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Synopsis 

We examined the feeding behaviors and selectivities of two common planktivorous fishes, pumpkinseeds 
Lepomis gibbosa and fathead minnows Pimephales promelas in the laboratory. Ingestion rates for both 
pumpkinseeds and fathead minnows feeding on zooplankton increased as a function of fish length. Pump- 
kinseeds fed on zooplankton strictly as particulate feeders, with preferences increasing as a function of 
zooplankton body size regardless of taxonomic identity. Preferences were highest for large Daphnia, 
intermediate for intermediate-sized copepods, and lowest for small Ceriodaphnia. Fathead minnows dis- 
played the ability to use both particulate-feeding and filter-feeding behaviors. Differential preferences 
tended to reflect both zooplankton size and taxon, being highest for large, slow-swimming Daphnia, 
intermediate for small Ceriodaphnia, and lowest for faster-swimming copepods. These differences in prey 
capture behaviors and preferences of the two fishes are reflected in the zooplankton taxonomic composition 
of small ponds containing each fish type. The crustacean zooplankton assemblages in ponds containing both 
pumpkinseeds and fathead minnows were dominated by copepods. Cladocerans were rare. In ponds 
containing pumpkinseeds, but no fathead minnows, cladocerans were abundant, generally accounting for up 
to 80% of total crustacean zooplankton biomass. These results suggest that the type of planktivore, and not 
simply the presence or abundance of planktivores in a system, can determine zooplankton community 
structure. 

Introduction 

Predators can be important in structuring prey as- 
semblages, particularly in aquatic ecosystems (Za- 
ret 1980, Sih et al. 1985, Kerfoot & Sih 1987). By 
selectively removing some components from a prey 
assemblage relative to others, predators can actual- 
ly change how members within a prey assemblage 
interact (Paine 1966, Lubchenco 1978, Neil1 1981). 

Much of our understanding of predator-prey in- 
teractions, particularly in regard to the structuring 
of prey assemblages by predation, has come from 
the study of planktivorous fish-zooplankton inter- 
actions (Zaret 1980, Kerfoot 1980, Kerfoot & Sih 
1987). Most planktivorous fishes are particulate 
feeders, tending to select zooplankton that are 
most easily detected, typically the largest or most 
darkly pigmented individuals (O’Brien 1979,1987, 



402 

Lazarro 1987). Filter-feeding planktivores tend to 
feed mostly on zooplankton with poor swimming 
abilities (Drenner et al. 1978, Janssen 1978, Go- 
phen et al. 1983, Lazarro 1987). The differing be- 
haviors and selectivities of particulate-feeding and 
filter-feeding planktivores can have very different 
impacts on zooplankton community structure 
(Hurlbert & Mulla 1981, Drenner et al. 1987, Vin- 
yard et al. 1988), and thus the roles of the two types 
of planktivores in ecosystem regulation may be 
very different. 

Here we document the feeding behaviors and 
selective zooplankton consumption of two com- 
mon planktivores, pumpkinseeds, Lepomis gibbo- 
sa, and fathead minnows, Pimephales promelas, in 
laboratory experiments. Pumpkinseeds consumed 
zooplankton as particulate-feeders, while fathead 
minnows exhibited the ability to use both partic- 
ulate- and filter-feeding modes to consume zoo- 
plankton. The effects of these behavioral differ- 
ences were examined using a three-year replicated 
pond study in which the differences in feeding be- 
haviors of the two fishes produced very different 
zooplankton assemblages between ponds contain- 
ing pumpkinseeds and ponds containing both 
pumpkinseeds and fathead minnows. 

Methods 

Laboratory experiments were conducted during 
summer 1989 in 40- and go-liter aquaria at the 
Cornell University Experimental Pond Facility 
(CUEPF) laboratory. Fish used in feeding trials 
were trapped or seined from ponds at CUEPF and 
acclimated to laboratory conditions for 5-10 days 
prior to use in feeding trials. Experiments were 
conducted with 6 groups each of 5-16 pumpkin- 
seeds or fathead minnows (Table 1). 

