FACTORS INFLUENCING THE DISTRIBUTION AND ABUNDANCE OF
FRESHWATER MUSSELS IN THE BARREN RIVER, KENTUCKY,

WITH EMPHASIS ON THE ROLE OF HOST FISHES

A Thesis
Presented to
5
the Faculty of the Graduate School
Tennessee Technological University
by

Jeffrey L. Weliss

In Partial Fulfillment
of the Requirements for the Degree
MASTER OF SCIENCE

Biology

May 1993

e



i RS

AN ABSTRACT OF A THESIS

RS TNFLUENCING THE DISTRIBUTION AND ABUNDANCE OF
SHWATER MUSSELS IN THE BARREN RIVER, KENTUCKY,
WITH EMPHASIS CN THE ROLE OF HOST FISHES

FAC
F

s O

o

Jeffrey L. Weiss

Master of Science in Biology

Five 150-m-long sampling sites were established within
a 5 km reach of the Barren River. Twenty-seven species of
mussels were collected including the federally endangered
Pleurcbena plenum. Mussel densities range from 1.0/m to
6.3/m’ and varied significantly. Species richness was
similar ameong sites. Amblema plicata most fregquently
qtilized sand and small gravel substrate in water 40 to 100
cm deep and velocities from 5 to 1% cm/s; the other 26
specles, as a Jroup, sccurred over a somewhat broader range
of habitats. Differences in nmussel abundance among sites
may be due to habiltat requirements of juvenile mussels and

hoat fishes. Mussels were most abundant on sites with high
fish abundance. )

0f 2,510 fish (43 species) examined, 4.1% were infected
with glochidia. Infection rates were similar (4.0% to 5.5%)
among four of the five sites. Only 1.5% of fish examined
from the fifth site were infected. The number of fish
infected on each site was significantly correlated {P<0.,05)
with fish species richness on each site. Amblemine
glochidia were present on fish from December through July
due to an extended period of infections by glochidia of
Megalonaias nervosa. seasonality of glochidial infections
by anodontines and lampsilines generally agrees with
reported periods.

clochidial infections were obkserved on 25 fish species
r11 families). Fourteen of these species have noct been
identified as a host for any of the mussel species
collected. Amblemine glochidia infected the most species
(19); anodontine and tampsiline glochidia infected eight and
four fish species, respectively. Differences in host
specificity occurred among species within subfamilies.
potential new hosts were identified for five mussel species
and Pleurcbema spp.
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Seaszonal and Spatial Variation in Glochidial Infections

of Fish in the Barren River, Kentucky

Abstract. Forty-six species of fish were collected fron
five 150-m-long sites. Of 2,510 fish examined, 4.1% were
infected with glochidia. Infection rates ranged from 1.5%
to 5.5% among sites. Seasonality of glochidial infections
by ancdontines and lampsilines generallly agrees with

%
reported periods. Amblemine glochidia were present on fish

from December through July because of an extended period of

in

[ n)

ection by glochidia of Megalonalas nervosa. The number
of fish infected on each site was significantly correlated
with fish species richness (P<0.05). Mussels were most
abundant on sites with high fish abundance.

Introduction

The larval stage (glochidia) of most freshwater mussels
are obligate parasites of fish. Some nussel species are
host specific, utilizing a single fish species; others
parasitize as many as 25 fish species (Gordon and Layzer
198¢9). OCbviocusly, host fish play a vital role in the
lifecycle of most mussel species. However, hosts of most
mussel specles are unknown (Fuller 1974).

Mussel subfamilies (Anmblemidae, Anodontinae, and
Lampsilinaes) differ in length of breoding period and timing
of glochidia release. Most amblemines are short-term

brooders; they spawn in spring and release glochidia in
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sunmer. Lampsilines and anodontines are long-term brooders
which spawn in late summer and hold glochidia in theilr
marsupia over winter for release in the spring and summer.
However, there is variation in these reproductive periods
within subfamilies. For instance} Megalonalas nervosa (an
amblemine) reproduces and releases glochidia in the fall
(Howard 1914). Lampsiline glochidia have been found in
stream drift and éh fishes throucghout the year (Neves and
Widlak 1988).

The timing of glochidial release may ke synchronized
with the seasonal movements of host fish. Glochidia of
Vvillosa vanuxeml are released from October to May when the
species’ host, the banded sculpin (Cottus carolinae), is
most available (Zale and Neves 1982}. Villosa nebulosa and
Lampsilis fasciola released glochidia when their centrarchid
hosts were present in the riffle habitat occupled by the
mussels.

This study exanines seasonal and spatial variation in
glochidial infections of fish by mussel subfamilies and M.
nervosa. The role of fish species yrichness in determining
spatial differences in infection frequencies 1s examined.
The ecclogical relationship between the mussel and fish

faunas of the Barren River 13 alsoc discussed.
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Materials and Methods

The study area was a 5S5-km reach of the Barren River
descriped in Part I. Five 150-m-long sites were established
in riffle, run, and pool habitats,.

Fish were ceollected on each site from Octcber 1980 to
September 1991 in all months except November. A variety of
gear was used depending upon water levels. Experimental
gill nets were 45.7hm long with six equal size panels of
mesh frem 1.9 to 6.4-cm bkar measure. Two sizes of hoop nets
were used: large nets had ¢l-cm~diameter hoops, a front
mesh of 5,1-cm and back mesh of 3.8-cm; small nets had 51-
cm-diameter hoops and 3.8-cm mesh throughout. Large nets
were used in areas of sufficient depth to completely
submerge the hoops. In shallower sites, the small nets were
used. Both baited and unbaited sets were made and the time
of each recorded. A 30.5-m-long seine with 6.4-mm mesh was
used on the fcur shallowest sites when water levels allowed.
The number of seining stations established within a study
site was determined by the habitat present. A 6.l1-m-long
seine with 6.4-mm mesh was used on several dates when water
levels prevented use of the large seine. Electrofishing was
conducted with a bocat-mounted DC unit. Each site was
sampled by making three passes upstream. One pass was made

along each bank and one in the center of each site.
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Analysis of varlance was used to test the hypothesis
that mean catch/h electrofishing and mean catch/haul of the
20-m seine did not differ significantly among sites.

