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The pautern of nestedness, where species present in depauperate locations are subsets of species present in locations with
higher species diversity, is often found in ecological commusities, Mussel communities ecxamined in four rivers in the
upper Tennessee River basin appeared significanly nested, Mutssel species diseributions were mosdy unrelated to
differences in immigration and only weally related to downstream direction, giving some indicarion of structuring by
differences in extinction. Mussel species distributions were not related to the number of fish species used as hosts for
mussel farvae, Mussel species were more likely o overlap on commeon fish hosts; however, the host-use matrix was not
nested — groups of mussel species used different sews of hast fish species in a pattern that appeared phylogenctically related,
Sites with high fish host abundance may support high mussel diversity by promoting the survival of mussel species char
are less able to anract and infect hosts. Thus, nestedness in freshwater mussel communities may be driven by the array of
host fish resources, combined with differences in species’ abilivies to use fish hosts. An understanding of the nested pacren

in this region can aid conservaden of dhis imperiled faura.

The pactern of nestedness, where species present in
depauperate assemblages are successive subsets of assem-
blages wich higher species diversity, has been demonstrated
for many ecological communides. The nested pattern
was originally described in island biogeography o char-
acterize the discribution of species across 2 ser of islands
{(Atmar and Pacterson 1993). 'This pawern has been
observed in other ecolopical systems, such as mountin
canyons {Fleishman et al. 2002), fragmented forest patches
(Fischer and Lindenmayer 2005a), ponds (Baber et al.
2004), and screams (Cook er al. 2004). Nestedness has been
found for such diverse taxa as plants (Wright and Reeves
1992}, mycophagous fly communigies (Worthen et al.
1998}, invertebrates (McAbendroth et al, 2005}, and
amphibians (Ficetola and DeBernard: 2004). Nestedness
has also been found for communities where a set of species
interacts with another set of species, such as plant-animal
mutualistic networks {(Bascompre et al. 2003) and scavenger
communities (Seiva and Forruna 2007).

Nestedness has received consicerable interest in ecology
because it may indicate the processes that are suructuring
communities (Wright et al. 1998). Nestedness across sites
may be driven by differences it either immigradon
probabilities or extinction probabilides (Wright and Reeves
1992, Worthen 1996). Differences in immigration zmong
species may promote nestedness due to the interaction of
patch size and geographic isolation with differenrial
dispersal properties of species; species with lower immigra-
tion probabilities are expected to be nested within the
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distributions of species with higher immigration probabi-
lizies (Kadmon 1995},

Ficetola and DeBernardi (2004) found that nestedness
for amphibians in northern Italy was driven by isolation
effects, combined with difference in species mobility.
Nestedness may resule from species’ differences in extine-
tion probabifides, resulting from differences in species
environmental tolerances coupled with differences in
patch size or quality (Wrighe ec al. 1998). For example,
McAbendroth et al. (2005) found that nestedness in pond
macroinvertebrate assemblages was best explained by pond
arez, with habitat and isolation of secondary importance.
An alwernative explanation for nestedness is that species
either have nested habitat requiremens (Wright and
Reeves 1992, Worthen 1996) or are responding to a
nestedness of critical resources (Fleishman er al. 2002).
Hylander et al. (2005) hypethesized that nestedness may
occur due cither to nested discrete habirass, or o nested
habitat quality across sites, where species differ in specia-
lization or tolerance.

Communities of freshwater mussels of the family
Unionidae in tivers end to be found across a series of
patches chat differ in the number of mussel species they
support, and generally appear to be nested. Many North
American rivers support high diversities of similar fresh-
water mussel species over long periods of time (Bares and
Dennis 1978). Parches are conpected in ecological dime by
dispersal of larvae, so it Is possible thar diversity reflects
differences in Immigraton, where more isolared parches
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support lower diversity. Tt is also pessible thar reduced
extinction occurs on patches of higher quality, in terms of
habitat and food; however, neither of these resources
appears to be limiting to mussels (Fuller 1980, Sceayer
1993). Reduced extinctions may also occur at sites that
provide more stability (Schlosser 1987, Haag and Warren
1998).