Experiments began by filling aquaria with pond 
water pumped from large indoor storage tanks 
through a coarse (lOO--200pm) carbon and wool 
filter. Fish were then measured and transferred 
into aquaria and allowed to acclimate for at least 
30 min. Zooplankton collected from various ponds 
at CUEPF using a 300~pm-mesh (30cm diam.) 
conical plankton net were added to the aquaria at 

initial densities of 915 + 83 and 980 + 95 individu- 
alsl-l (mean f SE for trials with fathead min- 
nows, n = 23 and pumpkinseeds, n = 22, respec- 
tively). Crustacean zooplankton (Daphnia pulex, 
D. par&a, D. ambigua, Ceriodaphnia reticulata, 
Cyclops vernalis, Mesocyclops edax, Diaptomus 
pallidus, and D. leptopus) comprised greater than 
95% of the zooplankton used in feeding trials. Af- 
ter zooplankton were added, the aquaria aeration 
system was turned off, and fish were allowed to 
feed for 30min. Because differential swimming 
abilities among zooplankton taxa (see below) may 
be important in prey selection by planktivorous 
fish, the air supply to the aquaria was turned off 
during the feeding trials to avoid strong water cur- 
rents produced by rising air bubbles. However, this 
lack of mixing by aeration during the feeding trials 
may have allowed for the development of patchi- 
ness in the zooplankton distributions, thereby af- 
fecting encounter rates between fish and zooplank- 
ton. Zooplankton were sampled from the aquaria 
once at 0 and once at 30min of fish feeding by 
stirring and then quickly lowering a PVC pipe 
(5.1 cm inside diam.) onto a rubber stopper placed 
arbitrarily on the aquaria bottoms. Only one feed- 
ing trial per day was conducted with each group of 
fish. Fish were fed between experiments using 
pond zooplankton. 

Table 1. Number and sizes (mm standard length, SL) of fish used 
in feeding trials. N = number of trials conducted using each 
group of fish. 

Fish Number mmSL+SE N 
in group 

Pumpkinseeds 16 31.3f 0.6 2 
10 34.6f 0.9 5 
11 49.1YC 1.4 3 
10 65.1 + 1.1 4 

5 80.4+ 1.0 4 
6 101.7+ 2.5 4 

Fathead minnows 10 35.3+ 0.8 4 
10 39.4? 0.8 4 
11 40.4f 0.5 3 
14 46.2? 1.1 3 
10 46.4+ 0.7 4 
14 55.1 t 0.5 5 



Zooplankton samples were concentrated, pre- 
served in 10% formalin, and counted under a dis- 
secting microscope. Due to similarities among 
many of the taxa, and low densities of some taxa, 
zooplankton were grouped as Ceriodaphnia, cope- 
pods (C. vernalis, M. edax, D. pallidus, and D. 
leptopus), and Daphnia (D. pulex, D. parvula, D. 
ambigua) in order to simplify data analysis and 
presentation. Relative contributions of these three 
groups to the total zooplankton were similar across 
all feeding trials and with both fishes (ANOVA, all 
p > 0.05). Average composition consisted of 
52.4+ 2.8, 26.5& 2.3, and 21.1+ 2.8% of total 
zooplankton for Ceriodaphnia, copepods, and 
Daphnia, respectively, in trials with fathead min- 
nows and 52.5 * 2.1,26.7 I!I 2.2, and 19.9 + 2.6%, 
respectively, in trials with pumpkinseeds. These 
groups, arranged by increasing size, represent 
three functional prey types: Ceriodaphnia = small, 
slow-swimming; copepods = intermediate-sized, 
fast-swimming; Daphnia = large, slow-swimming. 
Mean sizes of zooplankton were determined by 
measuring 34-44 individuals in each group from 
randomly-selected initial samples using an ocular 
micrometer. Mean biomass of each group was esti- 
mated using regressions of zooplankter dry mass on 
body length (Table 2). 

The Manly-Chesson preference index ai (Manly 
1974, Chesson 1983) was calculated for each prey 
type in each feeding trial using the prey depletion 
model (Case # 2 - Chesson 1983). Alpha, was nor- 
malized to Ed, an electivity index ranging from - 1 
for total avoidance to + 1 for total preference, with 
0 representing no preference. Because we lack suf- 
ficient replication within the various size classes of 
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fish used (i.e., multiple trials were conducted with 
each group of fish instead of with different groups 
of fish within the same size class), our ability to 
effectively determine the role of fish size in prey 
ingestion and selection is limited. Therefore, ef- 
fects of prey type on planktivore ingestion rates 
and preference were examined by regression 
ANOVA (a = 0.10) for mean ingestion rates as 
functions of fish size (n = 6 for each fish species) 
and ANOVA with orthogonal contrasts (a = 0.10) 
for mean ai values for each zooplankton group 
(n = 5 for each fish species). Epsilon, is used here 
solely for display purposes (see Chesson 1983). 