All fish ccllected were retained. Small individuals
were fixed in 10% buffered formalin in the field and
transferred to 70% ethanol (ETOH) in the laboratory. Large
individuals were placed on ice and then frozen within 48 h.

»

Fish were examined for glochidial infections using a
dissecting microscope with 10-70¥X magnification. Gleochidia
were removed with a probe and preserved in 70% ETOH.
Length, helight, and hinge length of each glochidium was
measured to the nearest 5 um with a compound microscope
(100 X) fitted with an ccular micrometer. Valve length was
the maximum anterior-postericr distance across the shell.
Height was measured from the hinge to the ventral margin.
Hinge length was the distance between the intersections of
the hinge and the anterior and posterior shell margins.
Dimensicns of glochidia removed frem fish were compared with
those of'qlochidia optained from gravid mussels and to
measurements reported in the literature (Lefevre and Curtis
1912; Crtmann 1912; Surber 1912,191%; Matteson 1948; kaiey
1972; Hoggarth 1988; Waller et al. 1988; Jirka and Neves
1991; Weaver 2t al. 1991). Glochidia of M. nervosa were
identified to species while others were identified to

subfamily.
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The relationship bhetween fish specles richness and
infecticn frequencies was tested using Pearson’s correlation
coefficient.
Results
Twenty~seven species of mussels were collected from the
five sites including the federally endangered Pleurobema

plenun {see Part I;.

Mussel density ranged from 1.0/m° on
sites 4 and 5 to 6.3/m’ on site 1. Species richness was
similar among sites ranging from 16 to 20 species.

A total of 6,736 fish representing 46 species, 16
families, and 11 crders was collected (Table 1). The fish
fauna was dominated by catostomids (12 species),
centrarchids (9 species), and cyprinids {7 species). The
number of fish collected was highly variable among months
due to fluctﬁating water levels. The steelcolor shiner
(Cyprinella whipplei) was the most abundant fish species
followed by emerald shiners (Notropis atherinoides), spotfin
shiners (Cyprinella spilopterus), gilzzard shad {(Dorosoma
cepedianum), brook silversides (Labidesthes sicculus), and
bluegllls (Lepomls macrochirus). Thé greatest number of
fish (2,106) was collected on site 1 with the most species
{33) occurring on site 3 {Table 2). Both the fewest fish
collected (163) and lowest species richness (19) occurred on
site 4
Catch=-per=-unit-effort (CPUE! for each gear differed

among sites (Table 3). Comparisons of catch among sites



were limited to fish collected by electrofishing and the
30-m seine pecause of low catches in other gears. No fish
were collected in small hoop nets. Mean CPUE electrofishing
varied significantly among sites (ANGCVA; Fi. = 3.30;
P=0.0157). Mean CPUE electrofishing on site 5 was
significantly lower than on other sites (Duncan’s Multiple
Range Test, P<0.05) possibly due te riffle habitat. Mean
5

catch per haul of the 230-m seine was not significantly
different among sites (ANOVA; F,,, = 0.21; P>0.80).

Glochidial infection rates varied among months; highest
incidence of glecchidia infections of fish (41%) occurred in
March (Figure 1). No glochidia were found on 729 fish
examined in September nor on 176 fish in October. Because
only five fish were collected in February, the abksence of
attached glochidia may not be representative.

Seasonality of glochidial infections was evident for
cach mussel subfamily and for M. nervosa. Glochidia of M.
nervesa cccurred on fish from December through May, whereas
those of cther amblemines were present from May through July
(Figure 2). Fish infected with anoddntine glochidia were
collected from March through May with lampsiline infections
occurring from March through August.

Overall infection rates were similar among four of the
five sites and ranged from 4.0% to 5.5% (Table 2). Just
of fish examined from site five, a riffle habitat, were

infected. The number of infected fish collected on each



site was significantly correlated with the nunber of fish
species collected on each siﬁe (r=0.90; P<0.04). A
positive, though not statistically significant relationship
cocurred between the percentage of fish infected on each
site and the number of fish species collected on each site
(r=0.561; P>0.20).

Discussion

.

Seascnality of glochidial infections by anodontines and
amblemines (other than M. nervosa) in the Barren River was
cimilar to other streams (Coker et al. 19%21; Yokley 1972;
Wiles 1975; Neves and Widlak 1988; Weaver et al. 1991).
beriod of infection by lampsiline glochidia agrees with

other studies with the exception of Neves and Wwidlak (1988)

who reported infections by lampsiline glochidia throughout
the year. The timing and extended period of infections of
£ish by glochidia of M. nervosa ls atypical of amblemines

which are considered to be short-term summer brooders. In

the upper Mississippl River, most female M. nervosa were

gravid in October and no gravid specimens were collected in
November (Howard 1914). Glochidia were released immediately
upon maturatien. In artificlal propagation trials,
longevity of infections by M. nervosa glochidia ranged from
2 to 6 months {Howard 1914). Megalonalias nervosa in the

Barren River are following this pattern. Glochidia are

5

likely heing released in November and December based on the

.

time when 4. nervosa glochidia were first observed on fish.
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The six month period over which infections by glochidia of
M. nervosa occurred may be due to an extended period of
attachment to the host, rather than an extended pericd of
glochidia release.

