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SYNOPSIS. The freshwater bivalves (Mollusca: Order Unionoida) are
classified in six families and about 165 genera worldwide. Worldwide rate
of extinction of freshwater bivalves is poorly understood at this time. The
North American freshwater fauna north of Mexico is represented by 297
taxa in two families. There are 19 taxa presumed extinct, 44 species listed
or proposed as federally endangered, and there are another 69 species that
may be endangered. A number of these endangered species are functionally
extinct (individuals of a species surviving but not reproducing). Extinction
of North American unionoid bivalves can be traced to impoundment and
inundation of riffle habitat in major rivers such as the Ohio, Tennessee
and Cumberland and Mobile Bay Basin. Damming resulted in the local
loss of the bivalves' host fish. This loss of the obligate host fish, coupled
with increased siltation, and various types of industrial and domestic
pollution have resulted in the rapid decline in the unionoid bivalve fauna
in North America. Freshwater communities in Europe have experienced
numerous problems, some local unionoid populations have been extir-
pated, but no unionoid species are extinct. Three taxa from Israel are now
reported as extinct. Other nations such as China that have problems with
soil erosion and industrial pollution or have numerous dams on some of
the rivers {e.g., South America: Rio Parana) are probably experiencing
problems of local extirpation if not the extinction of their endemic fresh-
water bivalve fauna.

INTRODUCTION

Aldo Leopold

Freshwater environments are some of the

Flecker, 1993). Freshwater ecosystems in
North America north of Mexico are home
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tebrates, of which 820 are mollusks (Wil-
Hams and Neves, 1992).

T h e Phylum Mollusca has been very sue-
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have a unique life history trait: they have
an obligate parasitic Stage On fish. Larval
Unionoidea, termed glochidia are released
by the female and to be Successful must
a t t a c h t o t h e &lh o f a Part icular host fish.
There it resides for a short period, meta-
morphoses and drops from the gill of the
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TABLE 1. Bivalve families with at least one represent-
ative species found in freshwater'

Taxon

Subclass Pteriomorphia
Order Arcoida

Arcidae

Order Mytiloida
Mytilidae

Subclass Paleoheterodonta
Order Unionoida

Unionoidea
Unionidae
Margaritiferidae
Hyriidae

Etherioidea
Mutelidae
Mycetopodidae
Etheriidae

Subclass Heterodonta
Order Veneroida

Corbiculidae
Sphaeriidae
Dreissenidae
Solenidae
Donacidae
Solecurtidae

Order Myoida

Corbulidae
Erodonidae
Teredinidae

Subclass Anomalodesmata
Lyonsiidae

Larval type

veliger"

veliger

glochidiac

glochidia
glochidia

haustoriad

lasidia*
?

direct development'
direct development
veliger
veliger
veliger
veliger

veliger
veliger
veliger

veliger
a The information presented iin this table was com-

piled from Turner (1966), Morton (1968), Davis (1982),
Taylor (1988), Deaton and Greenberg (1991).

b Veliger—the free swimming larval stage character-
ized by ciliated velar lobes used in swimming and feed-
ing.

c Glochidia—the bivalved larvae of Unionoidea
which are generally parasitic on the gills of fish.

d Haustoria—the larval stage of the Mutelidae, com-
posed of a soft body, bilobed anteriorad, with 3-7 small
hooks on the posterior end and a very long filamentous
tentacle. The larval stage develops distally on a tube
on the side of the fish. After metamorphosis, the ju-
venile bivalve is cut free along an abscision zone to
begin life as a free living bivalve (see Parodiz and Bo-
netto, 1963).

' Lasidia—the larval stage of the Mycetopodidae is
similar to the haustoria of the Mutelidae except that
the filamentous appendages are quite different. Larval
development here is not by attachment to the body of
the fish with tubular appendages but by a cyst-like
structure (see Parodiz and Bonetto, 1963).