During feeding trials we noticed that fathead 
minnows appeared to switch between particulate- 
feeding and filter-feeding behaviors. We therefore 
video-taped fathead minnows of sizes (mean mm 
SLf SE; 35.5 f 0.7, 46.4f 1.0, 56.0f 0.6) simi- 
lar to those used in above trials feeding on a variety 
of zooplankton assemblages in order to determine 
whether in fact fathead minnows were filter feed- 
ing. 

Impacts of pumpkinseeds and fathead minnows 
on zooplankton composition were examined using 
ten ponds (0.1 ha, 2.5m deep) at CUEPF: five 
containing both pumpkinseeds and fathead min- 
nows and five containing only pumpkinseeds with 
largemouth bass Micropterus salmoides. These 
ponds were part of a larger pond study examining 
the impacts of piscivorous largemouth bass on 
plankton community structure and dynamics 
(Hambright 1991a). Beginning in April 1988, 
ponds were drained to 0.5m depth, treated with 
Diquat and rotenone (to remove submergent mac- 
rophytes and fish, respectively) in late May, and 

Table 2. Mean (f SE) body length and mass (dry mass) of zooplankton groups used in feeding trials. 

Group Body length, L Body mass, W 

(I4 (a dry mass) 

Regression” 

Ceriodaphnia 
copepodsb 

514.3 + 9.5 2.1+ 0.1 In W = 2.259 (In L) + 2.237 
1112.4 f 26.3 9.3* 1.0 In W = 5.732 (ln L) + 1.310 

In W = 2.146 (In L) + 1.656 
Daphnia 1134.8 + 38.0 13.3? 0.5 In W = 2.196 (ln L) + 2.265 

“Regressions from E.L. Mills (personal communication). 
bCopepod biomass was estimated using separate regressions for calanoid and cyclopoid copepods, upper and lower regressions, 
respectively. These estimates were then combined to calculate mean copepod biomass. 
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Fig. 1. Mean (& SE) ingestion rates of pumpkinseeds (solid circles) and fathead minnows (open circles) as functions of fish standard 
length for total zooplankton, Cerioduphniu, copepods, and Duphniu. Regressions estimated using means of each fish group (a = 0.10, 
n = 6 for each fish species). 
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Fig. 2. Mean electivities (+ SE) of various sizes of pumpkinseeds and fathead minnows for Cerioduphniu (Cer - circle), copepods (Cop 
-triangle), and Duphnia (Dap - square) as a function of mean zooplankter size (pg dry mass). Number in upper left of each panel is 
mean standard length for each fish group. 
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refilled from a small reservoir densely populated 
with planktivores in early June. All ten ponds were 
then stocked from mid-June through mid-July with 
similar biomasses of fathead minnows (3.2 rf: 
0.1 kg) and pumpkinseeds (3.6 + 0.1 kg), but be- 
cause five of these ponds also were stocked with 
largemouth bass, fathead minnows populations 
were eliminated from these five ponds during the 
first year. After three years, the biomass of fish was 
10.4 + 4.5 kg of fathead minnows and 12.4 f 
3.0 kg of pumpkinseeds per pond in ponds contain- 
ing both planktivores and 13.4 f 1.1 kg of pump- 
kinseeds per pond in ponds with largemouth bass. 
Zooplankton were sampled in each pond biweekly 
during the summers of 1988-1990, using single ver- 
tical hauls of a 64-pm-mesh (30 cm diam.) conical 
plankton net. The resulting time-series data, 
pooled as large cladocerans (Duphniu pulex, D. 
ambigua, D. par&a, Simocephalus, Diaphanoso- 
mu), copepods (copepodids and adults of Diapto- 
mus pallidus, D. leptopus, Mesocyclops edax, and 
Cyclops vernalis), and small cladocerans (Cerio- 
daphnia, Chydorus, and Bosmina), were analyzed 
using repeated-measures ANOVA for each year 
separately. For further details of the pond experi- 
ment, see Hambright (1991a). 