Although spatial variation in overall infection rates
was low, a significant relationship occurred between the
number of fish infecggd and fish species richness on each
site. The positive correlation between the percentage of
fish infected on each site and number of fish species
collected on sach site suggests that fish species richness
may be an important factor in determininq.infection
frequencies. If so, maintenance cf fish diversity should be

a priority in the conservation and management of freshwater

mussels.
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Table 1. Fish species and number collected on five sites on
the Barren River from October 1990 to September 1991

Family
Species

Leplzosteidae
Longnose gar
Spotted gar

Clupeidae
Gizzard shad

Hicdontidae
Mooneye

Faccidae
Muskellunge

Cyprinidae
Common carp
Streamline chub
Bluntnose minnow
Spotfin shiner
Steelcolor shiner
Emerald shiner
Rasyface shiner

Catostomidae
River carpsucker

Highfin carpsucker

ouilliback
Blue sucker
Spotted sucker

Northern hog sucker
Smallmouth buffalo

Silver redhorse
River redhorse
Black redhorse
Golden redhorse

Shorthead redhorse

Tetaluridae
Channel catfish
Flathead catfish
Brindled madtom

Cyprinodontidae

Blackstripe topminnow

Number
Lepisosteus osseus 27
L. oculatus 2
Dorosoma cepedianum 803
Hicdon tergisus 13
Esox masquinongy 2
Cyprinus carpio 3
Erimystax dissimilis 49
Pimephales notatus 307
Cyprinella spilopterus 899
C. whipplei 2,059
Notropls atherinoides 1,202
N. rubellus 4
Carpicdes carpio 4
C. velifer 3
C. cyprinus 2
Cycleptus elcngatus 1
Minytrema melanops 13
Hypentelium nigricans 18
Ictiobus bubalus 3
Moxostoma anisurum 21
M. carinatum 19
M. duquesnel 23
M. erythrurum 62
M. macrolepidotum 54
Ictalurus punctatus 29
Pylodictis olivaris 4
Noturus miurus 1

Fundulus notatus 1
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Takle 1 {(continued)

Family
Species

41

Number

Poeciliidae

Eastern mosguitofish

Atherinidae
Brook silverside

Cottidae
Banded sculpin

Percichthyidae
White bass

Centrarchidae
Rockbass
Warmouth
Bluegill
Longear sunfish
Smallmouth bass
Largemouth bass
Spotted hass
White crappie
Black crapple

Percidae
Greenside darter
Slenderhead darter
Logperch darter
sauger

Sciaenidae
Freshwater drum

Gambusia holbrooki
Labidesthes sicculus
Cottus carcllinae
Morone chrysops

Amblolites rupestris
Lepomis gulcsus

L. macrochirus

L. megaloctis
Micropterus dolomieu
M. salmoides

M. punctatus

Pomoxis annularis

P. nigromaculatus

Ethecostoma blennioides
E. phoxocephala
Percina caprodes
Stizostedion canadense

Aplodinotus grunniens

26

434

322

92
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Table 2.

Species richness and incidence of glochidial

infections of fish collected from five sites on the
Barren River from Cctober 19%0 to September 1991

Site
1 2 3 4 5
Number of Fish .
Collected 2,106 1,447 1,490 163 1,530
Number of Figh
Species 28 32 33 19 20
Number of Fish
Examined 580 570 684 111 547
Number of Fish
Infected 32 23 35 4 8
Percent Infected 5.5 4.0 5.1 4.1 1.%

42
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FIGURE 1. Overall monthly incidence of glochidial infections of
fish cclliected fronm the Barren River (October 1990 to September
1991) .

FIGURE 2. Menthly incidence of infections of f£ish in the Barren
River by glochidia of Megalcnaias nervosa, other amblemines,
anodontines, and lampsilines (October 1990 to September 1891).
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Host Fish Utilization by Freshwater Mussels

in the Barren River, Kentucky

Abstract. 0f 2,510 fish examined (43 species), 4.1% were
infected with glochidia. Overall, 25 fish species (11
families) were infected; 14 of these specles are not known
hosts of any mussel species occurring in the Barren River.
Amblemine glochidia occurred on a diversity of fishes (19
species). Eight fish species were infected with anodontine
glochidia while those of lampsilines utilized only five
species. Differences in the degree of host specificity was
evident within the amblemines. Glochidia of Amblema plicata

occurred on 12 species of fish while those of gQuadrula

S R R R R IR G B ye . e bed © e

pustulosa were found only on channel catfish. Overlap in

host utilization occurred between amblemines and the other

R

subfamilies but not among anodontines and lampsilines.

Potential new hosts are identified for five mussel species

and Fleurchema spp.

Introduction

The lifecycle of most freshwater mussel speciles
includes a parasitic larval stage (Slochidia). Glochidia

develop in the marsupia of female mussels after

Sl R

fertilization of eggs and are discharged into the water.

Once free, they must attach to a suitable host or die.
Glochidia of most mussel species parasitize fish. Some

species are host specific, utilizing a single host; others

48
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parasitize as many as 25 fish species (Gordon and Layzer
1989). Glochidia that contact a figh usually attach to
gills or fins and beccme encysted in fish tissue. During
encystrent, glochidia digest host tissues and possibly
tissue flulds until they develop into juveniles and excyst
(Stein 1971). Obvicusly, host fish play a vital role in the
lifecycle of most mussel species., However, hosts of many

5
mussel species are unknown (Fuller 1974).

Some mussel specles maximize the likelihood of
glochidial attachment by attracting fish. A portion of the
mantle of Lampsilis cardium is brightly <olored and is
extended and waved with the current (Cokér et al. 1921).
Epicblasma capsaeformis attracts potential hosts with a
bright blue mantle flap (Hill 1986}. Fish approach the
mussel and attempt to feed on the waving tissue. When the
fish contacts the mussel, glochidia are discharged.
Glochidia of some mussel species are released in groups
(Conglutinates) which may resemble aquatic insects or small
fish often preyed upon by larger fishes {Stein 1271; Gordon
and Layzer 1989). Conglutinates ma¥y result in higher
intensities of ¢lochidial infections (Neves and Widlak
1988). Anodontine glochidia are normaily released singly,
and are suspended in the water cclumn by mucous strands and
left to drift into contact with a host (Sﬁein 1971). This
means of dispersal is augmented by the tremendous number of

glochidia {up to 3.5 million) which can be released by a
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single remale (Surber 1912; Coker et al. 1921; Neves and
Widlak 1988). However, the proportion of released glochidia
which- successfully attach te a host is very low. Of 4,800
fish examined by Neves and Widlak (1988) over a cne vear
period, only 14% had encysted glochidia. Holland-Bartels
and Kammer (198%) found glochidial infections on just 4% of
2,000 fish examined ,from June through August. Although not
all species examined may have been hosts, these low rates of
infection suggest that host abundance may play an impertant
role in determining reproductive success.

