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Ecological resistance to the invasion of a freshwater clam, 
Corbicula tluminea: fish predation effects 

James V. Robinson and Gary A. Wellborn* 
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Summary. Fish predation is shown to have a twenty nine 
fold effect on the abundance of the invasive freshwater 
clam, Corbiculafluminea, in a Texas reservoir. This preda- 
tion has prevented the clam from establishing the high den- 
sities commonly reported for it elsewhere. The high magni- 
tude of the fish effect is attributed to Corbicula being an 
invader to this reservoir and not being able to cope well 
with the mix of resident fish species. In the absence of fish, 
colonization of the reservoir by Corbicula is spatially 
patchy. When fish interact with these clams, they remove 
sufficient numbers of individuals from dense patches to 
create the appearance of a spatially uniform distribution. 
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Corbicula fluminea is a freshwater clam, indigenous to 
Southeast Asia, which has successfully invaded many North 
American habitats where it often developes population den- 
sities greater than 1000 clams/m 2 (McMahon 1983). It has 
become widely established in north Texas during the past 
20 years, but as recently as 1977 was not sampled from 
Fairfield Reservoir, Freestone County, Texas (Oliphint 
1977). Since 1977 low densities of these clams have become 
established in this reservoir. Because Corbicula are highly 
fecund (estimates range from 8000 to 69 000 juveniles/indi- 
vidual/year; Heinsohn 1958; Aldrige and McMahon 1978) 
these low densities reflect hindrance by the physical or bio- 
logical environment. This research evaluates whether fish 
predation may be significantly resisting the invasion of this 
species in this reservoir. 

Fish predation has been shown to affect many facets 
of freshwater communities including: the relative abun- 
dance patterns of aquatic insects (Hall et al. 1970; Crowder 
and Cooper 1982; Bohanan and Johnson 1983; Morin 
1984a, b) and plankton (Hall et al. 1970; Zaret 1980), the 
structure of aquatic food webs (Gilinsky 1984), the intra- 
pond and interpond distribution of insects (Wilson 1917; 
Kime 1974; von Ende 1979; Johnson and Crowley 1980; 
Cooper 1984) and the behavior of aquatic prey (Stein and 
Magnuson 1976; Williams and Moore 1982; Werner et al. 
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1983). No experimental data exist regarding fish effects on 
freshwater bivalves. 

The potential for significant fish effects on Corbicula 
has been alluded to by several researchers (Richardson et al. 
1970; Rinne 1974; Dreier 1977; Morton 1979). Stomach 
content analyses indicate that the following fish have eaten 
Corbicula: carp, Cyprinus carpio (Sinclair and Isom 1963; 
Rinne 1974; Dreier 1977); smallmouth buffalo, Ictiobus bu- 
balus (Minckley et al. 1970; Rinne 1974); black buffalo, L n- 
iger (Minckley et al. 1970; Rinne 1974); warmouth, Lepo- 
mis gulosus (Turner 1966); bluegill, L. macrochirus (Turner 
1966); redear sunfish, L. microlopus (Sinclair and Isom 
1963; Britton and Murphy 1977); freshwater drum, Aplo- 
dinotus grunniens (Sinclair and Isom 1963; Britton and 
Murphy 1966; Dreier 1977); American shad, Alosa sapid- 
issima (Stevens 1966 a); striped bass, Roccus saxatilis (Ste- 
vens 1966b); river redhorse, Moxostoma carinatum (Hack- 
ney et al. 1970); channel catfish, Ictalurus punctatus (Sin- 
clair and Isom 1963); blue catfish, L furcatus (Sinclair and 
Isom 1963; Grantham 1967); and sturgeon, A cipenser sp. 
(Ingram 1959). 

Many researchers have suggested that ecological com- 
munities differentially resist invasion (Elton 1958; Robin- 
son and Valentine 1979; Roughgarden 1979; Robinson and 
Dickerson 1984; Diamond and Case 1986). Relevant data 
have been used primarily to determine if this resistance can 
be ascribed to competition (Nevo et al. 1972; Crowell 1973; 
Levins and Heatwole 1973; Cole 1983; McLachlan 1985; 
Moulton and Pimm 1986); however, predation may also 
be significant (von Ende 1979). The biota of Fairfield Reser- 
voir includes several fish species which have been reported 
to have eaten Corbicula in other habitats (Table 1) and a 
very sparse molluscan fauna (Oliphint 1977; Wellborn and 
Robinson, unpublished work); this is consistent with the 
hypothesis that fish predation may be a constraining factor 
preventing this invader from establishing high population 
density. 