Nestedness of freshwarer mussel species may instead be
influenced by their use of fish host resources. Virtually all
North American freshwater mussel larvae (glochidia) are
obligate parasites on fish for a period of weeks to months
during recruivment. Larvae of a particular mussel species
can only develop successfully on a subset of the fish species
i a river. There are differences in mussel species’ ability to
attract and infece the hosts (Watters 1994). Mussel species
diversity is often positively and significantly relared o fish
species diversity (Watters 1992), and fish communities are
often nested (Taylor and Warren 2001, Coak et al. 2004).
The patterns in the fish communities, coupled with
differences in host use among mussel species, could generare
nestedness 1n mussel communities.

Here, [ examined riverine mussel communities pre-
viously sampled from four rivers in the Upper Tennessce
River wartershed for significant nestedness. The roles of
immigration, extinction, and fish host resources in driving
the pattern of nestedness in mussels were then considered.
The pattern of nestedness can suppore the selection of sites
and species for conservation and protecton (Kerr et al,
2000, Baber et al, 2004), This is particalarly important for
the Tennessee River Basin, which is amoeng the most diverse
regions for freshwarer mussels in the world. Environmental
constraints such as human land use, pollution, and toxic
spills may further impact all of the mussel species, as well
as the host fish, in the upper Tennessee River watershed
(Neves and Angermeier 1990). A better understanding of
how these communites are seructured can inform conserva-
tion actvities for mussel species in this region.

Methods
Detection of nested pattern across sites

Nestedness was examined for rivers in the Tennessee River
basin using mussel survey data taken from the Cumberlan-
dian Mollusk Conservation Program, one of the most
comprehensive surveys for freshwater mussels ever con-
ducted (Ahlszedt 1986}, The Tennessee Valley Authority
conducted a longitudinal survey of the mainstems of nine
rivers in 1979-1980; the four Upper Tennessee rivers wich
=20 sites containing mussels were included In this analysis
(Fig. 1). The Tennessee Valley Authority idenrified mussel
beds with best professional judgment and sampled cach
musse! bed encountered with a sampling efforr standardized
by dme at each mussel bed. They used a combination
of techniques, incuding snorkeling, scuba diving, raking,
and examination of muskrat middens. Free-flowing
river reaches were selected for this analysis, in order to
assume that all species had access to all sites. Clinch, Powell,
and Copper were free-fowing through the survey reach, bur
the Nelichucky River has a dam located 12.2 km above
the river mouth, so two sites locared below this dam were
dropped from chis analysis. The numbers of sites conraining
mussels and the aumber of mussel species for each river are
given in Table 1.

Nestedness was tested with the BINMAT program of
Rodriguez-Gironés and Sanwusmarfa (2006), using recom-
mended parameters. The BINMAT program arranges the
matrix to maximal nestedness by reordering the rows and
columns to minimize unexpected presences and absences,
then uses the formula of Atmar and Patterson (1993) to
caiculate a maurix “temperature” (T, cbserved tempera-
wre) normalized to a scale of 0-100, with 100 being
maximally disordered (non-nested). The observed tempera-
rure (Lope) was compared to the temperature predicted by
1000 simulations of null model 3 (T, to assess the
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Figure 1. Location and map of the upper Tennessee River basin-labeled rivers were sampled longitudinally for freshwater mussels.
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Table 1. Freshwater mussel data summary for four rivers in the Tennessee River Valley (Ahlstedt 1986); results from nestednress analysis using
BIMNAT (Rodriguez-Gironés and Santamarfa 2006); and the spatial correlation approach of Hausdorf and Hennig (2007),

Copper Creek Nolichucky River  Powell River  Clinch River
River kilometers sampled 85.3 57.9 164.2 278.4
Number of sites with mussels present (total number of sites) 36 (36) 38 (39 7378H 135(141)
Total number of mussel species 19 21 35 43
Number of [(ish species reported for river 43 38 51 61
Toss, Observed nestedness temperature (3% matrix i1l 7.2 {26%) 11,7 (24%) 0.8 (24%:) 14,6 (29%)
Thul, average temperature from BINMAT nulf model 3 3001 {16.2) 30,0 (12.4) 38.6 (4.5) 48.7 (2.7}

{variance over 1000 runs)

Probability of generating To,: from BINMAT null madel 3 p <0.00C1 p <{.0001 0 <0.0001 o <0.0001
p-value considering spatial autocorrelation (1000 runs) p =0.01098 p =0.06993 p=0.04995 p=0.01298

significance of the nestedness pattern. This null medsl,
which fixes both row and column totals, has been shown by
Ulrich and Gorelli (2007) to have excellent properties for
avording type 1 errors.