This study examines host utilization by a diverse
assemblage of freshwater mussels in the presence of a
diverse fish fauna. Differences in host specificity within
and among mussel subfamilies are examined. Potential new
hosts are identified which reguire confirmation by induced

infections.

Materials and Methods

Five 150-m-long sites were established in riffle, run,
and pool habitats of the Barrén River, Kentucky {see Part I
for site descriptions). Mussel spec;es composition was
evaluated on each site in 1991 by timed diving. Two divers,
either snerkeling or using SCUBA equipmént, collected
rmussels on each site for 30 minutes. Mussels collected were
identified to species and returned to the site.

Fish were collected on each site from October 1990 +o

September 1991 in all months except November 1990. A
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variety of gear, including seines and electrofishing, was
used depending upon water levels (see Part II). All fish
collected were retained. Small individuals were fixed in
10% buffered formalin in the field and transferred to 70%
ethanol (ETOH) in the laboratory. Large individuals were
placed on ice and then frozen within 48 h.

Fish were examined for glochidial infections with a
dissecting microscope at 10-70X magnification. All gill
arches and fins were removed from f£ish greater than
approximately 100 mm in length and examined individually.
Smaller fish were examined whole. Glochidia were removed
with a probe and preserved in 70% ETOH. The location of
glochidia on each infected fish was recorded. Length,
height, and hinge length of each glochidium was measured to
the nearest 5 um with a compound microscope (100 X) fitted
with an ccular micrometer. Length was the maximum distance
between the anterior and posterior shell margins. Height
was measured from the hinge to the ventral margin. Hinge
length was defined as the distaﬁce between the points where
the hinge intersected with the anter;or and posterior shell
margins. Dimensions of glochidia removed from fish were
compared with those of glochidia obtainedhfrom gravid
mussels and to measurements reported in the literature
(Lefevre and Curtis 1912; Ortmann 1912; Surber 1912, 191%;
Mattescon 1948: Yokley 1972; Hoggarth 1988; Waller et al.

1988; Jirka and Neves 1991; Weaver et al. 1991). When
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possible, glochidia were identified to species or to a group
of several specles with similar dimensions and shapes;
others were identified to subfamily.

Results

Twenty-seven species of mussels including the federally
endangered Pleurobema plenum were collected from the study
area (see Part I)h

Of 2,510 fish examined (43 species), 4.1% were infected
with glechidia. Overall, 25 species of fish (11 families)
were infected (Table 1). Fourteen of these species have not
been identified as a host for any mussel species occurring
in the Barren River. Glochidia were never found on seven
specles which are known hosts for one or more nmussel species
present; however, six of these fish species were rarely
collected. Highest rates of infection cccurred in
Percichthyldae (100%), Hiodontidae (45%), Ictaluridae (32%),
Lepisosteidae (27%), and Sciaenidae (12%).

Ancdontine glochidia were ildentified by their
distinctive triangular shape. With few excepticons,
ancdentine glechidia were larger in'all dimensions than
amblemine and lampsiline glochidia (Table 2; Figures 1
through 2). Lampsiline and amblemine glochidia overlapped
conslderably in size of each dimension measured. Amblemine
glcchidia are generally more rounded than those of
lampsilines with the exception of Quadrula pustulosa.

Glechidia of ¢, pustulosa (an amblemine) are similarly
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shaped to those of Ellipsaria Ilineolata (a lampsiline).
However, glochidia of E. lineolata are higher than those of
Q. pustulosa allowing sepération of the species.

Amblemine glochidia occurred on 19 species of fish from
10 families (Table .3). Ancdentine glochidia were found on
eight species of fish with lampsilines infecting just five
specles. Four fish,specles, longnose gar (Lepisosteus
osseus), gizzard shad (Dorosoma cepedianum), golden redhorse
(Moxostoma erythrurum), and flathead catfish (Pylodictis
olivaris) were utilized by both anodontines and amblemines.
Lampsilines and amblemines each infected channel catfish
(Ictalurus punctatus) and spotted bass (Micropterus
punctatus); however, no host fish were common to both
anodontines and lampsilines. In three instances, anodontine
glochidia occurred on the same individual fish (longnose
gar, gizzard shad, and flathead catfish) with glochidia of
Megalonalas nervosa. An individual golden redhorse and a
sauger (Stizostedion canadense) were infected with *
anodontine gleochidia and those of Amblema plicata.
Glochidia of A. plicata, along with Ehcse of another
amplemine, also occurred on cne mooneye (Hiodon tergisus).

Amblemines displayed varying levels of host specificity
(Table 3). Glochidia cof A. plicata were found on 12 speciles
and M. nervosa on eight fish species. In contrast, |
glochidia of Q.pustulosa cccurred only on channel catfish ﬁﬁ

and cglochidia of Pleurchema s . only on mooneve and
f
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steelcolor shiner (Cyprinella whipplei). Eight known
amblemine hosts were infected while 13 fish species
previcusly not ldentified as hosts of amblemines occurring
in the Barren River, were also infected.

Within the anodontines, glochidia of Lasmigona
complanata and L. costata were separated from Anodonta
grandis and Arcidens confragosus and from each other based
upon dimensions. Gleochidia of L. complanata are smaller in
each dimension than those of other anodontines present.
Glochidia of L. costata are shorter in length and taller in
height than glochidia of A. grandis and A. confragosus.
Glechidia of both L. complanata and L. costata occurred on
gizzard shad and river redhorse (Moxostoma carinatum) while
glochidia of A. grandis or A. confragosus, cccurred on four
fish species. None of the fishes infected with anodontine
glochidia were known hosts of an anodontine species
occurring in the Barren River.