If predation is important, Corbicula may have histori- 
cally evolved predator avoidance mechanisms to reduce its 
susceptibility. Burrowing is likely to reduce predation (Ed- 
munds 1974) as well as provide other advantages to Corbi- 
cula (e.g., it might minimize undesired movement in times 
of flood). Sih (1987) states that adopting a "coexisting in 
hiding" strategy is potentially costly to prey because they 
may lose opportunities to feed or mate. He further suggests 
that many burrowing molluscs may be paying this high 
cost of predator avoidance. It is not clear whether this price 
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Table 1. List of fish species collected from Fairfield Reservoir 
(adapted from Hanifen 1981) 

Family and scientific name Common name 

Lepisosteidae 
Lepisosteus oculatus (Winchell) 
Lepisosteus osseus (Linnaeus) 
Lepisosteus spatula Lacep~de 

Amiidae 
Amia ealva Linnaeus 

Clupeidae 
Dorosoma cepedianum (LeSueur) 
Dorosoma petenense (Gunther) 

Esocidae 
Esox americanus vermiculatus LeSueur 

Cyprinidae 
* Cyprinus carpio Linnaeus 

Notemigonus crysoleucas (Mitchill) 
Notropis lutrensis (Baird and Girard) 
Pimephales vigilax (Baird and Girard) 

Catostomidae 
Carpiodes carpio (Rafinesque) 
Erimyzon oblongus (Mitchill) 

* Ietiobus bubalus (Rafinesque) 

Ictaluridae 
Ictalurus melas (Rafinesque) 
Ietalurus natalis (LeSueur) 

* Ictalurus punetatus (Rafinesque) 
Noturus gyrinnus (Mitchill) 
Pylodietis olivaris (Rafinesque) 

Cyprinodontidae 
Fundulus notatus (Rafinesque) 

Poeciliidae 
Gambusia affinis (Baird and Girard) 

Atherinidae 
Morone chrysops (Rafinesque) 
Morone chrysops X M. saxatilis 

(Walbaum) 

Centrarchidae 
Lepomis eyanellus Rafinesque 

* Lepomis gulosus (Cuvier) 
Lepomis humilis (Girard) 

* Lepomis maerochirus Rafinesque 
Lepomis megalotis (Rafinesque) 

* Lepomis mierolophus (Gunther) 
Lepomis punctatus (Valensienciennes) 
Mieropterus salmoides (La Cep+de) 
Pomoxis annularis (Rafinesque) 
Pomoxis nigromaeulatus (Le Sueur) 

Percidae 
Etheostoma gracile (Girard) 
Percina caprodes (Rafinesque) 

Sciaenidae 
* Aplodinotus grunniens Rafinesque 

Sciaenops ocellatus (Linnaeus) 

Cichlidae 
Tilapia aurea (Steindachner) 

Spotted Gar 
Longnose Gar 
Alligator Gar 

Bowfin 

Gizzard shad 
Threadfin shad 

Grass pickerel 

Common carp 
Golden shiner 
Red shiner 
Bnllheadminnow 

River carpsucker 
Creek hubsucker 
Smalhnouth buffalo 

Black bullhead 
Yellow bullhead 
Channel catfish 
Tadpole madtom 
Flathead catfish 

Blackstripe topminnow 

Mosquitofish 

White bass 
Hybrid bass 

Green sunfish 
Warmouth 
Orangespotted sunfish 
Bluegill 
Longear sunfish 
Redear sunfish 
Spotted sunfish 
Largemouth bass 
White crappie 
Black crappie 

Slough darter 
Logperch 

Freshwater drum 
Red drum 

Blue tilapia 

* Indicates species has eaten Corbicula in other habitats 
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Fig. 1. Fairfield Reservoir and cooling pond. Shorelines sampled 
are indicated with X's 

is being paid by Corbicula which filter feeds while burrowed. 
However, if burrows constitute inferior feeding habitats, 
clams in burrows should grow slower than those on the 
surface. As part of  this research, we test whether Corbicula 
is paying a price in terms of  reduced growth (hence reduced 
fecundity) by burrowing rather than remaining in the sedi- 
ment surface. 

