampsilis higginsi (Lea, 1857). We sampled more sites,
but 10 L. higginsi were reported in area in 1987. In 1980 a 5 X 5 foot quadrat contained three L.
higginsi with two adjacent to quadrat; a 1980 Dock site yielded 102 live unionids; we found four.
Of sexually dimorphic females, 85% were gravid. One 1987 downstream transect yielded 404
unionids; we found 203. Despite harvest, Amblema plicata (Say, 1817) increased from 53% (1980)
to 61%, but declined in actual abundance. Fourteen percentof754were legal height; none
of 104 Magnonaias nervosa (Raf., 1820) was 102 mm. Two A. plicata from one quadrat, both 67 mm
long, were eight and 23 years. A. plicata lengths showed bell curve; age data showed bimodal
distribution with decline in 14 year age class (birth year = 1976 channel dredging). Regression of
A. plicata and M. nervosa age vs. length = R^of 0.71 and 0.79, respectively. Some shells may have
had barge damage.

A Recovery Plan for the Federally Endangered Winged Mapleleaf Freshwater Mussel

The Winged Mapleleaf Recovery Team (David J. Heath, presenter)
Wisconsin Department of Natural Resources, Rhinclander

The winged mapleleaf {Quadrulafragosa [Conrad, 1835]) freshwater mussel was listed as federally
endangered effective 22 July 1991. No reliable records of living individuals have been reported
since the 1920s. During 1987 a small population was rediscovered in the Saint Croix River,
Wisconsin and Minnesota. The species is thought to be absent from about 99% of its original
geographic range and presently occupies about 15 miles of river. The U.S. Fish and Wildlife
Service appointed a recovery team to draft a recovery plan and make interim recommendations
to the Service for species protection. The preliminary manuscript of the recovery plan includes
species description, geographical description, threats, conservation and aspects of biology,
ecology, habitat requirements, limiting factors, and recovery actions with an implementation
schedule. Interim actions include a study on microhabitat and an instream flow study at the extant
site to be conducted during the 1992 field season.

Hos t F ishes o f Three Freshwate r Musse ls

Mingqing Luc and James 6. Layzer
Tennessee Cooperative Fishery Research Unit, Tennessee Technological University, Cookeville

Host fish of Medionidus conradicus, Lasmigona costata, and Ptychobranchus subtentum were deter
mined by artificially infecting 20 fish species representing seven families. Transformation periods
varied among mussel species, ranging from 10 to 40 days. Medionidus conradicus transformed on
rainbow darters {Etheostoma caeruleum) and striped darters (E. virgatum). Five species were
identified as hosts for P. subtentum: rainbow darters, redline darters (£. rufilineatum), fantail
darters {E.flabellare), barcheekdarters (£. obeyense), and banded sculpin {Cottuscarolinae). Lasmigona
costata juveniles were recovered from 11 fish species.
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Morphological and Electrophoretic Approaches to the Identification of Elliptio Species
on the Savannah River Site, South Carolina

Margaret Mulvey and George M. Davis
Savannah River Ecology Laboratory, Aiken, South Carolina
Academy of Natural Sciences, Philadelphia, Pennsylvania

Surveys of the bivalve fauna of the Savannah River Site were undertaken in 1989 and 1990. The
primary goal was to determine the status of the "Mill Creek Elliptio" described by Britton and
Fuller (1979). External shell morphology was determined using standard measures and com
puter-assisted imaging. Protein electrophoresis was used to characterize genetic variation within
and between populations and species. A search of museum specimens was done to select
appropriate nomenclature for shell morphologies. "Mill Creek Elliptio" referred to Elliptio hepatica.
Differentiation among Elliptio complanata, E. errans, E. lugubris, E. icterina, and E. raveneli popula
tions of the site was also described.

Heavy Metals in the Threeridge Mussel Amhlema plicata plicata (Say, 1817) in the
Upper Mississippi River
Teresa J. Naimo
U.S. Fish and Wildlife Service, National Fisheries Research Center, La Crosse, Wisconsin

Concentrations of mercury and zinc in threeridge mussels, Amblema plicata plicata, sampled in 1987
from Pools 3 and 10 in the Upper Mississippi River, were comparable to concentrations in mussels
from moderately contaminated systems, while copper concentrations were similar to concentra
tions in mussels from more polluted waters. Cadmium concentrations in mussels were signifi
cantly less at a lightly contaminated site (Pool 10, range 0.53 to 0.92 mg/g dry weight) than at a site
where metal abundances were strongly influenced by industrial and domestic inputs (Pool 3,
range 0.80 to 1.25 mg/g dry weight). Yet cadmium concentrations in mussels from Pool 3 were
an order of magnitude less than values reported for mussels from more metal-polluted systems.
In contrast, copper, mercury, and zinc concentrations did not differ between sites. Cadmium and
zinc concentrations generally increased with size of the mussel, copper concentrations decreased
with size, and mercury concentrations were unrelated to size.

Effect of Fish Hosts on Genetic Variation in Unionid Mussels

Bernard E. Sietman, Dwight W. Moore, and Elmer J. Finck
Emporia State University, Schmidt Museum of Natural History, Division of Biological Sciences, Emporia, Kansas

Gene flow among populations of organisms is reflected by their ability to disperse, and the extent
of gene flow is determined by the extent of genetic variability within and among populations.
Dispersal in unionid mussels is assumed to be accomplished during the larval stage of the life cycle
as parasites on fish. To test this hypothesis we compared the genetic variability among popula
tions of Obliquaria reflexa and Quadrula pustulosa. These species differ in their fish host affinities
in that O. reflexa is thought to complete development without parasitism, while Q. pustulosa has
at least six fish hosts. Genetic data were gathered at 15 presumptive loci using starch-gel
electrophoresis. Populations of Q. pustulosa exhibited increased polymorphism, greater numbers
of alleles at a locus, and increased heterozygosity compared to O. reflexa. Given that Q. pustulosa
has fish host affinities that would predict increased levels of gene flow among populations, the
hypothesis that fish are the main dispersal mechanism is supported.
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Effects of Handling and Time Out of Water on the Survival of Freshwater Mussels

Diane L. Waller, Jeffrey J. Rach, and W. Gregory Cope
National Fisheries Research Center, La Crosse, Wisconsin

The mortality of freshwater mussels following displacement by field surveys, relocation projects,
and commercial harvest is assumed to be insignificant. However, the factors affecting survival,
such as water temperature, time out of water, habitat preference, and species sensitivity, are often
not considered. The objective of this study was to evaluate the effects of handling and time out
of water on the survival of freshwater mussels following displacement. The study was conducted
in an existing mussel bed in Pool 7 of the Upper Mississippi River (RM 713.2). The study design
was a randomized block and consisted of a 3 x 3 m grid divided into nine 1-m^ squares. Two
squares within a block were controls, and one was the placement square. There were three
treatments (0-, 10-, and 60-minute exposure to the atmosphere) and 30 mussels per replicate. The
mussels were collected by divers, marked, treated, and placed back into the placement square. The
grid was reexamined after 6 months to measure mortality in the control and placement squares.
Natural mortality was estimated from the percentage of dead shells taken from the placement
square prior to study initiation. These results were compared to the percentage of dead shells
collected from the control squares during reexamination.
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