Lampsiline glochidia were rarely found on fish.
Glochidia of Potamilus alatus infected freshwater drum

"
(Aplodinotus grunniens), a known host. Glochidia of other
lampsilines occurred on just four fish species, none of
which are known hosts of lampsiline species collected.

Most infected fish carried few encysted glochidia,
(generally one to five); however, one freshwater drun,

captured in April 1991, was infected with 232 P. alatus
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glochidia. This was the only instance of such a high

intensity of infection.

Glochidia of M. nervosa occurred as frequently on £ins

as on gills of fish, particularly in the case of longnose

gar and gizzard shad. Anodontine glochidia occurred more

frequently on gills (92%) than on f£ins while lampsiline

infections were resfricted to gills.

Discussion

The low prevalence of glochidial infections con
centrarchids, cyprinids, and perclds was unexpected.
Members of these families are frequently utilized as hosts
{Gordon and Layzer 1989). Host utilization by mussel

subfamilies in this study differs from results of other

studies. Amblemine glochidia infected a diversity of

fishes. Other studies have found amblemines infecting only

cyprinids (Zale and Heves 1982; Neves and Widlak 1988}.

However, these studies were done on smaller systems with

very different mussel faunas. In this study, amblemines
infected four cyprinids, but at ratea of Jjust 1% to 6%.

Fishes utilized by lampsilines also differed from other
studies. Highest prevalence of infections by lampsiline
glochdia (16%) occurred on channel catfish. Lampsiline
glochidia did not occur on three ictalurid species examined
by MNeves and Widlak (1988); however, centrarchids were

utilized as in this study. Differences in host utilization

among systems varying in diversity and size are poorly
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understood. Until more hosts are identified and mechanisms

influencing host utilization are identified, no definite
conclusions cén be drawn.

Lack of identified hosts also hinders discussion of
hypotheses concerning the role of host specificity in
determining mussel distribution and abundance. The ability
to survive in a wide range of habitats and utilization of

many fishes as hosts, may allow a mussel species to becone

widely distributed and abundant. Amblenma plicata exhibits
these traits and dominates the mussel fauna of the Barren

River. However, the lack of information concerning habitat

requirements and host utilization for most nussel speciles

limits conclusions concerning the role of host specificity

in determining mussel distribution and abundance.

Infections of fins of gizzard shad and longnose gar by
M. nervosa glochidia are possibly due to the feeding habits
of gizzard shad (detritivore} and morphclogy of longnose gar
(high fin surface area, small buccal cavity). The low
prevalence of infections on fins by anodontine glochidia was

i‘
unexpected. The hooks cof ancdontine glochidia are thought

¥ to be an adaptation for attachment to fins (Lefevre and

Curtis 1912). However, the higher prevalence of infectiens

on gllls observed in this study and by Wiles (1975) suggests

that the hooks are simply an adaptation for attachment,
regardless of the location on the fish.

Catostomids, though common members of river fish
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assemblages, have been relatively ignored in host studies.

in this study, catostomids have been identified as potential

hosts of A. plicata, L. complanata, and L. costata. Also

relatively common in rivers of the southeastern United
States, spotted bass (Micropterus punctatus) have been
infrequently tested even though congeners have been

identified as hosEs of many mussel species. Steelcolor

shiners (Cyprinella whipplei) and mooneyes (Hiodon tergisus)

were identified as potential hosts of Pleurobema spp.
Host (s) of federally endangered P. plenum are unknown;

steelcolor shiners and mocneyves are candidates worthy of

examination. For successful implementation of recovery

plans, hosts of P. plenum and cther endangered mussels must

be identified.
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rable 1. (continued)
Percent Infected by Subfamily

Number
Pamily Species ryamined Amblemine Anodontine Lampsiline
Catostomidae C. cyprinus 3 - - -
(continued) c. velifer' 2 Co- - -
Jjctaluridae Tctalurus punctatus’ 25 12 - 16
pPylodictis olivaris’ 3 a7 ’ 33 -
cyprinodontidae Fundulus notatus 1 - - -
Poeciliidae Gambusia holbrooki 19 - - -
Atherinidae Labidesthes sicculus’ 181 - - <1
cottidae Ccottus carolinae” 4 - - -
Percichthyidae * Morone chrysops” 1 100 - -
Centrarchidae Lepomis @cmommm 3 67 - -
L. macrochirus’ 148 <1 - -
L. megalotis 67 - - 2
bSQHOﬁHmem Hc@mmwwwm 1 - - -
pPomoxis annularis’ 4 75 - -
P. :Hmﬁoamnchmnmm 2 - - -
Micropterus ﬁnbﬁﬁmﬁcm 66 2 - 5
M. salmoides’ 1 - - -

-
s




Table 1. (continued)
Percent Infected by Subfamily

Humber
Family Species Examined Amblemine Anodontine Lamnpsiline
Percidae Etheostoma blennicides 1 - - -
Percina caprodes 24 4 - -
P. phoxocephala 1 - - -
A ] * -
Stizostedion canadense 5 - P 20 -
Sciaenidae Aplodinotus grunniens’ — 73 12 - -
&
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Table 2.

Species (code)

Dimensions of glochidia measured in this and other studies as cited
are mean 1 SD)

{ranges

Anodonta grandis (RA)

Arcidens confragosus

Lasmigona complanata

L. costata (D)

Amblema plicata (E)

Cyclenaias tuberculata (F)

Elliptio crassidens (G)

Fusconaia flava (H)

Dimensions {jm)
Hinge
Length Height Length Citation
350-362 352-358 250-258 {Hoggarth 1983)
366-380 371-396 272-281 (Current Study)
(B) 354-364 353-355 239-253 (Hoggarth 1988}
(C) 290-296 295-309 195-208 (Hoggarth 1988)
341-347  363-375  239-243 (Hoggarth 1988)
. 353-377 380-414 249-271 Aﬂzwﬁmzw Study)
200 200 - {Surber 1912)
185-200 195-215 - (Howard 1914)
348-362 288-300 qunpwm (Tirka and Neves 1991)
130 150 - {(Ortmann 1912)
150 160 - (Surber 1915)
150 150 - (Ortmann 1912}
130 150 - (Ortmann 1912) =