The main thrust of  our experiment centered on deter- 
mining if there was a short term direct effect of  fish preda- 
tion on Corbicula abundance. This was evaluated by estab- 
lishing fish exclusion cages in different reservoir locations. 

Methods 

During January 1986 a set of  24 wood frames were estab- 
lished in Fairfield Reservoir. Six frames were located on 
each of  4 shorelines; two of  these shorelines were located 
in a cooling pond for the Big Brown Steam Electric Gener- 
ating Station while the other two were in the main section 
of  the reservoir. The cooling pond is joined to the reservoir 
by a 2.5KM discharge canal (Fig. 1). Reservoir sites were 
4KM north of  where the canal enters the reservoir and 
were essentially unaffected by any thermal effluent. The 
4 shorelines were chosen so that they had similar depth 
profiles over a 4 m range extending from the shore; this 
profile was approximately linear dropping 0.3 m. The 
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frames were paired and the members of a pair were spaced 
2 m apart along the shoreline. Frames were constructed 
of 4 x 9 cm pine lumber. When viewed from the top each 
frame was 2 - 4  m with the long axis oriented perpendicular 
to the shoreline. The height of the frames was 0.3 m near- 
shore and 0.6 m farshore. The sides of one randomly chosen 
member of each pair were surrounded by 1.27 cm (= 0.5 in) 
mesh hardward cloth, leaving both top and bottom open. 
This mesh size is sufficiently large to permit passage of 
Corbicula veliger larvae which have shell lengths less than 
I mm (Doherty et al. 1987). The hardware cloth extended 
approximately 6 cm below the bottom frame support. All 
aquatic vegetation was removed from the area enclosed by 
the frames. To minimize between plot heterogeneity, this 
"vegetation-free" status was maintained throughout the 
duration of the experiment by the aperiodic removal of 
newly established vegetation. 

During February 1986 a set of 54 artificial plants were 
added to each pen (i.e. framed area). The plants were con- 
structed using 0.95 cm (=0.375 in) diameter, 1 m long steel 
rods. The steel rods were coated with rustproof paint. Fif- 
teen 0.64 cm diameter 60 cm long strands of polypropylene 
rope were tied at their midpoints to each rod, forming a 
30 strand configuration that together with the rod mim- 
icked aquatic vegetation. The steel stems were pressed into 
the substrate in a uniform pattern of 9 rows of 6 plants 
parallel to the shoreline. This grid of plants was centered 
within the pen so that plants within a row were separated 
by a distance of 0.19 m and the rows were separated by 
0.4 m. These plants were used to sample plant dwelling 
aquatic invertebrates (Wellborn and Robinson, unpub- 
lished work), but also served to create a drag against the 
water that was much more substantial than the drag created 
by the coarse mesh of the hardware cloth (the rope surface 
area was over 15 000 times the hardware cloth surface area). 
Plant dwelling aquatic macroarthropods were 11% more 
abundant in predator exclusion cages than in predator ac- 
cessible ones (Wellborn and Robinson, unpublished work); 
no comparative data were obtained for nutrients or algae. 

Two benthic samples were taken on each sampling date 
from each pen except for September when 4 samples were 
taken per pen. The positions of the samples were deter- 
mined randomly for each date but were the same for all 
pens on any date. Sampling involved removing a plant and 
collecting samples with an Ekman grab having a sampling 
area of 0.0529 m 2. Individuals from these samples were 
measured to the nearest ram. 

To assess the effect of burrowing on growth the follow- 
ing design was used. Four hardware cloth (0.64 cm mesh) 
enclosures 70 cm long, 5 cm wide and 15 cm high were di- 
vided into 12 chambers by hardware cloth panels; each 
chamber had dimensions 5 x 5 x 15 cm. Every other vertical 
chamber had a hardware cloth floor inserted 5 cm from 
the top. Two of each of these enclosures were situated in 
one of the open pens on each shoreline studied in the main 
reservoir. The enclosures were buried to a depth of 10 cm 
(i.e., even with the floors). Identically sized (+ or -0 .1  mm) 
pairs of Corbicula individuals were added to adjacent 
floored and unfloored chambers from above on 12 October 
1986. Therefore one member of each clam pair was free 
to burrow while the other was constrained to the sediment 
surface by the floor. On 14 November 1986 the enclosures 
were collected and each individual was measured to the 
nearest tenth of a ram. 

