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ABSTRACT ~Based on the Great Lakes experience with Dreissena polymorphi, it is r,l ;
the native freshwater mussel (Family Unlonidae} fauna will be one of the Tivering
nities most severely impacied if high zebra mussel densities oceur. Negative fmpart s
ids will also affect the epizoic invertebrate communities thas live on the shel '
In 1991 and 1992 (prezebra mussel infestation) we determined the comp
of epizoic invertebrates on individual unionids from the upper Mississippi Risa
samples were from a location with a strong current; the numerically dominagni
vertebrates at this location were three species of hydropsychid caddisflies and the
farvae: Polypedilum convictum, B, scalgensm group, Rheotanytarsus sp., Microtendipes gmdei'lus
group and T hzenmnanmmwa gmup btrong correlatmns existed betweeﬂ effeﬂ:um :

Sampling in a slower current area in 1@92 revealed an epizoic composmon di
that observed in 1991, Ghyitotendipes nr. lobiferus was the most abundant
ronomid, and, although caddisfly larvae were common, they mostly belon
other than the Hydropsychidae. Again, strong correlations existed between E

ids and: (1) total number of epizoic invertebrates (r = 0.64) and (2} numb
chironomid larvae (r = 0.57). A strong correlation also existed between ;
unionids and the number of epizoic taxa present {1991 r = 0.78; 1992;.r
three invertebrate taxa were collected from the unionids; mean epizoic denss
9600 and 6400 invertebrates/m? of ESA in 1991 and 1992, respectively. These
that unionids are important substrates for epibenthic invertebrates, especna!iy i
which other large clean substrates are in short supply.

INTRODUCTION

North America’s rich unionid (Mollusca: Bivalvia: Unionidae) fauna hag
damming, channelization and pollution of the continent’s rivers (McMah
burg, 1992; Williams et ol, 1993). More than 25 unionid species are lis
in the United States (McMahon, 1991). Because of their great species
America (one reach of Virginia's Clinch River contains more than three timie:
of unionid species reported from the continent of Europe—Stolzenbu
extensive historical losses of unionids from river systems (see McMalion, 19
over further declines in unionid communities are certainly justified. F i)
unionid abundance would also affect the epizoic inveriebrate fauna whi
of the bivalves; this epizoic fauna has not been studied previously.

Over 250 yr ago, Jonathan Swift, the English satirist and writer of Gulli
scribed an ecological relationship in which:
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So, Nat'rahists observe, a Flea
Hath smaller Fleas that on him prey,
And these have smaller Fleas to bite "em,
And so proceed ad infinimm:

izoites on unionids don’t “bite” their hosts, a conspicuous invertebrate
on freshwater unionids. In 1991 and 1992 we identified and quantified
ati_m_' present on unionids living in upper Mississippi River (UMR) mussel
the UMR is the portion of the Mississippi River between Si. Anthony Falls in Min-
Minnesota, and the Mississippi’s confldence with the Missouri River near
1). In addition to determining what species live on the unionids, and their
nsities, we ascermined whether different ambient current velocity con-
dissimilar epizoic faunas. We also wanted to determine if there was a
etween unionid surface area and: (1) the number of epizoic individuals and
f epizoic taxa.
fested in unionids from the UMR for several reasons, Historically, mussel
B were severely depleted in the early 1900s by averharvesting for the com-
j dusiry and the search for pearls (Thiel and Friez, 1993). Today, harvesting
€ cultured pearl industry threaten species such as Megalongias nervosa
7 atiz (Thiel and Fritz, 1993). In 1990, ca. 6.5 million pounds of unionids
commercial value of ca. 5.1 million dollars were harvested from the UMR in the
i Hg’:#)ta, Wisconsin, Iowa, Minois and Missouri (Thiet and Fritz, 1993).
‘p"t;:'ﬂhzsw_tical and contemporary harvesting, diverse and dense unionid beds still
the UMR. Intensive sampling of five UMR unionid beds in 1990 and 1991 produced
seinimm of 21 and a maximum of 26 anionid species per bed; densities were as high as
H0-90 im_ioni__ds per m* of river hottom in some portions of the beds {(Miller and Payne,
12,1993}, Unforrunately, the zebra mussct Dreissena polymorpha {Pallas) has moved from
the Laurentian Great Lakes into the Mississippi River drainage. Zebra musscls were first
collected fr{)n} the UMR in 1981 (Moore, 1991) and have now been collected from Ay
docations in ﬂ_}_é UMR, often attached o native unjonids. The colonization of unionids by
mussels has had a devastating effect on the unionid community in Lake St Clair
i1: Hunter and Bailey, 1642), the probable site of the introduction of Dreissena
rica (Hunter and Bailey, 1992), Fortunately, at present the density of zebra
nids in the UMR is low; the potential exists, however, for colonization of
sy, Dreissena on the scale observed in Lake St. Clair. Such an ocourrence
obviously affect not only the river’s unionids, but their epizoic fauna as well. Our
therefore be viewed as both an examination of the epizoic fauna asit is now, and
_ftj;iu_re comparisons # the epizoic fauna changes from a native fauna 1 one
by zebra mussels.