F. subrotunda (I}

ﬁw.;m:.k»r..km
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Tahle 3,

Fish species utilizaticon and rates of

infection by mussel species and subfamilies in
the Barren River from October 1990 to September

1991. Asterisks indicate known hosts

Mussel species Fish Number Percent
or subfamily Species Examined Infected
Anodontines
Lasmigona Lorgnose gary 29 3
complanata Gizzard shad 234 <1
River redhorse 17 18
Sauger 5 20
L. costata Gizzard shad 234 <1
River redhorse 17 &
Other Golden redhorse 55 P
Shorthead redhorse 46 2
River carpsucker 4 25
flathead catfish 3 33
Amblemines
Megalonaias Longnose gar 29 24
nervosa Gizzard shad’ 234 6
Flathead catfish’ 3 67
White bass’ 1 100
Warmouth 3 67
White crappie’ 4 75
Spotted bass 66 2
Freshwater drum’ 773 1
Amblema Mooneve 11 36
plicata Emerald shiner 307 <1
Spotfin shiner S357 <1
Steelcolor shiner 453 <1
Streamline chub 46 2
Black redhorse 22 5
Golden redhorse 55 5
Northern hog sucker 16 &
Channel catfish’ 25 4
Bluegill’ 148 <1
Legperch 24 4
Freshwater drum 73 10
Quadrula Channel catfish’ 25 8

pustulosa

66



Tabkle 3 {continued)

Mussel specles

Fish

67

Number Percent
or subfamily Species Examined Infected
Amblemines
(continued)

Pleurochema Moonave 11 g

spp. Steelcolor shiner 453 <1l

Other F}eshwater drum 73 1

Lampsilines

Potamilus Freshwater drum’ 73 3
alatus

Cther Channel catfish 25 16

Brook silverside 181 <1

Longear sunfish 67 2

Spotted bass 66 5
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FIGURE 1. Glochidial valve lengths of 26 species of
freshwater mussels measured in this and other studies as

cited (ranges are mean t 1 SD). Species codes and citations
are presented in Table 2.

FIGURE 2. Glochidial valve heights of 26 species of
freshwater mussels measured in this and other studies as

cited {(ranges are mean ¥ 1 SD). Specles codes and citations
are presented in Table 2.

FIGURE 3. Glochidial hinge lengths of 18 species of
freshwater mussels measured in this and other studies as

cited (ranges are mean * 1 SB). Specles ceodes and citations
are presented in Table 2.
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Distribution and Abundance of Freshwater Mussels Among

Various Habltats in the Barren River, Kentucky

Abstract. Five 150-m-long sites were established in riffle,

run, and pool habitats within a 5 km reach of the Barren
River. Overall, 27 species of mussels were collected
inciuding the federally endangered Pleurcbema plenum. Mean
nunber of mussels differed significantly among sites
(P<0.05). Mussel éensity ranged from 1.0/m’ to 6.3/m’ among
sites, Species richness was similar ameong sites. Amblema
plicata mest freguently utilized sand and small gravel
substrates in water 40 to 100 cm deep and velocities

< 15 cm/s; the other 26 species, as a group, utilized a
slightly wider range of habitats. Differences in mussel
abundance among sites may be due to habitat reguirements of
juvenile nmussels and host fishes.

Introduction

Many studles have examined factors affecting the
distribution and abundance of freshwater mussels, but in.
rany cases these studies have not been definitive. Strayer
(1981) was unable to determine any consistent differences in
micrchabitats of 21 species in Michigan. Holland-Bartels
{19290} found few interspecific differences in habitat use
among 20 species in the upper Mlssissippi River. Habitat
parameters most freguently examined are substrate, depth,

anad water velocity. Most mussel species have brcad



tolerances for substrate composition (Horne and McIntosh
1979). Distributions of Ancdonta grandis and Elliptio
complanata in Lake Bernard, Ontario, varied with substrate
composition (Ghent et al. 1978). The thin shell and wide

ventral angle of A. grandis restricted its distribution to

fine substrates in deeper water. Elliptio complanata was

&

s

confined to shallow snoreline areas with coarse sand and
gravel. With its *heavier shell, E. complanata is apparently

better adapted to this habitat.

The thin, inflated shell of 4. grandis appears to be an

adaptation to fine substrates; however, Léptodea fragilis
and Froptera ohiensis also nave thin sheils but occupy
coarse substrates in areas with relatively high water
velocity (Gordon and Layzer 198%9). fTheir narrow wventral
angles may be an adaptation for burrowing in coarse
substrates. Leptodea fragilis tend to burrow deeply into
the substrate and greatly extend the foot enabling the
mussel to maintain position.

There is a lack of information cencerning the influence
of water velocity in determining mussel distributions.
Apparently, adults of many species are able to survive over
a wide range of velocities (Hclland-Bartels 19%80). In the
Middle Thames River, Ontario, mussels most freguently

utilized shallow, low velocity areas with coarse substrate

(Salmon and Green 1983). Water velocity likely rlays a

major role in determining distributions of juvenile mussels




when they excyst from their fish host (Holland-Bartels
1290) . An area of otherwise suitable habitat may be

unavallable if high water column velocities prevent

juveniles from gsettling.

Habitat requirements of juvenile mussels are largely

unknown. HNeves and Widlak (1987) found no consistent trends

between substrate composition and density of juveniles;

however they believed density was correlated with water

velocity. Juveniles occur most freguently in areas of
moderate velocity and coarse substrates (Coker et al. 1921;
Neves and Widlak 1987).

This study examines abundance and species richness of

freshwater mussels among various habitats. Habitat
utilization is described for Amblema plicata. Other species
were grouped for analyls of habitat utilization.

Study Area

The study was conducted on a 5 km reach of the Barren

River downstream of Lock and Dan One, Warren County,

Kentucky. The river originates at Fountain Run in southern

Kentucky, flows northwest for 209 kﬁ, and enters the Green

River near Morgantown. The Barren River has a drainage area

of 4,925 km'.