Results 

Two thousand six hundred five Corbicula individuals were 
collected from predator exclusion cages during this study 
while only 93 individuals were collected from predator ac- 
cessible habitats; this corresponds to a 29:1 ratio. Both 
type habitats were sampled with equal intensity during six 
separate time intervals: 27 30 May 1986, 28-29 July 1986, 
7 September 1986, 9-10 December 1986, 2-3 January 1987 
(cooling pond only), and 2-3 March 1987 (main reservoir 
only). 

Temperatures at the 2 reservoir sites were undistinguish- 
able, as they were at the 2 cooling pond sites. The cooling 
pond sites were significantly warmer (P<0.01) than reser- 
voir sites. This temperature difference was biologically sig- 
nificant, especially during summer months, when high air 
temperature combined with increased heated effluent (due 
to higher energy demands placed on the electrical generator) 
sufficiently raised the cooling pond temperatures to a point 
(42 C maximum) which killed all resident macroinverte- 
brates. No live Corbicula were observed in the cooling 
ponds during July or September sampling, and greatly re- 
duced numbers were found in December and January. Be- 
cause of this, abundance patterns were analyzed separately 
for the cooling pond and main reservoir (Table 2). 

The experimental design employed was a replicated 
(i.e., separate Ekman grabs) randomized complete block 
ANOVA. Blocks consisted of the paired frames, and acces- 
sibility to predators constituted the treatment. The results 
of this analysis are presented in Table 3. The effect of preda- 
tion in the main reservoir can only be understood in the 
context of its interaction with site for the first 4 sampling 
periods; no significant interaction between site and preda- 
tion occured in March 1987 but at this time there was a 
significant effect of predation alone. In the cooling pond, 
a significant interaction exists between predation and site 
in the May sample which was taken prior to the extreme 
summer temperature increase. The December sample which 
was taken after the temperature in the cooling pond had 
dropped below 30 C had a significant site effect but insigni- 
ficant predation and interaction effects. By January, a sig- 
nificant interaction between predation and site once more 
existed in the cooling pond. 

Ecological insight can be gained by further considera- 
tion of the interactions between predation and site. Sokal 
and Rohlf (1981 ; page 329) state that reporting the individ- 
ual effects of factors has little value if a significant interac- 
tion exists between them. The abundances of these clams 
in these pens are primarily the result of dispersal of young 
and their subsequent survival. For predation to exert an 
important effect, clams must first colonize the sites. If  the 
abundances of colonizing clams are significantly different 
between sites and fish remove most of the clams accessible 
to them, then the ANOVAs performed would be expected 
to indicate a significant predator X site interaction. The 
hypothesis of uneven colonization among sites was tested 
by performing a one way ANOVA on the abundances of 
clams in predator exclusion cages (Table 4). This indicates 
that when predators are excluded, colonization (i.e. abun- 
dances) of clams is very site dependent on all sampling 
dates except March 1987. When a similar analysis is per- 
formed on abundances in predator accessible frames, no 
significant effect of sites exists. These results indicate that 
dispersal and subsequent establishment of Corbicula in the 



448 

Table 2. The average number  of Corbicula per Ekman Grab collected in each experimental pen at each site on each sampling date 

Dates Main Reservoir 

Open pens Closed pens 

sites sites 

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

May 1986 0.0 0.0 0.0 1.0 1.5 1.0 3.5 1.0 19.0 1.0 71.0 246.5 
July 1986 0.5 1.5 0.0 1.5 0.0 1.0 0.5 4.5 12.5 0.0 87.5 10.0 
Sept 1986 1.0 1.0 0.0 1.0 2.0 1.0 6.5 5.0 9.0 8.5 56.0 50.5 
Dec 1986 0.5 0.5 0.5 1.0 1.5 0.5 6.0 8.5 10.5 3.5 93.0 0.0 
Jan 1987 . . . . . . . . . . . .  
Mar  1987 1.0 0.5 0.5 0.0 2.0 0.5 1.0 6.0 6.0 1.0 29.5 32.5 