MeTHODS

mpling methods—On. 18 July 1991, divers collected 10 unionids for appraisal
a from a mussel bed located along the river’s right descending hank in Pool
;:iéar Dubuque, fowa, Water depth at the sampling site was 2.4 to 4.9 m,
aswructed to choose the 10 unionids without regard to size or species. The
emoved individual unionids from the river’s subsirate and placed each in
bag. The top of the bag was knotied underwater to prevent escape of
tes. The bags were brought w the surface and each bag was placed in a
ontainey, The bags were opened and the unionids, epizoic invertebrates,




and any water in the bags were retained in the plastic containers. The insides

were rinsed into the containers and inspected in order o recover any inverteh
might have moved from the shelis of the bivaives to the inside of the bags. The.
and their epizoic invertebrates were preserved with a 5-10% buffered formalin sohitic

On 2 October 1992, we collected 15 unionids from Pool & of the UMR at a point
Crosby Slough (a buckwater channel) rejoins the river’s main channel (ca. river mil
These unionids were collected near shore in shabllow water (0.9-1.5 m) without o
size or species, and were obtained by locating the unionids while wading and then' B
going underwater and removing them from the substrate as carefully as possible. We plac
each unionid in a zipperlock bag as it was brought across the air-water interface. Buifered
formalin was again used as a preservative.

Laboratory methods—In general, unionids burrow nto the substrate, positioning them:
selves on an oblique angle, with their hinges up and much of the shell buried beneath the
sediment. Consequently, the buried portion of the shell surface is not available for colo-
nization by epizoic invertebrates. The exposed area had animal cases and Haufwuchs” al
tached, and its coloration was somewhat different from that of the buried portion. In the’
haboratory we used an electricpowered tool to etch a line on both valves to separate the
exposed area from the buried portion. We marked these areas so that we could distjnguish_'
them later, :

Epizoic invertebrates were dislodged by brushing the exteriors of the shells with a tooth:
brush. Invertebrates dislodged by brushing, as well as those loase in the plastic sample
containers or zipper-lock bags, were collected on a U.S. Standard 60 sieve {openings = 950
pm) and preserved in 70% cthyl alcohol. Chironomids and oligochactes were mounted on
slides using a modification of the method of Beckett and Lewis {1982). All epizoic inver-
tebrates were then identified, generally to the genus or species level. We used the following
taxonornic keys in our invertebrate identifications: larval chironomids (Wiedr:rholm, 1983,
Epler 1992); annelids (Klemim, 1985; Brinkhurst, 19863; caddistlies {Wiggins, 1977, S_chuSt_'er_.
and Ernier, 1978); Stenonema terminatum (Lewis, 1974); Dugesia tigrina (Kenk, 1976); Mis
culium transversum (Burch, 1975); the remaining taxa (Pennak, 1978; Peckarsky et al., 1990;
Thorp and Covich, 1991).