The two rivers have historically been used for
transportation of ¢cal. A series of locks and dams were
constructed on the Green River and one lock and dam on the

Barren River by the Commonwealth of Kentucky in 1886, Dam
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Number Four on the Green River failed in 1965, ending
navigation on both rivers (U.S. Army Corps of Engineers
1977). During the course of this study, water levels
fluctuated over a range of 5 m due to operation of the dam
at Barren River Lake, 40 knm upstream.

The mussel fauna of the Green River drainage 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 survey of the mussel fauna of the
Green River drainage, ée specles 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, Fpioblasma
rangiana, Chovaria retusa, Pleurchema clava, P. plenum, and
Villosa ortmanni) are federally endangered or candidates for
listing (U.S. Fish and Wildlife Service 1990).

The lichthyofauna of the Barren River drainage is
diverse. A total of 122 fish species are known from the
drainage including five endemics (Burr and Warren 1986).

The fish species assemblage includes 31 cyprinids, 25
percids, 14 catostomids, and nine ictalurids.

Materials and Methods

Five 150-m-long sampling sites were established in
riffle, run, and pool habitats., Two transects perpendicular

to the tflow were establishead on each site for mussel



collection and habitat measurements. A 1.6 mm diameter
cable {(tagline} marked in 3-m increments was used to mark
transects. Endpoints of each transect were permanently
established by painting markers on large trees. One end of
the cable was ancheored to a tree with a chain while the
remaining cable was taken across the river, attached to a
tree, and drawn taught with a wire grip and come-a-long.

.

Hahiltat Measurements

Depth and veloclity measurements were taken at 3-m
intervals along each transect. A digital velocity meter and
top-setting wading reod were used for depths < 1.2 m. When
depth exceeded 1.2 m, a cable suspension system was used.
The boat was attached to the tagline such that the bow was
pesitioned directly below the cable. A sounding reel
mounted on the boat was used to lower a Price AA current
meter for veloclty measurements. Depth was measured with a
gauge nounted on the sounding reel. Discharge ranged
between 3.0 and 3.3 n'/s among transects when depths and
velocities were measured. The IFG4 program of the Physical
Habitat Simulation System (PHABSIM) lBovee 1982) was used to
model depths and velocities for a discharge of 3.0 m'/s.

The deminant substrate occurring at ‘each 3-m interval
along a transect was visually determined using the following
particle size categories: fines (<0.625% mm), sand (0.625

to 2.0 mm), s=mall gravel (»2.0 to 33.0 mm), large gravel
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{34.0 to 63.0 mm), and boulder (»256 mm). Cobble substrate
and bedrock did not occur in the study area.

Mussel Sampling

Mussels were sampled with two methods. Quantitative
sampling invelved placing two 0.25-m? gquadrats side=-by=-side
at each 3-m interval along a transect. Quadrats were

constructed from 9.5% mm diameter steel bar. Mussels were

A3
collected by digging within each gquadrat eilther by hand or

with a hand rake. Mussels were identified to species and

returned te the quadrat. Analysis of variance was used to

test the hypothesis that the mean number of mussels
collected differed significantly among sites. The
hypecthesis that mussels were uniformly distributed among

substrate types, depths, and water velccities was tested

with a Chi-Square Goodness~of-Fit-Test.
Because too few mussels were collected in the guadrat
samples to accurately depict species composition, a timed

dive was also used. Two divers, either snorkeling or using

SCUBA equipment collected mussels for 30 minutes on each
site. All mussels collected were identified as above and
returned to the substrate.

The Shannon-Weiner Index (Shannon 1948} was used
te evaluate species diversity for the timed-dive samples.

This index takes into account both the number of gpecies

6
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(richness) which oCCur 1in a samplie and the number of
individuals of each spacies (evenness) .
H = -% P;lnp,
Where p is the Proportional abundance of the i" species.
Results

Overall, 27 species of mussels were collected including
the federally endangered Pleurobema plenum (Table 1. a
total of 241 nussels Of 22 species was collected from 273
quadrats. The mean number of musselsgs collected differed
significantly among sites (ANOVA; Faan, = 18.77; P <« 6.0001).

Highest density (6.3/m?) occurred on site 1 (Table 2).

and 5, Qualitatively, 505 mussels of 27 species were
collected. The number collected on a site ranged from 26 on
site 4 to 134 on site 5 and the number of species from 13

(site 4) to 13 (site 3). species richness was less variable

.

T

Shannon-Weinsar diversity values ranged from 1.85 on site 1
o 2.19% on site 2. Amblema plicata was the most abundant
Species on all sites comprising 40% of the total number
eollected,

The high number of nussels collected by timed-diving on
site 3 may be an overestimate of abundance. Mussels were
more vulnerable to this method of collection an site 5 due

Lo shallow, riffle habitat. When results of guantitative

and gualitative sampling are cembined, species richness was
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similar among sites ranging from 16 (site 4) to 20 (sites 1
and 2). Individuals of six species were collected on all
sites and 10 species on four of five sites.

Phvsical Habitat

Sites 1 through 3 were dominated by sand and small
gravel substrate (Filgure 1). Site 4 had a hiéh proportion
of fines (32%} and boulders (22%). Substrate on site 5
consisted of small “and large gravel with fines and sand
collectively comprising 27%,

Sites 1 and 2 were similar in depth as were sites 3 and
5 (Figure 2). Depth at the 50" percentile on sites 1 and 2
was 60 cm, with maximum depths of 90 and 118 cn,
respectively. Sites 3 and 5 were shallower (50 and 70 cm
maximum depths, respectively). The 50" percentile depth on
site 4 was 210 ¢m (360 cm maximum). Velécities at the s50®
percentile were 8 cm/s on site 1 and 10 cm/s on site 2 with
maximum veloclities <20 cm/s (Figure 3). The 50" percentile
velocity on site 3 was higher (25 cm/s) with a maximum of 35
cm/s.  All veloclities measured on site 4 were less than 5
cm/s. The 50" percentile velocity on site 5 ({12 cm/s) was

similar to site 1 and 2; however, the maximum velocity was

55 cm/s.
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With the exception of 4. pPlicata, too few chservations
Were avallable to determine habitat use on a species basis.