Dates Cooling pond 

Open pens Closed pens 

sites sites 

7 8 9 10 11 12 7 8 9 10 11 12 

May 1986 2.0 1.5 1.0 1.0 2.0 3.0 19.5 17.0 34.0 41.5 118.5 63.0 
July 1986 . . . . . . . . . . . .  
Sept 1986 . . . . . . . . . .  
Dec 1986 0.0 0.0 0.0 0.5 2.0 2.5 0.0 0.0 0.0 0.0 1.0 10.5 
Jan 1987 0.0 0.0 0.5 0.0 1.0 0.0 0.5 0.0 0.0 2.5 0.5 8.5 
Mar 1987 . . . . . . . . . . .  

Table 3. Results of ANOVA's  performed for different sampling dates to evaluate the effects of predator accessibility and site on Corbicula 
abundances.  All data were t ransformed ] / (X + 1). Data  are tabulated in Table 2 

Date F-values 

Main Reservoir Cooling pond 

Predation Site Interaction Predation Site Interaction 

May 1986 3.91 ns 9.18"** 8.30** 33.40** 5.17"* 4.47* 
July 1986 3.62 ns 7.33** 12.71"* - - 
Sept 1986 14.38" 9.50*** 9.85** - - - 
Dec 1986 6.26 ns 16.48'** 10.68"** 4.19 ns 6.30** 1.50 ns 
Jan 1987 - - - 1.63 ns 7.94** 10.59"** 
Mar 1987 7.62* 1.20 ns 0.54 ns - - 

* P < 0 . 0 5 ;  ** P < 0 . 0 1 ;  *** P<0.001 
ns = not significant 

Table 4. Results of  ANOVA's  performed for different sampling 
dates to evaluate the effect of  site on Corbicula abundances in 
main reservoir closed and open pens. Data  were transformed 
(X]/(]/(]/(]/(]/(]/~. Data  are tabulated in Table 2 

Date F-values 

Open pens Closed pens 

May 1986 1.38 ns 8.85** 
July 1986 0.47 ns 197.12"*** 
Sept 1986 1.10 ns 11.24"*** 
Dec 1986 0,75 ns 48.72*** 
Mar 1987 0.34 ns 1.02 ns 

** P < 0 . 0 1 ;  *** P<0.001 ; **** P<0.0001 
ns = not significant 

TableS. Size distribution of clams collected from open and closed 
pens in the main reservoir, throughout  the experiment's duration 

Size category Number  of clams 
(mm) 

Open pen Closed pen Total 

< 5  12 656 668 
5 9 11 432 443 

10-14 10 632 642 
> 15 18 225 243 

Total 51 1945 1996 

G=20.04 ,  P<0 .01  
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Fig. 2. Size categories of clams collected from the main reservoir 
during each sampling period 
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Fig. 3A~ B. Abundance estimates of 1986 cohort of Corbicula indi- 
viduals/grab in A predator inaccessible pens, and B predator acces- 
sible pens. Data are means (_ ISE) 

absence of predation is spatially patchy. Predation serves 
to crop individuals from abundant patches, producing the 
appearance of a spatially uniform dispersal pattern. 

When the size pattern of main reservoir individuals col- 
lected from closed pens is compared to the pattern from 
open pens using a 4 x 2 contingency table analysis (Table 5), 
size pattern is shown to be dependent on predator accessi- 
bility ( G =  20.04, P <  0.001). To appreciate these patterns 
several factors must be considered. Fairfield Reservoir 
reached its highest water level in recorded history between 
31 May 1986 and 20 July 1986; this caused water to rise 
over the top of the predator exclusion pens and permitted 
temporary access to these pens by fish. This is responsible 
for fewer 5-9 mm individuals in July than would be ex- 
pected due to normal growth of organisms in closed pens 
(Fig. 2). After the water receeded, the hardware cloth 
frames were lifted and potential contaminant fish were re- 
moved from these pens on 20 July. The elevated numbers 
of 11~14 mm individuals (Table 5) reflect the doubled sam- 
pling intensity in September (see Methods). 