Leibold and Mikkelson (2002) found that nestedness
metrics could not distinguish nestedness from patterns of
species turnover in commuinities, and may therefore be
misleading. Thus, in addition to examining nestedness, the
mussel presence—absence matrix for cach river in this scudy
was examined with ordination by reciprocal averaging (RA)
in PC-Ord software, ver. 4.0 (McCune and Medford
1999}, Reciprocal averaging orders the martrix so that sites
with the most similar species compositions and species with
the most similar distributions are close to cach other,
Leibold and Mikkelson (2002) have found that the ordered
matrix can be examined visvally for patterns that indicate
nestedness (upper right ciangular matrix) as opposed 0
species turnover (occurrences along the diagonal with
absences in both corners of the matrix). Matrices were
also Investigated visually for clumped boundaries, which
would indicare that discrete assemblages are replacing each
other with liztle overlap among them (Leibold and
Mikkelsen 2002). Suwong indications of turnover or
clumped boundaries would suggest non-nestedness even if
nestedness tests were significanc,

Hausdorf and Hennlg (2007} found that spatial auto-
correlation can drive nestedness, and that nestedness may be
a rare pattern when the spatial autocorrelation of sites is
waken into account. They developed a test stadstic that was
used here to test for nestedness of the presence/absence
matrix with the constraint of spatial structure. For this test,
the user specifies a neighborhood table indicating which
sites are geographical neighbors, and the null model is
generated based on the probability of a species occurring at
a site and the probability of 2 species occurring on 2 non-
neighboring site. The prabelus package (prabrest routine) in
the statstical software R was run with default parameters to
perform a parametric bootstrap test for nestedness, A
significant result for this test indicates that significant
nestedness was detected in the matrix in comparison to
the null model constrained by spatial autocorrelation.

Two additional considerations are needed if the nested-
ness pattern is tw be used to inform conservation and
support the protection of species-rich sites and rare species:
whether rare species deviate from the overall nested pattern
(Fischer and Lindenmayer 2005k}, and if the most species-
rich sites have small populations of all species and might
therefore not be the best conservation choice (Flylander
er ab, 2005}, To test whether rare species deviate from the
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nested  pattern, | used the approach of Fischer and
Lindenmayer {2005h), who determined the percentage of
largest patches required to caprure 80% of the sensitive bird
species at least once in their Australian study area. Here, 1
determined the percentage of the most diverse sites needed
to caprure 80% of the mussel species considered threa-
tened/endangered (Williams et al. 1992) at least once. In
order to test whether most species-rich sites have small
populations of all species, mussel species richness was
correlated with average abundance of mussels per site for
each river.

Mechanisms behind nestedness

The roles of differences in mussel species’ immigration and
extinction  probabilides in generating nestedness were
examined with Pearson correlation. The role of differences
in immigration was examined through a regression of the
olation of patches to the mussel diversity of patches.
Isolation was calculated as the average distance 1o the two
neighboring pacches, or the distance 1o the nearest patch for
parches at cither end of the sampled river reach. This
correlation would be negative If isolated patches were less
diverse due to reduced immigration. The role of differences
in extinction for generating nestedness was examined
through a regression of mussel diversity to downstream
river kilometer. This assumes that extincdon is reduced on
the larger downstream pacches, leading to higher diversity
(Schlosser 1987). Spatial locatons for the sites were taken
from Ahlstedt (1936).

Next, the role of fish host resources in generating
nestedness was considered. A fish host-use matrix was
compiled for the set of mussel species across the set of four
rivers together, since all of the mussel species found in the
Upper Tennessee river basin occurred in the most diverse
river -~ Clinch River — excepr for Quadrula intermedia, found
only in the Powell River, and Alamidonta viridis, found
only in Copper Creek. IHost-use information was taken
mainly from the Ohio Stare Univ. Mussel/FHost Darabase
<heep://128.146.250,235/Mussellost™>  Watrers {1994),
but also from O'Brien and Lytle (2004) and Culp er al.
(2606). Five mussel species had no known fish hosts, so
they were left our of this analysis: Fusconaia barnesiana,
E. subrotunda, Cumberlania mondonata, Quadrula sparsa,
Pleurobema plenum. The list of fish hosts was limited to fish
species found in the four rivers during sampling for the
Cumberlandian Motlusk Conservation Program {Barr eval.
1993-1994, pp. 172-174). Four additional mussel species