' Direct development—release of juveniles directly
from the female without an external veliger or parasitic
life stage.

fish to begin life as a juvenile clam if it lands
in suitable habitat (Table 1 for definitions).
The developmental pattern is similar in the
Etheroidea but the larval stages, lasidia and
haustoria, are morphologically distinct and
the process of metamorphosis are different
from those of the Unionoidea. It is because
of this unique dependency upon a particular
host fish that unionoids are so sensitive to
disturbances of the freshwater ecosystem.
They are threatened not only by actions
which directly impact them, but also any
actions which might affect their host fish
populations. Without the host fish the
unionoid species is unable to complete its
reproductive cycle and faces extinction.
Destruction of the freshwater fauna has been
reported by Ortmann (1909) and van der
Schalie (1938) and van der Schalie and van
der Schalie (1950). Extinction of freshwater
bivalves has been happening since at least
1900, but has only recently begun to be rec-
ognized (Stansbery, 1970,1971). We are now
however poised on the brink of a major and
widespread extinction event (Stansbery,
1970, 1971; Palmer, 1986). Unionoid
bivalves are very long lived (30-130 years
according to Bauer (1992)), so impacts on
a population may not be immediately
detectable. Decline, local extirpation and the
final extinction of freshwater bivalve spe-
cies is directly tied to the degradation and
loss of essential habitat.

Extirpation is the loss of a local popula-
tion of a species while the species continues
to exist in other parts of its range. Extinction
is the complete loss of all individuals and
populations of a species.

NOMENCLATURE

The higher bivalve classification used here
follows Vaught (1989). The taxonomy of the
North American freshwater bivalves is that
presented in Turgeon et al. (1988). Table 1
provides the higher freshwater bivalve clas-
sification used in this paper to the family
level. The taxonomy of the freshwater
bivalves of the world exclusive of North
America is based on the works of Haas
(1969) and Starobogatov (1970, 1992). A
revised classification of freshwater bivalves
is currently in preparation (see Bogan and
Woodward, 1992).
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FRESHWATER BIVALVE EXTINCTIONS 601

UNIONOID BIVALVE FAUNAS BY
GEOGRAPHIC REGION

The unionoid bivalve faunas are treated
by major geographic area, citing major works
summarizing the unionoid fauna. I discuss
documented extinctions and identify some
of the environmental changes which con-
tribute to the destruction of the unionoid
fauna.

Australia
Smith (1992) summarized the known non-

marine molluscan fauna of Australia and
listed 17 species (Hyriidae: 17 species). Pon-
der et al. (1989) discussed the destruction
of the artesian spring heads and the endemic
gastropod fauna in Australia. Their com-
ments can be generalized for the rest of the
freshwater fauna and problems with pollu-
tion and river modification are assumed but
the extent is unknown. However, no fresh-
water species are listed as extinct in Aus-
tralia at this time (Ponder, personal com-
munication, October, 1992).

Indian subcontinent
Subba-Rao (1989) provided the most

recent summary of the freshwater mollusks
of India, Pakistan, Bangladesh, Burma and
Sri Lanka (Unionidae: 52 species; Margari-
tiferidae: I species; Etheriidae: 1 species).
Very little information is known about this
fauna beyond sketchy notes on their distri-
bution. Pollution appears to be the major
impact but nothing is known regarding mol-
lusk extinctions in these countries.

China and Southeast Asia
The fauna of this huge region is diverse

and must be examined by area or country.
Freshwater bivalves have been described
from Asia for many years but the fauna is
still very poorly understood. Suzuki and
Horikosi (1944) provided an early list of the
unionoid fauna of China. Liu (1979) pro-
duced the only recent handbook on the
freshwater mollusks of China (Margariti-
feridae: 1 species; Unionidae: 37 species ).
Niu (1990) and He (1991) summarized some
of the problems of deforestation, poor farm-
ing practices, and subsequent erosion in

China, impacts exacerbated by rapidly
increasing domestic and industrial pollu-
tion. Jin et al. (1990) documented the loss
of certain lakes, including decrease in over-
all size of others with their increasing eutro-
phication. Decrease in lake size is linked to
siltation and to land reclamation. These two
papers point to the very large problems of
erosion and pollution in China. These fac-
tors combined with some of the recent dam-
ming projects, are resulting in big lake and
big river species being locally extirpated, but
at present there is no evidence of complete
extinction of any freshwater bivalve. Habe
(1990) reported the freshwater molluscan
fauna of Japan. Kim (1985), Kwon and Habe
(1979), and Yoo (1969) documented the
freshwater bivalve diversity in Korea
(Unionidae: 10 species) and pointed out, at
least for the Han River, problems with pol-
lution and declines in populations. Brandt
(1974) monographed the non-marine
aquatic mollusks of Thailand (Margaritifer-
idae: 1 species; Unionidae: 32 species). There
is a recent monograph of the freshwater
mollusks of Vietnam by Dang, but I have
not been able to examine a copy of this work
(Unionidae: 39 species; E. Petro, personal
communication, September, 1992).*