To determine if a refationship existed between available surface area and investeby
abundance {number of epizoic individuals per unionid), as well as calcalate ifverieh
densities (number of epizoic individuals per area of shell), we determined the amy
surface area exposed above the sedimentwater interface for each collected unioh
called this area the effective surface area (ESA) since it was the actual surface ared avaiia
tor colonization by epizoic invertebrates. We determined the ESA of each unjomid by cuttin
pieces of aluminum foil such that they fit in a single sheet exactly over the portio s ¢
shell which had been above the sediment-water interface, We also cat out measured squar
of aluminum foil from the same roll of foil. We then weighed the aluminum foil speEcime
on a Mettler balance. Since the weight of the foil is a function of its area, we could calculate
the ESA of each unionid using the following ratios:

ESA/wt. of foil covering ESA = area of measured foil/wt. of measured foil

RESULTS

1991 epizoic invertebrates~Current velocities at our Dubuque sampling site, measured at
several points with a meter held slightly below the air-water interface, were between 50
75 cm/sec. Seven species were represented among the 10 unionids collected: :49
plicata, Anedonte grandis {two specimens), Arddens confragosus, Fusconaia ebinia
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ABLE 1 —The effective surface area (ESA). epizoic invertebrate abundance (number of individuais)
ensity (numbers/m? of snionid ESA), and number of invertebrate taxa, per individual snionid,
samples collected from the upper Mississippi River on 12 July 1991 and 2 October 1992, Total
nvert, = tofl invertebrates, 1., all epizoic invertebrates. Results for two of the predominant compo-
nents of fewal invertebrates, hydropsychid larvae and chironomid larvae, are also shown. “Others”
ndicates those invertebrates which were not hydropsychid larvae or chironomid larvae, s = standard
deviation; max. = maximung, min. = minimam

Invertebrate abundance

Hydro- Chiro- Total
ESA Total psychid nomid nvert,
{om) invert, larvae farvae Others density
1991
64.7 74.4 50.6 15.9 7.9 9564
48.6 86.9 65.1 16.6 10.2 6571
164.9 277 214 49 22,988
11.5 3 2 1 583

55.6 6367
224 . 3703
49.2 5 15,024
28.4 k 2367

Obliquaria reflexa (two specimens) and QGuadrula guadrula (two specimens). Mean FSA per
unionid equaled 64.7 cm? (Table 1).

A Fusconaia flava specimen (with an FSA of 120.5 cm?®) supported a total of 277 inver-
tebrates, mmclading 214 hydropsychid caddisflies and 49 chironomid iarvae. The epizoic
density on this bivalve equaled 22,988 invertebrates/m?. Epizoic abundance among the
collected unionids varied; 277 was the highest number of epizoic invertebrates on one
unionid (and produced the highest density), another untonid was colonized by only three

. invertebrates (density = 583 invertebrates/m?) (Table 1). The mean number of epizoic
invertebrates per unionid equaled 74.4 (mean density = 9564 epiroic invertebrates/m? of
unionid ESA),

The 277 epifaunal invertebrates collected from the specimen of Fusconaia fluva repre-
sented 14 distinct taxa. While another unionid with fewer invertebrate colonists (121 indi-
viduals) supported an even larger number of epizoic taxa (16), the unionid with three
invertebrate colonizers had only wo epizoic taxa (Fig. 1). A total of 27 epizoic invertehrate
taxa were present on the 10 unionids,

Caddisfly larvae belonging to the family Hydropsychidae and chironomid (Diptera: Chi-
ronomidae) larvae dominated the 1991 invertebrate collections {Tables 1 and 2). Of the
ol 744 epizoic invertebrates collected from the unionids, b6 individuals (68%) were

- hydropsychid larvae and 159 (21%) were chironomid larvae. Slightly over half of the hy-
dropsychids present on the shells were early instars, and were identifiable only to family
{Table ). The later instar hydropsychids were members of three taxa: in order of abun-

3 Hydsopsyche orris (81% of the later instar larval hydropsychids), Poiamyia flava

oy-and Cheumatopsyche sp. (12%).

