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FIELD EXPERIMENTS ON RESPONSES OF A FRESHWATER, 
BENTHIC MACROINVERTEBRATE COMMUNITY TO 

VERTEBRATE PREDATORS1 

JAMES H . THORP AND E . A . BERGEY-
Savannah River Ecology Laboratory, Post Office Drawer E, Aiken, South Carolina 2980J USA 

Abstract. We examined the seasonal importance of vertebrate predators in potentially regulating 
the abundance and diversity of the benthic macroinvertebrates in the littoral z o n e of a soft-bottom 
reservoir that receives thermal effluent from a nuclear production reactor. Thirty-six predator (fish 
and turtle) exclusion cages (4 m-') were placed in shal low water at six locat ions along a thermal 
gradient in Par Pond, a 1100-ha cooling reservoir on the Savannah River Plant near Aiken, South 
Carolina, U S A . An additional 36 control plots (4 m-) were also set up. Cages were in place during 
three, 3-mo test periods beginning in September 1977. Est imates of benthic dens i ty , taxon richness , 
and distribution within functional groups (defined by feeding mechanism) were calculated for each 
test period. Effects of temperature on predator-prey relationships were also determined. 

Experimental results of this study suggest that vertebrate predation was not the fundamental 
parameter organizing the benthic macroinvertebrate community in the littoral z o n e of this reservoir. 
Neither taxon richness nor density of total macroinvertebrates was conclusively related to predator 
treatment. Relationships between predator treatment and community response (changes in density 
and taxon richness) were generally unaffected by either plot locality, temperature fluctuations from 
thermal effluent, or seasonal changes. When data from caged and control plots w e r e pooled, however , 
both location and water temperature individually had direct impacts on the benthic community. 

From our results and other field studies w e hypothes ize that individual s p e c i e s of " k e y s t o n e " 
benthic predators (Paine 1969b) do not occur in the littoral zone of freshwater lentic environments 
with soft bottoms. This hypothesis is based on the fo l lowing four arguments. First, environmental 
heterogeneity should reduce predator efficiency relative to that found in rocky intertidal sys tems 
where keystone predation may be present. Second, relative food w e b complexity should reduce the 
community importance of an individual predator species . Third, the apparent relatively greater re-
source partitioning of space and food in the freshwater littoral zone hinders monopolization of rate-
limiting environmental resources by a single dominant prey species . Fourth, the e f fects of predation 
may not be extens ive enough in time or area to provide sufficient resource space (and thus food) for 
exploitation by fugitive species . Possible regulation by a guild of predators and cases where the 
general hypothes is might be falsified are discussed. 
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INTRODUCTION 

Except for a few studies on freshwater benthos (Ball 
and Hayne 1952, Hayne and Ball 1956, Hall et al. 1970, 
Benke 1976, 1978, Peckarsky 1979), the vast majority 
of experimental studies on predator-prey relationships 
in aquatic benthic communities have focused on ma-
rine intertidal or subtidal environments (e.g., Paine 
1966, Connell 1970, Dayton 1971, Menge 1976, Menge 
and Sutherland 1976, Sutherland and Karlson 1977). 
The relative simplicity of experimental manipulation 
(aside from problems associated with securing cages 
to wave-swept rocks) and ease of separation of resi-
dent organisms (most of which are adults, unlike those 
in freshwater benthos) into distinct species and trophic 
positions, may account for the early success in deci-
phering patterns in predator-prey relationships among 
rocky intertidal and subtidal communities. Similar ex-
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perimental techniques were applied in estuarine soft-
bottom communities with only moderate success 
(Woodin 1974, 1978, Virnstein 1977, 1979) as a result 
of difficulties in excluding known, epibenthic preda-
tors such as the blue crab, Callinectes sapidus (J. H. 
Thorp, personal observation, Virnstein 1979), and as 
a result of problems in excluding or manipulating in-
faunal predators, such as polychaetes and nemerteans. 
For historical and environmental reasons, progress in 
understanding benthic community regulation in fresh-
water environments has not, unfortunately, kept pace 
with advances made in marine and estuarine studies. 

Paine (1966, 1969c/, b) coined the term ' 'keystone 
species^ to describe predators that disproportionately 
affect patterns of prey occurrence, distribution, and 
density. In his studies these predators reduced or elim-
inated exploitation competition for primary space by 
selectively consuming prey (mussels) that were capa-
ble of monopolizing much of the primary space in the 
rocky intertidal zones. Despite suggestions that blue 
crabs may act as keystone predators in soft-bottom 
estuarine systems (or "foundation species' ' of high 
trophic status, Virnstein 1977), or that bluegill sunfish 
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FIG. 1. Schematic drawing of the study area. Experimental areas are shown in Roman numerals. Stations I—IV receive 
thermal effluent but V and VI are in ambient temperature areas. Dark squares are active nuclear production reactors. Dashed 
line is the path of water pumped from Par Pond to cool the reactor. 