No evidence exists that this population had an autumn 
reproductive period as has been reported for some other 
populations (McMahon 1983; Doherty etal. 1987). Size 
patterns of individuals indicate that young clams existed 
abundantly during the May 1986, July 1986 and March 
1987 sampling periods (Fig. 2). These data suggest that 

young are released throughout a period ranging from ap- 
proximately March to July. When information concerning 
Corbicula size is included in published gut content studies 
it indicates that fish seem to eat small clams (e.g. < 5 mm 
Britton and Murphy 1977; predominantly 2 4 mm Gran- 
tham 1967). In the only other experimental study of preda- 
tion on Corbicula, Covich et al. (1981) found that the cray- 
fish Procambarus clarkii consumed only small clams 
( < 6  ram): I f  only very small clams are removed by preda- 
tors and survival of clams escaping predation is density 
independent then the ratio of clam abundances in open 
versus closed pens should be the same for all size categories. 
This does not occur (Table 5). Because of the high within 
date variation in Corbicula numbers per Ekman grab result- 
ing from the between closed-site effects reported earlier, 
abundance estimates in closed pens on different sampling 
dates could not be shown to be different at a significance 
level greater than P =  0.0585 (Fs (4 ,6 7 )  = 2.401). Figure 3 does 
suggest that high mortality occured in closed pens during 
the flood. I f  the anomalous post flood sample is removed, 
the abundance pattern for the 1986 cohort declines through- 
out the year in closed pens but not in open pens. This 
is what would be expected if there was continued density 
dependent mortality that was independent of predation. No 
such trend through time is suggested by the abundance data 
from predator accessible pens. These results indicate that 
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the Corbicula population in Fairfield Reservoir experiences 
density dependent mortality when fish predation is elimi- 
nated. 

The impact of burrowing was studied for 24 pairs of 
identically sized individuals. The shell lengths of these 
paired individuals ranged from 12.4 to 14.7 mm. The differ- 
ences in growth between burrowing clams and those pre- 
vented from burrowing were analyzed using a paired t test. 
The null hypothesis that there was no difference in growth 
was rejected (ts(23~ = 2.78, P <  0.05). However, our original 
alternative hypothesis that burrowing would be a handicap 
to growth (and therefore fecundity) was totally erroneous. 
Individuals that burrowed grew an average of 0.36 mm 
more between 12 October and 14 November than did those 
that remained on the surface. Those clams that burrowed 
increased their growth by 33%. 

Discussion 

No fish exclusion research to date has demonstrated as 
large a magnitude effect of predation on macroinvertebrates 
as this twenty nine fold effect on Corbicula (Thorp and 
Bergey 1981; Flecker and Allan 1982; Flecker 1984; Gi- 
linsky 1984; Morin 1984a; Riece and Edwards 1986). Fish 
eat a lot of these clams, but what is it that makes this 
interaction so apparently singular? Two possible explana- 
tions exist, first, Corbicula is not a member of the estab- 
lished community but is an invader and may be susceptible 
to existing predators. Second, the interactions between fish 
and Corbicula may be more amenable to study using fish 
exclusion cage methodology than would the interactions 
between fish and many other macroinvertebrates. 

The effect of fish on macroinvertebrates can be experi- 
mentally investigated by manipulating either the fish or the 
invertebrates. The invasion of Corbieula into Fairfield Res- 
ervoir constitutes a natural experiment (sensu Diamond 
1986) of this latter sort. When the results of natural experi- 
ments are subsequently subjected to controlled field experi- 
ments, as we have done, there is great potential for in- 
creased understanding of basic ecological phenomena (Dia- 
mond 1986). 

Species distributions among many insular environments 
are the result of natural invasion experiments. While it is 
commonplace to consider invasions as either failures or suc- 
cesses, it is worthwhile to recognize that invasion success 
may be viewed quantitatively as well as qualitatively (Ro- 
binson and Dickerson 1984). Success may be measured as 
the persistence time of a species and persistence time is 
often a function of population size (MacArthur and Wilson 
1967; Richter-Dyn and Goel 1972; Dickerson and Robin- 
son 1986). Population density assessments of species in insu- 
lar habitats are often reported under the rubric "population 
density compensation" and higher densities on islands than 
on continents are ascribed to reduced competition with rela- 
tively little attention given to the concomitant reduced pre- 
dation (Crowell 1962; MacArthur et al. 1972; Yeaton and 
Cody 1973; Case 1975). These studies analyze the results 
of natural invasion experiments without follow up field ex- 
periments and the conclusions reported may be correct for 
the taxa and habitats studied. However, our research dem- 
onstrates that, for Corbicula, predation rather than compe- 
tition is limiting population density in Fairfield Reservoir. 