Dur 1981 epizoic collection included a total of 10 chironomid taxa. The five most com-
taka were members of the Thienemannimyia group (gr.} (28% of the larval chiron-
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Fri;. | —Effective surface area and number of epizoic invertebrate taxa on unionids coliected from
the upper Mississippi River. Data from the collection made on 12 July 1991 from Pool 12 near Dubuque,
Lowa, are represented by crosses; data from the collection in Pool 8 on 2 October 1992 are represented .
by triangles. Correlation analysis of effective surface area and number of epizoic mxa for the 199
results generated an v = G.78, P = 0.008; r* = 0.61. I 1992 r = 0.77, P = 0.001; 1 = 060

omids collected), Polypedilum convictum (26%), Microtendipes pedellus gr. (21%). Polypedil
um scalaenum gr. {(11%} and Rheotanylarsus sp. (9%) (Table 21, Fach of the remaining fi
taxa made up approximately 1% of the chironomids present and were represented by onl
one or two individuals.

The planarian, Dugesia tigring, was relatively common on the unionid shells {a mean of:
2.5 per unionid were collected). Other nonhydropsychid, nonchironomid invertebrate
found living epizoically, but in small numbers, included the epidarian Fydra, three olign”
chaete taxa, a leech, the isopod Caecidotea, water mites, the mayflies Caenis sp. and Steno-
nema terminatum, the riffle beetle Stenelmis sp., the dipteran Hemerndromia sp. and the’
fingernail clam Musoulium transversum.

We used the Pearson product-moment correlation coefficient (1) to determine if sign
icant correlations existed between invertebrate abundance and unionid surface area (ESA
for the 10 unienids collected in 1991. Total invertebrate abundance, as well as s principa
constituents—hydropsychid larvae and chironomid larvae—all showed strong, p(}smw: s
relations with unionid ESA (Table 3, part A).

1992 epizoic inveriebrates—The unionids sampled in 1992 were dominated by A
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BLE 2i—Taxonomic conmposition of the more common epizoic invertebrates present on unionids

colledted from the upper Mississippi River on 12 July 1991 and 2 October 1992, Mean number per

mid, percentage abundance of that taxon for the 1991 or 1992 collection, and percent frequency

f peeirrence (Freq.} [(no. of unionids in which the taxon occurred/total no. of unionids callected)

<1001 for the wo collections are shown. Absence of an entry in the columns indicates ¢har the taxon

was not collected on that date. See Appendix for a complete listing of the epizoic wxa collected on
‘the fvo sampling dates

1651 1992

Percent Freq. Percent freq.
Taxon Mean  abundance (%) Mean  abundance (%)

25 3.4 30 .6 1.6

0.8 2.2
0.8
0.4 1.1
fais s 05 15
Enchytracidae 0.5 1.8

G.3

EPHEMEROPFTERA
Caenis sp. . . 1.5
TRICHOPTERA (Larvae)
Hydropsyehidae
Chewanatopsyche sp.
Hydropsyche orris
Potamyia flava
Hydropsychidae ei?
Other Farnilies
Hydroptila weubesiana
Nectopsyche sp.
Leptoceridae ei
TRICHOPTERA (Pupac)
_ DIPTERA
" Empididac
Hemerodromia sp,
Chironomidae
Chivemomus sp.
Glyptotendipes v, lobiferis
Microtendipes pedellus gr. %4 4.6 80
Polypedilum conictum 4.1 55
o Polypedilum scalaerum gr. i8 2.4 60 0.1
Rbgotanytarsus sp. i4 1.9 60
Thieneinannimyia gr. 4.5 6.0 100 0.1

T, tub. w/o cap. = immature wbificids without capilliform chaetae
early instar, nov idensfiable beyond the indicated fevel
“group, a complex of morphologically similar species or genera
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TapLe 3.—Carrelation analyses of epizoic invertebrate abundance or density and effective’s
areas {ESA) of unionids coilected from the Mississippi River. Total invertebrates = all the epizo
invertebrates collected

A, Invertehrate abundance; 1991 samples: analysis includes all unienids collected