Results 

Ingestion rates on copepods and Daphnia in- 

creased and ingestion rates on Ceriodaphnia de- 
creased with pumpkinseed length (Fig. 1). Inges- 
tion rates on total zooplankton, Ceriodaphnia and 
Daphnia increased as a function of fathead minnow 
length. Although the lengths of fishes used were 
different, the ranges of ingestion rates on total 
zooplankton across fish size were similar for the 
two fishes. The Manly-Chesson preference index cli 
for pumpkinseeds increased with prey size, being 
lowest for Cerioduphnia, intermediate for cope- 
pods, and highest for Daphnia (Table 3). Fathead 
minnows also showed very strong preference for 
Duphnia, but had lowest preferences for copepods 
and intermediate preferences for Ceriodaphnia. 

Video-tape analyses of fathead minnow feeding 
confirmed that the larger groups of fathead min- 
nows (> 40 mm SL) consumed zooplankton using 
both particulate-feeding and filter-feeding behav- 
iors. The small fathead minnows (35.3 and 35.5 mm 
SL), from feeding trials and video-tape analyses, 
respectively, were never observed filter feeding. In 
video-tape analyses, when offered only large 
Daphnia, all sizes of fathead minnows would dis- 
play behaviors typical to those shown by other 
particulate-feeding planktivores (O’Brien 1979). 
Fish would clearly orient toward an individual 
Daphnia, swim to it and draw it into the buccal 
cavity with a quick suction followed by immediate 
release of water through the opercular cavity. 
When offered small prey (primarily Cerioduph- 
nia), small fathead minnows (35.5 mm SL) would 

TubZe3. Results of ANOVA and orthogonal contrasts of mean ai values as functions of zooplankton size for fathead minnows (FM, n = 
5) and pumpkinseeds (PS, n = 5) feeding on Cerioduphniu (Cer), copepods (Cop), and Duphnia (Dap). The smallest size group of each 
fish was omitted from the analyses because of an apparent inability to consume Duphniu due to gape limitation. 

Fish 

PS 

FM 

Source 

Zooplankton size 
Contrasts 
Cer & Cop < Dap 
Cer< Cop 

Error 

Zooplankton size 
Contrasts 
Cer & Cop< Dap 
Cop< Cer 

Error 

ss DF MS F P 

0.720 2 0.360 31.743 < 0.001 

0.669 1 0.669 59.017 < 0.001 
0.051 1 0.051 4.469 0.028 
0.136 12 0.011 

0.560 2 0.280 83.849 < 0.001 

0.545 1 0.545 163.423 < 0.001 
0.014 1 0.014 4.276 0.031 
0.040 12 0.003 
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Fig. 3. Biomass of large cladocerans (Duphniupulex, D. ambigua, D. par&a, Simocephalus, Diaphanosoma), copepods (Diaptomus 
pallidus, D. leptopus, Mesocyclops edax, Cyclops vernalis), and small cladocerans (Ceriodaphnia, Chydorus, and Bosmina) plotted 
against time for three years in ponds containing pumpkinseeds only and both pumpkinseeds and fathead minnows. Summer means 
(& SE) (excluding first two pre-treatment sample periods of summer 1988) for the two treatments indicated to the right of each time 
series panel. Results of repeated-measures ANOVA (a = 0.05) are shown in upper right of each panel. Trmt = treatment effect, 
Time = time effect, and T x T = treatment X time interaction effect. 

use exclusively particulate feeding. However, 
larger fathead minnows (46.4 and 56.0mm SL) 
would swim up into the water column in a roughly 
spiral path while using a series of rapid pumping 
motions to draw water into the mouth and out 
through the opercular cavity. Between each series 
of 10-12 pumps, the fish would manipulate and 
swallow the retained prey using the ‘handling’ mo- 
tions typical of those previously reported for giz- 
zard shad, Dorosoma cepedianum, and St. Peter’s 

fishes (Sarotherodon galilaeus and Tilapia aurea) 
(Drenner et al. 1982, 1984, Gophen et al. 1983). 
When mixtures of large and small prey were of- 
fered, large fathead minnows would filter feed pre- 
dominantly, but upon detection of a large prey item 
they would orient toward that individual and ingest 
it using typical particulate-feeding behaviors. 