Europe and the former Soviet Union
Zhadin (1952) and Haas (1969) provided

summaries of the freshwater bivalve fauna
of these regions (Margaritiferidae: 2 species,
Unionidae: 8 species). Altaba (1990)
reported that Margaritifera auricularia
(Spengler, 1793) was facing extinction by
reduction to a single population in the lower
Ebro River, Spain. He attributed this decline
to problems with pollution and over-har-
vesting for shells and pearls, and further
noted that the suggested host fish is also
endangered in Europe. Young and Williams
(1983) and Bauer (1988) blamed the decline
in Margaritifera margaritifera (Linne, 1758)
on pollution and over-harvesting. Although
local populations of European unionoids are
locally endangered no species is known to
be extinct (Wells and Chatfield, 1992)
(Bauer, Dyduch-Falniowska, Finet, Gitten-
berger, van Goethem, Grossu, Jungbluth,
Kilias, Kiss, Knudsen, Naggs, Petro, Ross,
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TABLE 2. List of extinct freshwater bivalve taxa by
geographic area.

North America [19]
Alasmidonta mccordi Athearn, 1964
Alasmidonta robust a Clarke, 1981
Alasmidonta wrightiana Walker, 1901
Epioblasma arcaeformis (Lea, 1831)
Epioblasma biemarginata (Lea, 1857)
Epioblasma flexuosa (Rafinesque, 1820)
Epioblasma florentina florentina (Lea, 1857)
Epioblasma haysiana (Lea, 1834)
Epioblasma lenior (Lea, 1842)
Epioblasma lewisii (Walker, 1910)
Epioblasma obliquata perobliqua (Conrad, 1836)
Epioblasma personata (Say, 1829)
Epioblasma propinqua (Lea, 1857)
Epioblasma sampsonii (Lea, 1861)
Epioblasma stewardsonii (Lea, 1852)
Epioblasma torulosa gubernaculum (Reeve, 1865)
Epioblasma torulosa torulosa (Rafinesque, 1820)
Epioblasma turgidula (Lea, 1858)
Medionidus mcglameriae van der Schalie, 1939

Israel [3]
Leguminaia saulcyi (Bourguignat, 1852)
Potomida littoralis delesserti (Bourguignat, 1852)
Unio elongatus eucirrus (Bourguignat, 1857)

Salvini-Plawen, Sattmann, Turner, Wood-
ward, personal communication, 1992).

Africa
The African freshwater bivalve fauna is

comprised of four families (Etheriidae: 1
species; Mutelidae: 28 species; Margariti-
feridae: 1 species; Unionidae: 26 species).
Mandahl-Barth (1988) summarized the
freshwater bivalve fauna but overlooked the
recent works of Brown (1967), Appleton
(1979), and van Damme (1984). Nagel
(1991) listed freshwater mollusks including
bivalves collected in Sierra Leone. Altaba
(1990) noted that Margaritifera auricularia
(Spengler, 1793) is extinct in Morocco.
Appleton (personal communication, Sep-
tember 1992) reported the disappearance of
Cafferia caffer (Krauss, 1848) [Unionidae]
from part of its former range, possibly due
to agricultural development or loss of fish
hosts. Nothing else is currently known con-
cerning the status of other species, but
impoundments and pollution are probably
adversely impacting these bivalves.

Middle East
There are no recent comprehensive stud-

ies of freshwater bivalves of the Middle East;

only limited data on species distributions
are provided by Haas (1969). Heller (per-
sonal communication, October 1992) stated
that three species have become extinct in
Israel due to the rivers drying up (Table 2).

South America
There is no recent paper since the seminal

work of Ortmann (1921) followed by Haas
(1931) that surveyed the freshwater bivalve
fauna of South America. The taxonomy used
here for South American unionoids follows
Parodiz and Bonetto (1963) (Hyriidae: 7
genera; Mycetopodidae: 9 genera). Rivers
of South America are poorly known bio-
logically and the impact of deforestation can
only be guessed. The Rio Parana is being
adversely impacted by the construction of
a series of dams. Di Persia and Olazarri
(1986) presented a list of the zoobenthos of
the Uruguay River basin (Hyriidae: 8 spe-
cies; Mycetopodidae: 13 species) and
reported the fauna was extirpated for
approximately 120 km behind the Salto
Grande Dam. Quintana (1982) summarized
the molluscan fauna of Paraguay (Hyriidae:
11 species; Mycetopodidae: 18 species). Due
to poor and generally historic information,
evidence of extinction is lacking.