(Elliptip crassidens, Lepiodea fragilis, Potamilus alatus, Trun-
ctlla truncatd) had no known hosts within the ser of fishes
collected in the rivers and were dropped, which resulted in a
total of 36 species of mussels considered,

Once the host-use matrix was compiled, the number of
fish hosts per mussel species was related to the number of
sites where each mussel species was found {summed across
all four rivers), to test whether rare mussel species were
more specialized in cheir use of fish hosts. Also, the
discributions of hosts and non-hosts were compared, in
order to assess whether mussel species were preferendally
using common or rare hosts. The host-use macrix was then
tested for nestedness as described above for the mussel
species-sites matrices, using the BINMAT null model 3,
and examined for turnover and clumping using reciprocal
averaging. Initial analysis of the mawix indicated phyloge-
neuc relationships among mussels and fish, so in order o
examine these patterns, mussel species were identified by
tribe (Gral and Cummings 2006} and fish species were
identified by family. The ECOSIM software (Gorelli and
Entsminger 2001) was used with defaulc options to assess
niche overfap among species, to better characterize the use
of fish host resources.

Results
Detection of nested pattern

Mussel communities in four rivers of the upper Tennessee
River basin appeared to be significantly nested {Table 1,
Fig. 2). Nestedness was indicated by the finding chat
the observed temperatures (T, were significantly lower
{p <G.00C1) than the temperatures from the BINMAT nult
model 3 (T3, When spatial autocorrelation was con-
sidered with the approach of Hausdoil and Hennig (2007),
all of the sites excepr Nolichucky River showed significant
nestedness (Table 1}, A significant result from this rest
indlicated that the nested pattern was not the result of spatial
autocorrelation.

Matrices ordered by reciprocal averaging appeared more
consistent with a pattern of true nestedness, where matrices
are upper rriangular, rather than turnover, where species
occurrences are found along the diagonal (Fig. 3). Only
the Nolichucky River gave some indication of rurnover,
where four species along right side of matrix occurred ac
separate sites from some of the other species. In each river,
ordination by reciprocal averaging indicated a dominant
gradient-fisst and second eigenvalues are as follows: Copper
(0.41, 0.35), Nolichucky (0.47, 0.31), Powell (0.35, 0.25},
and Clinch {0.21, 0.14), The correlation of RA sices scores
with mussel species richness was significant for three of the
four rivers (Table 2), indicatng that for these rivers,
richness was the dominant gradient in the fauna,

Rare species followed the nested pattern for Copper
Creek and the Powell and Clinch Rivers, where 80% of the
threatened/endangered species could be caprured at least
once in < 3% of the most diverse sites, For the Nolichucky
River, however, 29% of the most diverse sites were needed
to caprure 80% of the threatened/endangered species. In a
similar study on birds, Fischer and Lindenmayer {2005b)
tound that 23% of their sites were required to capture 80%

Copper
Creek

Nclichucky
River

Sites

Powell River

Species Species

Figure 2. Marrices of siees by mussel species for each river, where a
filled-square indicares that a particular mussel species was recorded
at that site. The matrices are sorted to minimize unexpected
presences and absences. The curved lines represent isoclings of
perfect nestedness.

of the rare species, and they considered this a weak result, so
the Nolichucky result can be considered weak as well. In the
Noliclkucky River, the three rarest species — Epioblasma
capsacformis, Lasmigona costata, and Truncilla truncata —
each occurred at a single site thar did not conform to the
nestedness pattern.
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Copper Nolichucky
Creek River
o2
b
&
Clinch River
Powell River
12}
2z
Species Species

Figure 3. Matrices of sites and mussel species sarted by the scores
of the first ordination axis in reciprocal averaging. These matrices
tend to exhibit nestedness {upper right riangular) as opposed o
rurnover {species occurrences only aleng the diagonal), except for
the Nolichucky River.