Vartables: Inverrebrate abundance and unionid ESA

Statistic Toral Elvedropsychid Chironomid
{n = |0) invertebrates farvae jarvae

r 0.78 0.75 0.81
¢ 0.61 0.54 .66
P 0.008 0.016 0.004

B. Invertebrate abundunce; 1992 samples; analysis includes all unionids collected

Variakles: Invertebrate abundance and unionid ESA

Statistic Testal
fn = 15) invertebrates Chironomid larvae

¥ .64 (.57
r? 0.40 0.32
P 0.011 027

C. Invertebrate abundance; 1992 samples; analysis includes only the species Amblema plicata
Variables: Invertebrate abundance wnd unionid ESA

Sratistic Total Chironomid
(n=9 invertehrates farvae:

0.52 0.51
12 0.27 0.26
P 0.147 0.162

[} Invertebrate density; 1991 samples; analysis includes all unionids collected

Variables: Invertebrate density and unionid ESA

Statistic Total Hydropsychid Chironomid
(n = 10} invertebrates tarvae tarvae

r (44 6.40 0.27
r? .19 G.16 0.07
P 207 .257 0.458

¥. Invertebrate density; 1992 samples; analysis includes all unionids collected

Variables: [nvertebrate density and unionid ESA

Staistic Total
{n = 15) invertebrates Chironomid larvae

r 0.17 .19
r* 0.03 6.04
P 0.540 0.500
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ficata, which made up mine of the 15 unionids collected. The other unionids coliected
were four Quadrule quadrula, and one specimen each of Pusconaia fava and Potamilis
“alatus. Current velocities wt the collection site near Crosby Slough were much less than
those of the 1991 collection site. Although some current was apparent at the 1992 site, its
velocity was less than 10 am per sec.

Chironomid larvae were the numerical dominants on the unionids collected near Croshy
Slough, rather than the hydropsychid larvae which were so abundane in the samples col-
lected near Dubuque in 1991 (Table 1). Chironomid larvae made up 66% of the epizoic
invertebrates in 1992, The specics composition of the Chironomidae in 1992 was dissimilar
from that collected in Dubuque. Glyptotendipes nr, lobiferus, a species not even present in
the 1991 collections, contributed 87% of the chironomid larvae collected in 1992 and made
up 57.5% of all the epizoic invertebrates (Tahle 2).

Only a single hydropsychid caddisfly farva was present in the 1992 collections; instead,

larval caddisflies in the families Hydroptilidae, Leptoceridae and Polycentropodidae were
present {Table 2}. Hydroptile waubesiona and Neclopsyche sp. were especially common.
" Oligochaetes joined chironomid and caddisfly farvae as numerical dominants in the 1992
coliection of epizoic invertebrates, making up 10% of the epizoic fauna, Three oligochaete
families were present, including the Enchytraeidae, Tubificidae and Naididae. Naidids were
especially diverse on the unionids, with seven species present. Caenis sp., Dugesia tigrina
and larval Hemerodromia were also relatively common (Tabie 2).

Considerable variability in epizoic abundance was evident again in 1992; the maximurm
number of invertebrates collected from a single unionid was 98, while only eight inverte-
brates were collected from the shell surface of another unionid {Table 1}. The mean num-
ber of invertebrates per unionid equaled 36.7 in 1992, with a racan density of 6367 epizoic
ivertebrates/m® of unionid ESA (Table 1), Mean ESA for the 1992 collection equaled 5.6
c®. Again in 1992, a positive correlation existed between total invertebrate abundance, as
well as its principal constituent, larval chironomids and unionid ESA {Table 3, part B).

A total of 39 epizoic raxa were present on the 15 unionids collected in 1992, The maxi-
munt number of taxa present on a single unionid equaled 17 (Fig. 1), the minimum num-
ber was four, with the mode and median both equal to eight.

Unionid areas and number of epizoic invertebrale laxa—Since the unionids were each
distinct entities, we could view them as “istands in the stream.” Fn the 1991 collection the
largest unionid had an ESA that was approximately 14 times that of the smallest (ESA_
= 164.9 cm® ESA_ . = 115 ¢n®), and number of epizoic invertebrate taxa varied from a
minimum of two taxa tw a maximum of 16 (Fig. 1). In 1999 the largest ESA of the unionids
was about three times that of the smallest (ESA,,, = 99.2 cm?, ESA,.. = 284 cm®), and
the pumber of taxa per unionid varied from a minimum of foar 1o a maximum of 17 taxa
(Fig. 1).