Central America
This geographic division encompassed the

area from Mexico to Panama. The basic
information on the unionoid fauna of this
area is severely limited (e.g., Olivera and
Polaco, 1991) to the early works of von
Martens (1890-1901) and Fischer and
Crosse (1894). The taxonomy of the Union-
idae and Mycetopodidae occurring in this
region is currently confusing and poorly
understood. Haas (1929) listed the fresh-
water bivalve fauna as he understood it at
that time (Unionidae: 67 species; Myceto-
podidae: 3 species). The number of taxa are
probably excessive for the unionids, but may
be quite conservative for the mycetopodids.
The most recent work is that of Goodrich
and van der Schalie (1937) and van der
Schalie (1940) on the mollusks of the Peten
and Alta Vera Paz. Fred Thompson (per-
sonal communication, July 1992) noted that
many rivers of Central America are suffer-
ing from municipal pollution and the fresh-

D
ow

nloaded from
 https://academ

ic.oup.com
/icb/article/33/6/599/2107199 by guest on 21 August 2022



FRESHWATER BIVALVE EXTINCTIONS 603

water molluscan fauna is declining in diver-
sity. Alcocer-Durand and Escobar-Briones
(1992) documented the destruction of the
aquatic biota of the Mexico Basin that
includes one species of unionid, Anodonta
impura Say, 1829, locally extirpated due to
draining of the lakes and swamps. We can
only assume that, with increased population
growth and municipal and industrial pol-
lution, the fauna is being adversely impacted,
but the impact is unknown.

North America
The freshwater bivalve fauna of North

America north of, but including the Rio
Grande, historically supported the most
species rich freshwater bivalve fauna in the
world (Margaritiferidae: 5 species; Union-
idae: 292 species). Turgeon et al. (1988)
listed 13 freshwater bivalves as presumed
extinct. Neves (n.d.) recorded 297 species
and subspecies of unionoid bivalves as liv-
ing in North America, and that 19 taxa were
presumed extinct (Table 2); 44 taxa are cur-
rently listed as federally endangered or
threatened, and 69 taxa are listed as can-
didates for federal protection. The unionoid
fauna of the eastern United States has been
intensely studied for over 150 years. The
fauna is summarized by Burch (1975) and
Clarke (1981) and listed by Turgeon et al.
(1988). The greatest decline is among the
endemic species of the southeastern United
States particularly in the Mobile Bay, Ten-
nessee and Cumberland River drainage
basins. Ortmann, as early as 1909 (Ort-
mann, 1909, 1918), documented the effects
of pollution on the destruction of the fresh-
water molluscan fauna. Impoundment was
implicated in the destruction of the unionid
fauna by van der Schalie (1938) and van der
Schalie and van der Schalie (1950). Extinc-
tion of unionid species was reported by
Stansbery (1970 [7 species extinct]; 1971
[11 species extinct]). Sadly almost half of
the freshwater bivalve taxa listed for North
America are either extinct or in serious
jeopardy of extinction. Hartfield (personal
communication, November, 1992) has sug-
gested that possibly ten species of Pleuro-
bema in the Mobile Bay Basin are now pre-
sumed extinct since they have not been
collected alive in a number of years. Dra-

matic declines in diversity and population
sizes have been recently documented (Den-
nis, 1987; Anderson et al., 1991; Nalepa et
al., 1991; Williams et al., 1992). Several of
the federally listed endangered taxa are
functionally extinct, that is, the taxon is rep-
resented in the wild by senescent adults
which have ceased reproducing.

CONTRIBUTING CAUSES OF EXTINCTION

Factors affecting a species that result in
its extinction are varied and usually intri-
cately interrelated. Freshwater bivalves are
long-lived organisms, thus the cause or
causes of species extinction may not be
immediately apparent. The most tenuous
part of the life cycle of a unionoid bivalve
is the requirement of an obligate fish host.
If a fish host is absent, the species {e.g.,
Obovaria retusa (Lamarck, 1819); Pletho-
basus cooperianus (Lea, 1834); Pleurobema
taitianum (Lea, 1834)) has become func-
tionally extinct and will become totally
extinct at the time when the last surviving
individual of the species dies. None of these
factors alone would contribute to the extinc-
tion of a species, but there is some evidence
that, since unionoid bivalves are so long-
lived (up to 130 years [Bauer, 1992]), indi-
vidually, impacts are minor but become
cumulative and thus lethal with the passage
of time.