A theme emerges from field studies concerning the effect 
of fish predation on macroinvertebrates; significant effects 

are generally reported when fish are introduced into com- 
munities that are naive to fish predators (Macan 1966; 
Crowder and Cooper 1982) but less clearcut effects are evi- 
dent when fish are excluded from communities having a 
history of fish predation (Thorp and Bergey 1982; Flecker 
and Allan 1982; Bohanan and Johnson 1983; Flecker 1984; 
Gilinsky 1984; NB Morin 1984a). The invasion of Corbi- 
cula represents the analogue of the former type experiment 
(i.e., where a potentially naive prey is added to a community 
that includes fish predators) and the results are comparable. 

The increased susceptibility of naive prey is often re- 
flected in their size or behavior patterns which make them 
obvious to fish predators (Brooks and Dodson 1965; Kime 
1974; von Ende 1979; Zaret 1980). Wellborn and Robinson 
(1987) have demonstrated that abnormal behavior can in- 
crease the risk of predation in a dragonfly. Sih (1986) has 
shown that a mosquito species naive to predation by Noton- 
eeta is preyed on more frequently than an experienced spe- 
cies that has more finely honed antipredator behavioral 
responses. Yet clams have a limited behavioral repertoire, 
and by burrowing and remaining sessile Corbicula seems 
to be doing its best to avoid fish (as well as increase its 
growth rate). Also Corbicula is not an abnormally sized 
freshwater mollusc. The only unusual attribute it has is 
its synchronized high fecundity. This may result in enough 
temporally and spatially concentrated fish food to attract 
high densities of generalized predators. 

Is this strong effect of fish in Corbicula unique to this 
reservoir? This can only be answered by making compara- 
tive studies in other habitats. However, McMahon (1983), 
while commenting on the selective value of Corbicula's life 
history tactics, summarizes its habitat preferences as 
" . . .  unstable sand-gravel substrata in shallow, fast flowing 
lotic systems, an extremely variable environment in which 
population densities can be reduced drastically by chance 
environmental factors such as flooding, periodic droughts, 
and subsequent aerial exposure, and temperature fluctua- 
tions, with massive mortalities as a result of both high sum- 
mer temperatures and low winter temperatures." These 
same variable habitats are those likely to have low densities 
of fish. Therefore, the hypothesis that fish influence the 
abundance of Corbicula in habitats other than Fairfield 
Reservoir at least is supported circumstantially. 

We have unquestionably established that fish strongly 
affect Corbicula abundance in our study, but why don't  
fish affect other macroinvertebrates as much in other stu- 
dies. The answer may be due in part to the fish exclusion 
cage methodology. Other species (which are frequently mo- 
bile) often reproduce repeatedly and asynchronously 
throughout longer portions of the year than the sessile Cor- 
bicula. Therefore, if predation intensity is temporally vari- 
able in open pens, an influx of individuals can occur 
through immigration or reproduction following intense pre- 
dation but preceeding sampling. This may minimize the 
apparent effect of predation. If, however, Corbicula densi- 
ties are reduced from open sites this reduction would be 
evident in samples taken throughout the remainder of the 
year following the reproductive period (approximately July 
for this habitat). 

Corbicula flurninea is of extreme economic importance 
to electrical generating plants and other facilities utilizing 
raw water. Sinclair (1971) has described Corbicula as "cur- 
rently the most costly liability of all exotic molluscs in 
North America . . . "  The tendency of the clam to disperse 
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through the water column allows it to enter industrial raw 
water intakes. This ability, together with rapid growth and 
high reproductive potential, enables Corbicula to mechani- 
cally obstruct water flow, necessitating removal procedures 
which often involve temporary shut-down of the facility. 
Our study demonstrates that fish predation may be of value 
in reducing the number  of clams impinging on industrial 
facilities. As such fish may serve as a useful tool in an 
integrated pest management  program for control of this 
species. 
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