The remaining 26 species were grouped for analysis of

L habitat use,
3;_ Amblema plicata were not uniformly distributed among
.é substrate types (v’ = 14.24; df = 4; P<0.01), depths
7 (X = 17.55; df = 5; P<0.01), or water velccities
(X = 27.30; 4f = 7; P<G.005).

The other species group was
also not uniformly distributed among substrate types

(X' = 17.36; af = 4, P<0.005), depths (y® = 20.04; df = ¢;
P<0.005), or water velocities (X’ = 28B.00; df = 7; P<0.005).
Sand and small gravel substrates were used in higher
preportion than their availability by both 4. plicata and
the other species (Figures 4 and 5). Use of depths from 40
to 100 cm by a4, plicata was proportionally higher than
availability while other species utilized depths from 20 to
120 ¢m in higher proportion than availability (Figures 6 and
7). Velocities of 5 to 15 cm/s were used by A. plicata in
higher proportion than availabilitY‘(Figure 8). Other

specles used a broader range of velocities proportionally

higher than their availability (Figure 9). Both groups

exhibited low use of fines and boulder substrates, depths

>120 cm, and velecities <5 cm/s and >35 cm/s.,
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Discussion

Lowest density and species richness occurred on the

R T

pool site which was characterized by fines and boulders and
low water velocities. The low use of fine substrates may be
due to the fact that most species in the Barren River have

neavy shells and are better adapted to coarse substrates.

T

Boulders are an unsuitable substrate because there are few

*,
crevices 1n which mussels can maintain pecsiticn,

A velocity of 135 cm/s appears to be a threshold level

Gon e SES R Sl

at a base discharge of 3 m/s for the Barren River. At

greater discharges, higher velocities may scour substrate

and mussels. This velocity threshold undoubtedly varies
within and among river systems due to loecal geology and
channel morphology.

Overall, the mussels of the Barren River used a wide
range of the habitat parameters examined. The variety of
habitats utilized by A. plicata was not surprising as the

species is a known habitat generalist (Holland-Bartels

1990) . The remaining 26 species also appear to be habitat

generalists; 15 of these specles oceurred on at least four
sites. Differences in habitat preference among species may
cccur; however, too few obsgervations of habitat use were
avalilaple to determine any preferences cn a species basis.
The mussel assemblage of the Barren River has 17 species in
common with the upper Mississippi River. Slight differences

in habitat use among these specles occurred in the upper
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Mississippl River; however, distributions of many species
overlapped. In small streams of Michigan, Strayer (1981)
detected no obvious differences in habitat use of 21 species
and concluded that mussel distributions may be due to
dispersal of nmussels over a heterogeneous environment where
competition is low. The ability to survive in a wide range
of hapitats is likely advantageous tc a mussel species due
to early life higtory Characteristics. The habitat into
which a juvenile is deposited is determined by movements and
habitat reguirements of host fish as well as water column
and bottom velocitiesg (Holland-Bartels 1590).

Differences in mussel abundance among sites could not
be attributed to a single factor. Distribution angd
abundance patterns may be determined by habitat requirements
of both juvenile mussels and their fish hosts. TLow
abundance and species richness on the pool site (site 4) may
be due to poor survival of Juvenile mussels or an avoidance
of the site by host fishes. Adults but no juveniles of 16
species were collected ©on the pool site. Neves and wWidlak
(1987) found lowest Jjuvenile densitdes in pool habitats.

The pool habitat of site 4 may be limiting to many lotic
fishes (Catostomidae, Cettidae, Percidae). An avoidance of
the s=ite by infected fish could result in lower recruitment
of juveniles. Unfortunately, habitat regquirements of
Juvenile mussels are largely unknown. Neves and Widlak

{1987} found highest densities behind boulders in riffles
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and runs. Juveniles have been shown to utilize areas of
swilft water with coarse substrate (Coker et al. 1921);
similar habitat did not occur on the pool site but did occur
in a large portion of sites where mussels were more
abundant. Differences in mussel abundance among sites
suggest that habitat requirements of juvenile mussels and
thelr respective fish hosts may play an important role in

A
determining mussel distribution and abundance.
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FIGURE 1. Substrate composition on five sites on the RBarren
River,

FIGURE 2. Cumulative distribution of depths occurring on five
sites on the Barren River at a river discharge of 3 m’/s.
Numbers correspond to site numbers,

FIGURE 3. Cumulative distribution of mean water column
velocities occurring on five sites on the Barren River at a river
discharge of 3 m'/s. Numbers correspond to site numbers.

FIGURE 4. Proportional® use by Amblema plicata and availability
of each substrate in the Barren River at a river discharge of
3 w/s. Solid bars represent. availability.

FIGURE 5. Proportiocnal use by the mussel specles assemblage of
the Barren River (excluding Amblena plicata) and availability of
each substrate at a river discharge of 3 m'/s. Solid bars
represent availability.

FIGURE &. Proporticnal use by Amblema plicata and availability
in each 20 cm depth category (upper range of depth categor
indicated) in the Barren River at a river discharge of 3 m'/s.
Solid bars represent availability.

FIGURE 7. Propertional use by the mussel species assemblage of
the Barren River (excluding Amblema plicata) and avallability in
each 20 cm depth category (upper range of depth category
indicated) at a river dishcharge of 3 m'/s. Solid bars represent
availability.

FIGURE 8. Preoporticnal use by Amblema plicata and availability
in each 5 cm/s velocity category (upper range of velocity
category indicated) in the Barren River at a river discharge of
3 m'/s. Solid bars represent availability.

*
FIGURE 9. Proportional use by the mussel species assemblage of
the Barren River (excluding Amblema plicata) and availability in
each 5 cm/s veloclity category {(upper range of velocity category
indicated) at a river discharge of 3 m'/s. Solid bars represent
avallability.
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