Habitat destruction
Freshwater bivalves are filter feeders and

cannot withstand heavy loads of silt. Most
species are not adapted to life in a soft silty
substrate. When covered with a layer of silt,
these species simply suffocate because they
are not able to escape. Sources of increased
siltation are headcutting, gravel washing
operations, coal washing, poor agricultural
practices (runoff), cutting of riparian forests,
and clear cutting of major portions of the
watershed (Starrett, 1971; Fuller, 1974;
Newbold et al., 1980; Dennis, 1985; Hart-
field, 1993).

Pollution from papermills, tanneries,
chemical factories, steel mills, etc. were
implicated early this century in the destruc-
tion of the freshwater bivalve fauna {e.g.,
Ortmann, 1909, 1918). Untreated effluents
from municipal sources as well as non-point
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source domestic pollution enrich the local
waters in which they are discharged (Star-
rett, 1971).

Ortmann (1909) clearly documented the
role of acid mine runoff in the destruction
of the freshwater fauna of western Penn-
sylvania. Many of the streams he listed as
devoid of freshwater bivalves are still lack-
ing a mussel fauna. He also implicated brine
coming from oil wells and the dumping of
chemicals from oil refining as being detri-
mental to the freshwater fauna. Fuller (1974)
pointed out the destructive role of chlorine
laden oil field brine on freshwater bivalves.
Anderson et al. (1991) pointed to recent strip
mining in the watershed for the decline in
the unionid fauna of the Little South Fork
of the Cumberland River in southern Ken-
tucky.

Modification of the channel of a river or
stream for navigation, flood control, or
improved drainage has strong impacts on
the benthic fauna. In-stream gravel mining
operations remove the substrate in which
unionoids live and increases downstream
siltation. A result of channel modification,
dredging, or channelization is headcutting.
Portions of a stream above the immediate
impact can be altered by the resulting chan-
nel adjustments (Hartfield, 1993). Head-
cutting is a major problem in some of the
rivers in Southeastern North America on
the coastal plain and has resulted in at least
the local destruction of the freshwater
bivalve fauna in several rivers (Hartfield,
1993). Damming dramatically alters the
environment of what was formerly a free-
flowing river by altering the fish fauna, sub-
strate composition, benthic community,
water chemistry, amount of dissolved oxy-
gen, and water temperature. The extirpation
of parts of the freshwater bivalve fauna as
the direct result of damming is well docu-
mented (Lewis, 1868; Ortmann, 1909, 1924;
Scruggs, 1960; Isom, 1969; Fuller, 1974;
Williams et al., 1992).

The effects of pesticides and heavy metals
have recently been reviewed by Fuller (1974)
and Havlik and Marking (1987). Heavy
metals such as cadmium can be toxic to
freshwater bivalves. Unionoids take up and
concentrate heavy metals, contaminants,
and pesticides from the water column thus

making them good indicator organisms for
environmental pollution and stress. A lam-
pricide was recently proven to be lethal to
the pink heelsplitter (Potamilus alatus (Say,
1817)) (Bills et al., 1992). These substances
in the water column may not be toxic to the
animal at a given time but their effects may
be cumulative. The presence of these pol-
lutants in the environment adds to the stress
on the animals.

Host fish

I noted earlier the critical importance of
obligate fish hosts for the development and
metamorphosis of the larval stages of
unionoids. It is for this reason that fresh-
water mussel assemblages in rivers that have
been dammed have either become totally
depleted or severely reduced in numbers
since the altered environment is usually
unsuitable for survival of the host fish. Ful-
ler (1974) and Hoggarth (1992) have pro-
vided a summary of information on the
known probable host fish for glochidia.
These data cover only about one fourth of
the species of North American freshwater
bivalves. The information on host fishes for
freshwater bivalves in the rest of the world
is substantially less. Understanding this
relationship and knowing which fish species
are utilized by which unionoid species is
essential before any attempts are made to
preserve an endangered freshwater bivalve
species. Without the host fish necessary for
the continued reproduction of a given spe-
cies, all conservation efforts will be in vain.