In ponds containing both planktivores, both 
large and small cladocerans were virtually eliminat- 
ed by July 1988 and continued to be suppressed 



408 

1988 

J J A S 

1989 
Pumpkinseeds and fathead minnows 

Pumpkinseeds only 

M J J A S M J J A 

q large cladocerans 

0 ww=Js 

small cladocerans 

Fig. 4. Relative contribution (percent biomass) of large cladocerans (grey - Duphniu pulex, D. ambigua, D. parvula, Simocephalus, 
Diaphanosoma), copepods (white - Diaptomus pallidus, D. leptopus, Mesocyclops edax, Cyclops vernalis), and small cladocerans 
(black - Ceriodaphnia, Chydorus, and Bosmina) to the composition of crustacean zooplankton biomass plotted against time for three 
years in ponds containing pumpkinseeds only and both pumpkinseeds and fathead minnows. 

throughout the study, while copepods remained 
abundant (Fig. 3). In ponds containing only pump- 
kinseeds, both small and large cladocerans as well 
as copepods persisted at relatively high levels of 
biomass. As a result of these differing responses 
among the zooplankton groups to predation by the 
two fish assemblages, the crustacean zooplankton 
in ponds containing both pumpkinseeds and fat- 
head minnows was almost entirely comprised of 
copepods, while both cladocerans and copepods 
contributed to the total crustacean biomass in 
ponds containing only pumpkinseeds (Fig. 4). 

Over the course of the study there was a shift in the 
cladoceran assemblage in pumpkinseed ponds 
from one in which large D. pulex were abundant in 
1988 and early 1989 to one in which smaller D. 
ambigua, D. par&a, and Ceriodaphnia became 
abundant after May 1989. This shift from large to 
small cladocerans through each summer appears to 
have tracked increased predation pressure that re- 
sulted from pumpkinseed reproduction (Ham- 
bright 1991a). 
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Discussion 

Although pumpkinseeds are generally considered 
benthic in their feeding habits as adults, several 
studies have documented zooplanktivory among 
young-of-year and juvenile pumpkinseeds (Confer 
& Blades 1975, Carlander 1977, Mittelbach 1984). 
In our study, pumpkinseed feeding behaviors and 
preferences for zooplankton were very typical of 
those of other particulate-feeding planktivores (see 
Lazarro 1987, O’Brien 1987), with feeding rates 
increasing with fish size and preference increasing 
with zooplankton size. 

Fathead minnows are typically considered to 
consume benthos, filamentous algae and zooplank- 
ton (Carlander 1969). Unlike the pattern of in- 
gestion and selection by pumpkinseeds, ingestion 
rates and feeding preferences of fathead minnows 
in our study suggest that zooplankton were con- 
sumed by fathead minnows using both particulate- 
and filter-feeding behaviors. Particulate feeding is 
evident by the strong preferences for Duphnia, the 
largest prey offered. However, higher preferences 
for the smallest prey Cerioduphnia relative to the 
intermediate-sized, but faster-swimming, cope- 
pods indicates that fathead minnows also filter fed. 
Studies using other filter-feeding fishes have docu- 
mented that these fishes tend to be escape-selec- 
tive, rather than size-selective, zooplankton preda- 
tors, with higher preferences for slow-swimming 
zooplankton regardless of size and lower prefer- 
ences for fast-swimming copepods (Drenner et al. 
1982, Gophen et al. 1983). We did not attempt to 
quantify the various aspects of filter-feeding in 
fathead minnows (e.g., clearance rates, buccal vol- 
umes, etc.), but rough approximations of pumping 
rates suggest that intermediate-sized fathead min- 
nows (46.3 mm SL) pumped more quickly (5-6 
pumps * SK’) than the larger fish (55.1 mm SL) 
which pumped at about 3-4 pumps. s-l. 

Many of the differences in feeding rates and 
preferences between the two fishes are due, in part, 
to the use of a larger range of pumpkinseed sizes in 
feeding trials. However, in order to compare how 
these fishes affect zooplankton in natural systems it 
was necessary to use the respective size ranges of 
each fish in which they are planktivorous. For fat- 

head minnows, the size range used covers the en- 
tire range from young-of-year to adult fish; for 
pumpkinseeds the range (young-of-year to approx- 
imately 3 years) is only part of the life of the fish. 
These size ranges are comparable to the range of 
sizes of fish in the experimental ponds in which the 
effects of the different feeding modes used by fat- 
head minnows and pumpkinseeds were reflected in 
the composition of the zooplankton assemblages. 
By the end of summer during the second and third 
years, zooplankton in ponds with only pumpkin- 
seeds were dominated by small cladocerans that 
are not efficiently consumed by pumpkinseeds. Al- 
though the final biomass of pumpkinseeds in these 
ponds was about half of the total biomass of fish in 
the ponds with both pumpkinseeds and fathead 
minnows, resulting in higher zooplankton biomass, 
the small-sized zooplankton assemblage in pump- 
kinseed ponds probably represents the limit of the 
impact possible due to size-selective pumpkinseed 
planktivory. In ponds with both pumpkinseeds and 
fathead minnows, large cladocerans were probably 
eliminated by planktivory from both fishes. The 
continued shift toward dominance by copepods in 
these ponds reflects the more efficient planktivory 
by the fathead minnows on smaller, slow-swim- 
ming cladocerans. 