More divesse sites rend to supporrt significandy higher,
rather than lower, average abundance of mussels, as shown
by significant positive relationships between diversicy and
average abundance for three of the four rivers {Table 2).
That is, species-rich sites have larger populations, and are
therefore uscful conservation targets,
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Mechanisms behind nestedness

Correlation of mussel diversity with isolation was only
significant for Copper Creeld (Table 2). This correlation was
negative, as would be expected if isolated patches were less
diverse due to reduced immigration. All of the correlations
of mussel diversity with river kilometer were significant and
negative, indicating that mussel diversity decreases with
distance upstream (Table 2}. These correlation coefficients
were moderate, with absolute values in the range of 029
0.44,

There was no relationship beoween the number of sites ac
which a mussel species was found (summed across the four
rivers) and the number of hosts used by thar mussel species
(* =0.005), That is, rare mussel species do not use fewer
fish hosts than common mussel species. Only 49 of the 72
fish species collected in the Four rivers were used as hosts. It
appeared that most mussel species use common fish hosts:
the fish species used as hosts were more widely disuibuted
across the four rivers (mean of 3.0 rivers) than the
fish species that were not used as hosts (mean of 2.0 rivers,
F=11i4, Pr>F 0.0012).

The host-mussel matrix was significantly nested using
BINMAT null model 3 (T, =103, Ty =167, p=
0.0010, Fig. 4a). However, the ordination analysis shows
definite indication of both wrnover and cumping,
as described by Leibold and Mikkelson (2002} (Fig. 4b,
h =0.87}. In this figure, three clumps, or groups, can be
separated visually. The first 11 mussel species form an
upper left group thar includes species from all of the mussel
wibes using several fish families ~ predominandy Cen-
rrarchidae, Ictaluridae, and Carostomartidae — as hosts. The
next 13 mussel species form a center group dominated by
the Pleurobemini mussel uibe (54%) using Cyprinidae fish
hosts (74%). The group on the bottom right is predomi-
nantly the Lampsilini mussel uibe {(91%) using Percidae
fish hosts (929%).

ECOSIM indicated that there was significantdy more
niche overlap in the hostuse matrix than expected
{p <0.0001), bur significandy lower averlap In host use
among the three groups in Fig. 4b than expected by chance
{p <0.0001). There was ro difference in the mean number
of sites occupied by mussel species in these three groups
shown in Fig. 4b (F =245, p=0.1015), bur there is a
difference in conservation status: the center and lower
right groups contain significantly more chrearened/endan-
gered mussel species than the upper left group (F=9.3,
p =0.0006),

Discussion

The finding of significant nestedness in mussel commu-
nities is not surprising; nestedness is often found in nature
(Wright ec al. 1998). Only one other study has examined
nestedness in freshwater musselss Vaughn and Taylor
{1999) tested for nestedness of freshwater mussel commu-
fniries in two sections of an Oklahoma river downstream of a
dam, and they found nestedness in the section directy
below the dam but not in the section further downstream.
Layzer and Madison (1995) found thar the numbers of
most mussel species in 23 sites along Horse Lick Creek in



Table 2. Results fram selected correlations far four rivers in the Upper Tennessee River basin.

Pearson correlations Copper Creek Nolichucky Powell River Clinch River
n=36) River {n =38} {n=73 (n=135)
Reciprocal averaging site scores and mussel r=0.55 r=0.06 r=0.34 r=0.24
species richness p=0.0005 p=0.7272 p =0.0045
Site species richness and average abundance r= {05 =048 r={0.38
p=0.7570 p=0.0024 n <0.0001
Site isolation and mussel species richness re (1,33 r=0.09 r=—017
p =0.0490 p =0,5807 n=0.0513
Site location (river km upstream of r=—0.44 r= —0,313 r=—0.29
confluence) and mussel spacies richness £ =0.0077 p =0.0403 p =0.0008

Kentucky were positively correlated with each other. Nested
patterns have also been identified in communities of
freshwater fish (Taylor and Warren 2001, Cook et al.

(a)].

Fish hosis

Fish hosts

Mussel species

Figure 4. Hose-use marsix sorted (2) t show nestedness, where a
filled-square indicates that a particular mussel species uses that fish
host, and the curved line represens the isocline of perfect
nestedness; and (b} by the scores of the first ordinaten axis in
reciprocal averaging,

2004). Taylor and Warren (2001) awezibuted nestedness in
fish communides to differences in immigration and extinc-
tion rates, which were related to abundance. Nestedness has
also been found for stream macroinvertebrates (Malmgvist
and Hoffsten 2000, so it appears to be a common pattern
in aquatic systems.