We used correlation analyses to determine if ESA and number of epizoic taxa were re-
lated. Tn both 1991 and 1992 a strong positive correlation existed between the size (ESA)
of the upionids and the number of taxa that had colonized them (r = 0.78 in 1991, r =
0.77 in 1992; Fig. 1). Therefore, ca. 61% (1) of the variabiliey in the number of epizoic
- taxa in 1991, and 60% in 1992, was explained by the effect of ESA.

Discussion

“The total of 53 epizoic invertebrate taxa collected from the unionids over the two sam-
oceasions demonsirates their importance as substrates for epibenthic organisms. Hu-
tivities have dramatically increased the amount of hard surfaces in large rivers of
ssissippi River drainage. The revetting of i anks with riprap or articulated con-
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crete mattress, and the placement of rock dikes (called wing dams in the UIMR), lock
dam structures, and buoys in river channels have provided additional hard surfaces whi
are also colonized by epibenthic invertebrates. Before these artificial structures were added
to rivers, the surfaces of snags, larger pieces of gravel, and unionids such as those inves
gated in this study sufficed as the available hard substrates,

The composition of epizoic invertebrates collected at the fast current site (Dubughe—
1991} was clearly dissimilar from that collecied from the sfower waters of Croshy Slough in
1992; ez, hydropsychid caddisflies dominated the 1991 collections but were almost com-
pletely absent from the 1992 samples (Tables 1 and 2). The dominance of hydropsychid
caddistlies in fast current areas in large rivess and their absence from slow current areas is
consistent with studies of hydropsychids in the UMR {Fremling, 1960), in artificial streams
(Edington, 1968; Philipson, 1969) and in 2 small natoral stream {Fdingion, 1968). Eding-
ton (1968) placed a batfle in a4 small stream, creating a reduced current. Counting the
hydropsychid larvae before and after placement of the baffle, he observed a reduction from
125 to four larvae i a 0.19 m? (2 1) region behind the baffle in 43 h. In an experiment
in the Ohio River, a Iarge river of the Mississippi River drainage, Beckett and Miller {1982)
showed that Hydropsyche orris larvae (the most common hydropsychid species on the UMR
unionids collected in the present study) were abundant on hard substrates in fast currents,
but were almost completely absent from identical substrates in slow current. Two of the
most common chironomid taxa collected from the unionids in the strong current at Du-
buque, Polypedilum convictum and Rheotanytarsus sp., were also shown in the Ohio River
experiment to be much more abundant on substrates in fast water than on surfaces in slow
current (Beckett and Miller, 1982), Neither of these two chironomid species was present
on the unionids collected in Crosby Slough’s slack waters; instead, the chironomid Glypto-
tendipes nr. lobiferus was an overwhelming dominant, Interestingly, two of us (DCB and SAT)
identified chironomid larvae collected in scrapings made in 1991 from the bottoms of hoats
moored in harbors in the UMR (part of a zebra mussel monitoring program); abmost all
of the larvae were G. nr. lobiferus. It is apparent that this chironomid species abundantly
colonizes hard surfaces in slack current situations, regardless of whether the surface is the
exterior of a unionid or a boat. The composition of the unionid epizoic fauna is therefore
largely a function of the eurrent velocities surrounding the unionids, .

The unionid epifauna is not restricted to unionids, since these epizoic invertebrates cag
also be found on rocks, buoys, artificial substrates such as multiplate samplers (Beckett and
Milier, 19823, and even boat hulis, However, this lack of faunal unigueness does not dimi
ish the importanee of unionids as epibenthic substrates. As stated earlier, unionids have
historically been a primary source of hard, clean substrate for epibenthic animals in our
largest rivers, and still provide a large amount of permanently inundated, stable substrate.
In rivers with sand or silt bottoms and little or no artificial hard substrates, unionids and
snags provide the only appreciable large hard subsirates.