(Lepomis macrochirus) may partially function in that 
role for benthos in freshwater ponds (Hall et al. 1970), 
no definitive evidence, in our opinion, has shown the 
existence of a keystone predator that feeds on benthos 
in freshwater or marine environments other than those 
in rocky intertidal or subtidal zones. 

The primary purpose of our study was to determine 
whether vertebrate predation from either a keystone 
species or a guild was important in regulating the 
structure of the benthic macroinvertebrate community 
in the littoral zone of a freshwater reservoir. Technical 
difficulties resulting from high mortality of enclosed 
fish (possibly associated with a large bacterial popu-
lation of infectious Aeromonas in our study area dur-
ing the experiments) prevented us from directly testing 
for an individual species of keystone predator. How-
ever, lack of any appreciable effect from the guild of 
vertebrate predators in the reservoir would, in our 
opinion, indicate the absence of a keystone predator. 
Because keystone species have been found in hard-
bottom intertidal communities, we have contrasted 

biotic and abiotic characteristics in marine and fresh-
water environments in order to distingish those factors 
affecting the importance of predation in regulating the 
respective communities. We recognize that predation 
is not equally important for regulation in all rocky in-
tertidal communities. We have focused our discussion 
on the effects of vertebrate predation on the total mac-
roinvertebrate community and we will report else-
where in detail the effects of this predation on the 
midge subcommunity (Diptera:Chironomidae). Exper-
imental studies of the role of invertebrate predators in 
regulating benthic macroinvertebrate communities in 
field microcosms are in progress. 

A secondary purpose of this study was to identify 
the effects, if present, of both thermal effluents from 
a nuclear production reactor and other environmental 
characteristics (e.g., season and plot locality) on pred-
ator-prey interactions. Locations of experimental 
plots were chosen with this goal in mind. Results of 
concurrent field studies on the direct effects of ele-
vated temperatures and plot locality on both odonate 
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FIG. 2. Weekly temperature range at each experimental station (Roman numerals I -VI) . Shaded portion bounded by 
maximum and minimum temperatures in °C. 

emergence and on the macroinvertebrate community 
in general will be described in detail in subsequent 
manuscripts. 

STUDY AREA 

Par Pond is a 22-yr-old, 1100-ha cooling reservoir 
(maximum depth = 17 m, mean depth = 6.1 m) locat-
ed on the Department of Energy's Savannah River 
Plant in Barnwell County, South Carolina (Fig. 1). The 
reservoir, which drains a relatively small watershed, 
receives water from the nearby Savannah River during 
the frequent but intermittent operation of a nuclear 
production reactor. Water pumped from the Savannah 
River causes the reservoir to be less acidic and more 
eutrophic than many of the surrounding coastal plain 
lakes. During reactor operation heated water flows 
from the reactor through a series of cooling ponds and 
enters Par Pond by a subsurface release at the kkhot 
dam." 

Six experimental stations were selected along a 
thermal gradient (Fig. 1). Stations were chosen to 
maximize similarity in wave exposure, substratum, 
and vegetation while simultaneously minimizing sim-
ilarity in thermal regime. Stations were numbered con-
secutively by distance from the thermal release point, 
with stations I-IV located in the heated arm of Par 
Pond, and stations V-VI in areas of ambient temper-
atures. Maximum temperatures usually varied in-

versely with station number (for stations I-IV) during 
reactor operation (Fig. 2). 

For statistical purposes each station was divided 
into two blocks and each block contained three treat-
ment and three control plots. In stations IV and V, 
blocks were situated on opposite sides of embay-
ments; in other stations they were separated by as 
much distance as possible along the same shoreline. 
Within each block, treatment and control plots were 
arranged randomly in a linear sequence along the 
shoreline. 

Substrata in all areas sampled were sandy near 
shore but gradually increased in silt-clay components 
in deeper waters. The littoral zone supported a large 
rooted macrophyte population during most of the year. 
Dominant vegetation in most areas sampled was either 
the spike-rush, Eleocharis acicufaris, or the water-
milfoil, Myriophyllum spicatum. 

MATERIALS AND METHODS 

The role of vertebrate predators in regulating ben-
thic macroinvertebrate community organization was 
evaluated by comparing uncaged control plots with 
caged treatment plots that excluded fish and turtles. 
Experiments were run seasonally and along a thermal 
gradient to analyze effects of seasonally "predictable" 
and nonseasonal, unpredictable thermal fluctuations 
on predator-prey relationships. 