The ability of planktivores to use both partic- 
ulate- and filter-feeding modes has been demon- 
strated previously for gizzard shad, St. Peter’s fish- 
es (Drenner et al. 1982,1984, Gophen et al. 1983), 
and golden shiners, Notemigonus crysoleucas (Eh- 
linger 1989). Unlike gizzard shad and St. Peter’s 
fishes, in which both modes are used during a brief 
ontogenetic switch from obligate particulate-feed- 
ing as juveniles to obligate filter-feeding as adults, 
golden shiners can use both feeding modes as 
adults. As we found for fathead minnows, golden 
shiners appear to switch between the two modes 
depending on the assemblage of zooplankton on 
which they are feeding (Ehlinger 1989). Filter- 
feeding is used for small prey and particulate-feed- 
ing is used for larger prey. The two fishes differ in 
their predominate feeding mode when offered 
small and large prey simultaneously. Unlike golden 
shiners that particulate fed until all large prey were 
depleted (Ehlinger 1989), our video tape analyses 
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and feeding trial preferences suggest that large 
fathead minnows filter-fed primarily with both 
small and large prey present, switching to partic- 
ulate-feeding only when a large prey item was de- 
tected. 

Some of the benefits of this ability by some 
planktivores to use both feeding modes are obvi- 
ous. As Ehlinger (1989) suggested for golden shin- 
ers, both large and small zooplankton can be uti- 
lized, whereas obligate particulate feeders, wheth- 
er constrained by prey detection and retention abil- 
ities or perhaps energetic demands, feed only on 
larger prey items (Lazarro 1987). As high levels of 
planktivory in lakes shift the zooplankton size dis- 
tribution toward smaller sizes, obligate particulate 
feeders are faced with decreasing food supplies. 
Planktivores using both feeding modes, on the 
other hand, can consume the smaller zooplankton. 
Equally as obvious as the benefits gained, there are 
most likely costs, energetic or otherwise, associ- 
ated with the retention of both feeding modes. 
Detailing these costs and benefits associated with 
the two feeding modes would provide valuable in- 
sight into the nature of foraging mode shifts in 
facultative filter-feeding fishes. 

Studies of predator-prey interactions in fresh- 
water systems have contributed greatly to our gen- 
eral understanding of prey regulation by predators 
(Zaret 1980, Sih et al. 1985, Kerfoot & Sih 1987). 
From these studies have grown the current popular 
concepts underlying the trophic cascade hypothe- 
sis, which predicts alternating negative and positive 
responses in abundances of planktivores, zoo- 
plankton, and phytoplankton to changes in abun- 
dances of piscivorous fish (Carpenter et al. 1985). 
Because piscivores are also selective predators 
(Hambright 1991b, Hambright et al. 1991), changes 
in the planktivore assemblage composition by pis- 
civory may produce unexpected effects at the zoo- 
plankton level due to differences in zooplankton 
consumption and zooplankton community impacts 
by different planktivores. 

Since the late 1950’s, numerous studies have doc- 
umented the feeding behaviors and community im- 
pacts of planktivorous fishes (Lazarro 1987, North- 
tote 1988), the majority of which have focused on 
particulate-feeding planktivores. However, few of 

these studies have linked a qualitative or quantita- 
tive analysis of the different types of feeding behav- 
iors to the effects observed on the zooplankton 
community. While we have demonstrated that dif- 
ferential feeding behaviors and preferences of 
pumpkinseeds and fathead minnows observed in 
the laboratory are reflected in zooplankton compo- 
sition in the experimental ponds, further study de- 
tailing the mechanisms of selection and factors reg- 
ulating selection are needed. In addition, studies 
detailing the factors involved in foraging mode 
switches of fathead minnows would be helpful in 
predicting zooplankton community impacts. How- 
ever, our results do suggest that the type of plank- 
tivore in a system, and not simply the presence or 
abundance of planktivores, can determine zoo- 
plankton community structure. 
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