The variation in abundance of epizoic invertebrates among unionids is largely a functon
of the amount of available surface area (ESA). ESA accounted for 61% (r2, see Table 3, part
A} of the variability in to1al invertebrate abundance in 1991 and 40% {Table 3, part B} in
1992, Other factors that may account for the remaining variability inctude the heterogeneity
in the shelis” contours (some unionid species have pustulose shells, some have ridges and
some are fairly smooth), the orientations of the unionids (some individuals are tilted lat-
eratly more than others), and the localized effect which may be exerted on current velocities
near unionids by other bivalves immediately upsiream. Since nine of the 15 unionids col:
lected in 1992 were Amblema plicata, we did a corrclation analysis between ESA and inverd
tebrate abundance for only those nine animals, Such an analysis would keep shell contour
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onstant,” and might result in an improvement in 1 and r2. However, this analysis did not

prove these statistics, In fact, 1 was less than it had been for the analysis which considered

e umonids, wnd was no longer significant at the 0.05 level (Table 3, part C}. In this

e, therefore, holding shell contour constant did not enhance the accounting for the
variability in invertebrate abundance.

‘Since invertebrate abundance and ESA were strongly correlated in both years, it seemed
possible that invertebrate density and ESA could be correlated as well, For example, since
some unionids had smali surface aveas, perhaps arriving imvertebrates (via drift) might have
packed themsetves in more densely, Conversely, it could be hypothesized that unionids with
larger ESAs might have a denser epifauna since they tended to have larger overall surface
areas and volumnes, and would have dug deeper into the substrate; hence, they would be
- more stable during periods of faster currents associated with elevated river discharges. How-

ever, correlation analyses of ESA and total invertebrate density and its principal elements

(hydropsychid caddisfly farvae and chironomid larvae in 1991 and chironomid larvae in

1992) revealed no significant relationships (Table 3, parts D and E). Therefore, although
imvertebrate abundance and ESA were correlated, invertebrate density and ESA were not.

- The strong positive correlations between unionid surface area and number of epizoic

invertebrate taxa (Fig. 1) are in accord with istand biogeography theory {MacArthur and
Wilson, 1967, see also Beeby, 1993, and Colinvaux, 1993}, which postulates a positve rela-
tionship between island size and species richness. In island biogeography theory the equi-
librium number of species on an island is a function of the size of the istand and the
distance of the island from the source of its colonists, In our study the effect of distance
was nuiliied (within cach sampling effors) since all of the unionid iskands were essentially
equidistant from the two possible colonization sources: (1) adult female insects swimming
down from the surface and oviposiing on a unionid with subsequent instar development
taking place on the same unionid, and more likely (2) invertebrates drifting onto the union-
ids from upstream. A massive number of drifting invertebrates continuously pass over riv-
erine mussel beds {e.g., approximately 400-500 million macroinvertebrates drift past a line
_across the lower Mississippi River per day, Beckett and Kasul, 1987) and hence no unionid
is more distant from the colonization source than another. (rur results are in zccord with
the theory that larger islands should have more species (taxa in our study) because they
are ‘bigger targets for immigrants and because extinction rates are lower on them. Certainly,
larger unionid islands should be “hit™ and then colomized more often by drifting inverte-
brates. In addition, since smaller unionid islands have fewer eolonists, it is more likely that
an individual emigratng (rejoining the drift) will cause that taxon to be lost (“become
extinct”) from that island.

At present the infestation raie of unionids by zebra mussels in the UMR above s con-
fluence with the Hlinois River remains low. In 1992 a sampling of unionids in Pools 4 and
13 of the UMR showed that only ca, 1% of the unionids had zebra mussels attached {Tucker
el al., 1993). Unfortunately, the percentage of unionids with attached zebra mussels appears
to have increased in the UMR from 1992 1o the present. In addition, the colonizaton of
unionids by very large numbers of zebra mussels in portions of the IHinois River {K. D.