Commercial exploitation
Freshwater bivalves formed the basis for

the pearl button industry in the first third
of the twentieth century in North America,
and today they are extensively harvested for
the Japanese cultured pearl industry. The
collecting of specimens of Margaritifera
margaritifera to extract pearls has had a
major impact on populations in Europe
(Young and Williams, 1983). These activ-
ities annually destroy large numbers of adult
clams and in some places severely impact
entire populations. When species are lim-
ited in range or to isolated populations, har-
vesting of this type can prove to be the final
impact resulting in extinction. Hartfield
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(personal communication, October, 1992)
commented that he felt commercial exploi-
tation had not contributed to the extinction
of any unionoid species in North America.

Introduced species
Clarke (1988) suggested that in North

America the introduced asian clam (Cor-
bicula Jluminea (Miiller, 1774), competes
with native unionoids and causes a decline
and/or possible local extinctions of native
freshwater bivalves. Recently a more
destructive introduced bivalve pest, the
zebra mussel (Dreissena polymorpha (Pal-
las, 1771)), has been introduced into North
America and is a major threat to native
unionoids in large lakes, impounded large
rivers and potentially smaller rivers and
streams. The larval zebra mussel settles on
any hard substrate in large numbers,
especially unionoid bivalve shells, poten-
tially killing or at least weakening the fresh-
water bivalves to which they attach (Mackie,
1991; Schloesser and Kovalak, 1991; Hun-
ter and Bailey, 1992).

DISCUSSION

Unionoid bivalves have radiated in fresh-
water lakes and rivers since at least the Tri-
assic, and have developed a unique life his-
tory that is very intimately tied to their
obligate fish hosts. Unionoid bivalves have
evolved where they exploit habitats in riffle
and shoal areas of large rivers {e.g., the Mis-
sissippi River, Mekong River, Yangtze
River, Rio Parana basins), the same habi-
tats which are actively being affected by
impoundments for navigation, flood con-
trol and hydro-electric production. Major
problems facing freshwater bivalve survival
are: 1) The current understanding of the sys-
tematics, ecology and host fish/bivalve rela-
tionships in the Order is very poor outside
of Europe and North America, 2) The long
term perspective of species distribution and
abundance is lacking, 3) The rate of defor-
estation, water quality degradation, and
stream channel alteration is continuing to
increase. The unique life history of union-
oids is also actually contributing to their
decline and extinction, because the weak link
in a freshwater bivalve's reproduction is the
dependence on an obligate host fish. When

the host fish disappears the species becomes
functionally extinct.

Extinction of the 18 taxa in North Amer-
ica is not clearly due to a single cause but
is the long term combination of a suite of
detrimental factors. The cumulative effects
of impoundment, of dumping of municipal
and industrial pollutants into the rivers,
deforestation, channel modification, and
over-harvesting have contributed to the
extinction of at least 18 species adapted to
the riffle and shoal habitats of big rivers in
North America. The species of Epioblasma
listed as extinct were found in the Tennes-
see, Cumberland and Ohio River basins.
The status of freshwater bivalve faunas out-
side of Europe and North America is
unknown. There are some suggestions that
single episodes of pollution or impact upon
a species are not the cause of unionoid pop-
ulation declines but the long term cumu-
lative effects of multiple impacts (Nalepa et
ai, 1991). A major shortcoming in our
understanding of the cause or causes of
extinction in unionoid bivalves, is our tre-
mendous lack of knowledge on the life his-
tory, fish hosts, ecology, distribution both
modern and historic, and the confused state
of unionoid systematics.

Carpenter et al. (1992) projected changes
in freshwater ecosystems and suggested that
the reflected changes in elevated water tem-
peratures will affect fish distributions. If
changes such as those projected occur, they
will have an effect on freshwater bivalves
with potential host fish loss and local extir-
pation of existing host specific taxa. I have
suggested that freshwater bivalves in east-
ern North America may have remained in
place south of the glacial maximum during
the Pleistocene and did not move south in
response to colder temperatures as did the
mammals and birds (Bogan and Grady,
1991). Freshwater bivalves that have
invaded Canada (Clarke, 1981) will con-
tinue to expand their ranges north.

The positive side to the freshwater
bivalves imperilment is that people are
beginning to understand that the aquatic
ecosystem is very complex and fragile. Pres-
ervation of individual species is not the
answer, but rather a focus on the preser-
vation of the diversity of aquatic commu-
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nities found in natural ecosystems and
watersheds will conserve the endangered
species and its habitat. We are aware of the
various symptoms of what is causing extinc-
tions and must become more proactive in
planning and management of aquatic
resources. The fact that we are unable to put
a monetary value on a species does not mean
that that species is not a critical part of the
aquatic ecosystem (Williams and Neves,
1992).
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