Correlation results indicated minimal support for the
role of isolation, and only pardal suppert for the role of
extinction, in premoting nestedness for mussels, The lack
of relationship of diversity with isolation indicates that
differences in immigration are not important however, this
analysis cnly considered isolation among mainstem sites — it
is possible that immigration occurs from the wibucarics
(Jenkinson pers. comm.), Another consideration is char this
analysis relied on the assumption that equal sampling effort
was expended at cach site, such that sites could be
considered comparable, which may noc be the case {Gotelli
and Colwell 2001). The significant correlations of mussel
species divessity with river kilometer give some support for
the hypothesis that nestedness is driven by differences in
extinction among mussel species, but the variation in these
relationships implied that chere were other differences
among sites.

The general pactern of a downstream increase in diversity
of aquatic fauna has often been idenzified for riverine
systems (Schiosser 1987). Available space and food increase
in the downstream direction, but these resources do not
appear to be limiting to freshwater mussels (Fuller 1980,
Strayer 1993). Downsiream sites are typically considered to
be more stable; however, Cook et al. (2004} found no
evidence that higher elevation streams in Virginia experi-
enced more variable flow or higher races of fish extinction
than downstream sites. Fish diversity does increase down-
stream in this region (Angermeier and Winston 1997), so
the increase in downstream mussel diversity in this study
may be related to more diverse downstream fish faunas
{Jenkinson and Heuer 1986).

Nestedness of mussel species may reflect fish host
diversity patterns in combination with differences in mussel
species’ niche breadth (Fleishman et al, 2002, Heino 2005).
One possibility is that mussel species wich narrower niches
(using fewer species of fish as hosts) may be rarer. Since
more fish species occur downstream, the rarer mussel
species would be more likely to find suitable hosts there.
Although complete host-mussel relationships are unknown,
available host-use data did not support this hypothesis.
Similarly, Layzer and Madison {1995) found no relation-
ship between mussel species” abundance and the number of
their fish hosts in Horse Lick Creek, Kentucky, A second
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possibility is that rare mussel species are using rarer fish
hosts — if so0, taese mussels would only eccur on the parches
where their hosts were found, and would therefore mirror
che nested pattern of fish communices {Cook et al. 2004},
However, most musse! species in this study appeared to be
overlapping on common fish hosts. It is likely that these
more common fish hosts provide a more predictable
resource than do rare host species (Vazquez and Alzen
2004).

Nestedness of freshwater mussel species may be driven
by differences in the abundances of the fishes commonly
used as hosts across the sites, coupled with differences in
musssel species’ ability to attract and infect hasts. Haag and
Warren (1998) found a correlation between mussel abun-
dance and fish host abundance for ewo species in two rivers
in Alabama. Higher hest fish abundance would allow
mussels char are poorer competitors {e.g. warse at attract-
ingfinfeciing shared hosts) to survive (Rashleigh and
DeAngelis 2007). This is consistent with the “nested
habitat quality” hypothesis of Hylander et al. (2005) where
all species in an assemblage increase in abundance along the
same gradient, but differ in wolerance. This is also similar o
the finding of Selva and Forwuna (2007} where a nested
pattern in scavenger communities was related to the array of
different quality resources, coupled with differential abilities
of species. This hypothesis bridges two existing hypotheses
— the role of species extinction and the distribution of
resources - in explaining the pattern of nestedness for
freshwater mussel communities. Future study is needed o
relate parterns within groups of interacting mussel species to
the abundance and distribution of their shared hosts,

An understanding of nestedness can support conserva-
ton efforts. For example, within a nested structure, sites
with high diversity should be protected (Baber et al. 2004),
and species occurring only at the most species-rich sites can
be used as indicators of species diversity (Kerr e al. 2000,
Fleishman et al. 2002, Hylander et al. 2005). Copper
Creek, one of the rivers in this study, was resurveyed in
1998, and seven of the eleven rarest species appeared to be
extirpated from the river (Fraley and Ahistedt 1999). This
analysis showed that the mussels’ use of fish host resources
was related to phylogeny, which has also been noted by
Dillon (2000). Rezende er al. {2007 found that when
resource use follows a phylogenetic patern developed
through coevoludon, coextinctions may also follow this
pattern. This is consistent with the differences in conserva-
tion status among groups of mussels in different tribes using
different sets of fish hosts. Conservation activites are crucial
because over seventy percent of North American freshwarer
mussel species are in decline, chreatened, or exting
{(Williams e al. 1992). Understanding the dynamics of
fish hosts, site quality, and mussel diversiry can support
these conservation efforrs,
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