* Blodgett, pers. comm.) indicates that unionids in riverine habitats may be just as vulnerable
t0 zebra mussels as they have been i the lacustrine habitats of Lake St. Clair and Lake
ie. Schloesser and Kovalak's (1991} report of a mean density of 8777 attached zebra
%els per unicnid in a power plant’s intake canal near Lake Erie indicates the potential

ts of zebra mussels on the unionids and their epizoic fauna. Similar mean densities of
mussels (5406 zebra mussels per unionid) have been observed in parts of Lake St
Hebert of al, 1991). Our study of epizoic fauna may have been very timely since a
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massive colonization of unionids by zebra mussels may soon take place in North America
large rivers. Such an invasion would drastically alter the epizoic community on unicmids
These alterations in the epifauna would occur first through competition between the nativ
epizoic fauna and Dreissena for space and food, and ultimately, if the example of Lake 8t
Jlair is followed (Hunter and Bailey, 1992), by virtual elimination of the unionid hosis.
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APPENDIY

A listing of all the taxa, and aumber of individuals in each taxon, present on the ten unionids
collected in 1991 and the fifteen usionids collected in 1992 from the upper Mississippi River.

1991. CNIDARIA: Aydra sp.—4; TURBELLARIA: Dugesia tigrime—20; OLIGOCHAETA: Naididae: Naws
behningi—], unidentified naidid—1, Tubificidae: Limnodrilus hoffmeisteri—1, Limnodrilus udekepn-
anus—!, immature tubificids without capiliiform chaetae—2, Hirudinea (very small)-—1; ISOPODA;
Caecidotea sp.—1; HYDRACARINA-T7, EPHEMEROPTERA: Caenis sp.—4, Stenonema terminatum—3,
unidentified early instar Ephemeroptera—2; TRICHOPTERA: Cheumatopsyche sp.—28, Hydropsyche or-
ris—148, Potamyia flave—~&5, early instar hydropsychid larvae—267, Neotrichia sp.—1, Neotrichin pupa-—
1, wichopteran pupae—i4; COLEOPTERA: Stenelnis sp. {larva}—1, early instar elmid larva—2; DEP-
TERA: Empididae: Hemerodromia sp.——1, Chironomidae: Ablabesmyia rhamphe gr—13, Cryptochivonomus
sp-l, Microtendipes pedellus gr—34, Nanocladius distinctus—2, Nanocladius nr. rectinervis—1, Nano-
eladius sp. (early instar}—1, Parachironomus sp.—1, Polypedilum convictum-—41, Polypedilum scalgenum
ar—18, Rheotanylarsus sp—34, Thienemannimyia gr—45; BIVALVIA: Musculivm transverswm—13, very
sinall bivalves-—3,

1992, TURBELLARIA: Dugesia tigring—9; OLIGOCHAETA: Naididae: Nas fretscheri—2, Nais commu-
nis—1, Nats pardalis—12, Nais simplex—=8, Nois voriabilis—8, Pristine foreli—2, Pristina osborni—1,
Tubificidae: Limnedrilus mavumeensis—1, Limnodrilus udekemianus—2, immatare tubificids withous cap-
illiform chaetae—12, Enchytracidac—7, unidentified oligochaete—I1; Hirudinea: Flacobdelle ornaig
1; HYDRACARINA—4; EPHEMEROPTERA: Caznis sp.—322, TRICHOPTERA: Cyrnellus fraternus—1,;
Hydropsyche orris—1, Hydroptila woubesiana—28, Hydroptila sp.—1, Orthatrichic sp.—2, Nectopsyche
sp~18, Leptoceridae early instars—?7, Polycentropus sp.—I1, early instar trichopteran iarvae—27; € ]
LEOPTERA: Stenelmis sp. (larva)—1, Stenelmis sp. (adultj—1; DIPTERA: Empididac; Hemerodromig
sp—6, Chironemidae: Chironomus sp—7, Cladotanytarsus mancus gr——4, Cryplochironomus sp—a, Di
crotendipes nodestus—2, Dicrotendifies neomodestus—4, Dicrotendipes simpsoni—2, Endochironomus sp—
2, Glyptotendipes nr. lobiferus—317, Nanodadius distinctus—1, Parvachironomus pectinatellae—1, Parachs-
vomomis monochromus—5, Paratanytarsus sp.—1, Polypedilum halterale gr—4, Polypedilum sceloerum
gr—2, Procladius sp.—1, Thienemannimyia gr—1, early instar Chironomini-—5, early instar QOrthocla-
diinae—2, early instar Chironomidae—1i.
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