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ABSTRACT

THE INFLUENCE OF BIOTIC AND ABIOTIC FACTORS ON
ZOOPLANKTON COMMUNITY STRUCTURE IN FISHLESS LAKES

by Shelley E. Amott

Factors preventing the successful invasion of smali-bodied zooplankton species into
fishless bog lakes were studied using a series of field manipulations. Competition with
Daphnia pulex, predation by Chaoborus americanus and Diaptomus leptopus, and abiotic
conditions including pH were examined. Abiotic conditions inhibited population growth of
70% of the small-bodied zooplankton species introduced into fishless lakes. Fewer small-
bodied zooplankton were inhibited in fishless lakes when pH was raised to 7. Predation by
Chaoborus americanus and Diaptomus leptopus primarily reduced the density of
crustaceans and rotifers, respectively. Competition between small-bodied zooplankton and
D. pulex was not detected. Results suggest that an interaction between predation by C.
americanus and D. leptopus and abiotic factors are important in determining community
structure.  Further studies investigating how biotic interactions are influenced along

abiotic gradients are warranted.
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INTRODUCTION

Determining which factors are responsible for the structure of communities is
a primary focus in ecology. Species distribution and abundance within a particular
environment is determined both by tolerance to physical conditions and interactions
with other organisms (Hutchinson 1957). Much research in community ecology has
focused on biotic interactions and consequently, several models relating the relative
importance of competition and predation to community structure have been
developed (Hairston et al. 1960, Fretwell 1977, Oksanen 1981, Menge and
Sutherland 1976, 1987, Carpenter et al. 1985). Among biotic interactions, a debate
continues over the relative importance of predation and competition in determining
community structure (Strong et al. 1979, Connell 1983, Schoener 1983, Sih et al.
1985).

Freshwater zooplankton communities are useful systems for experimental
studies of species interactions due to the relative ease with which they can be
manipulated and sampled. Also, generation times of planktonic organisms tend to
be short and population densities are high, enabling the completion of multi-
generation experiments using large numbers of organisms.

There is overwhelming evidence of the predatory impact of fish on plankton
community structure. When planktivorous fish are abundant, communities are
dominated almost exclusively by small-bodied zooplankton (Hrbacek et al. 1961,
Brooks and Dodson 1965, Lynch 1979, Reinersten et al. 1990, Pont et al. 1991),
Large zooplankton are highly vulnerable to visually foraging planktivorous fish,
which selectively prey on zooplankton they can most easily see (O'Brien 1979, Zaret
1980, Lazzaro 1987). When planktivorous fish are rare or absent, the size
distribution of the zooplankton community shifts to larger organisms and small-
bodied forms are rare (Brooks and Dodson 1965, Reinersten et al. 1990). One
question, first posed by Brooks and Dodson (1965) still remains largely
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unanswered: What factors prevent small-bodied zooplankton from establishing
populations in lakes without fish or when fish are rare? Because large bodied
zooplankton are abundant when fish are rare, this question can also be rephrased as:
What factors prevent small-bodied zooplankton from becoming abundant when large
zooplankton dominate?

Two hypotheses have been proposed to explain the scarcity of small-bodied
zooplankton in communities where fish are rare or absent; namely, a) competition
with larger, herbivorous zooplankton and b) predation by larger, predatory
invertebrates. Larger zooplankton (particularly large Daphnia) are thought to be
better competitors and are able to exclude smaller, less efficient filter-feeders.
Several hypothesis pertaining to the mechanisms involved have been suggested.
The Size Efficiency Hypothesis (Brooks and Dodson 1965) is based on the premise
that as zooplankton size increases, resource acquisition increases disproportionately
faster than metabolic requirement. Therefore, as zooplankton size increases, net
energy intake (resource intake - metabolic cost) increases. This competitive
advantage allows large species to greatly depress resources and exclude small-
bodied species. However, this competitive advantage for large-bodied species
appears to be restricted to certain conditions. For example, it is unclear whether
large species or small species are able to reproduce better under lower food
conditions. Tillmann and Lampert (1984) found that small species were able to
reproduce at lower food concentrations than large species, but Gliwicz (1990) found
that threshold food concentration (the concentration at which reproduction equals
mortality and population growth is zero) is lower in larger species, implying
superior competitive ability of larger species. However, these studies were
restricted to daphnids and were performed under contstant food conditions, thereby
limiting generalizations to other zooplankton exhibiting different feeding modes.

Alternatively, large individuals are able to survive longer than small-bodied
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individuals under conditions of severe food limitation (Threlkeld 1976, Tessier and
Goulden 1987). These observations have been supported by lab experperiments
using two zooplankton, Keratella cochlearis and Daphnia ambigua (Maclsaac and
Gilbert 1991). Daphnia excluded Keratella when food was provided in a pulsed
food availability regime. The rorifer was not excluded when food was supplied at a
continuous low concentration .

An alternate hypothesis credits predation by invertebrates for the scarcity of
small-bodied zooplankton in the absence of intense fish predation (Hall et al. 1970,
Dodson 1974, Lynch 1979). Invertebrate predators mainly use tactile information to
locate prey and, therefore, do not show a selective preference for larger zooplankton
(Swift and Forward 1981). In fact, preference is limited to smaller size classes that
are not too large to capture and ingest (Swift and Fedorenko 1975, Williamson and
Butler 1986, Williamson 1987). In the absence of fish predation, invertebrate
predators such as Chaoborus (a midge larva) can reach high densities (von Ende
1979) and can have an enormous impact on the densities of small zooplankton
(Fedorenko 1975, Lane 1979, Zaret 1980, Vanni 1988, Black and Hairston 1988,
Riessen et al. 1988, Hanazato and Yasuno 1989, Yan et al. 1991). However, Neill
(1981) found that Chaoborus had little impact on coexisting zooplankton in an
ultraoligotrophic fishless lake.

Manipulations of aquatic communities have been performed at several scales,
including whole lake, mesocosm and microcosm experiments. However,
researchers have not yet reached a consensus on which factors are most important in
determining zooplankton community structure in fishless lakes. Experimental studies
in zooplankton communities have indicated that competition (Smith and Cooper
1982, DeMott and Kerfoot 1982, Gilbert 1985, Vanni 1986, Gilbert 1988, May and
Jones 1989) or predation (Yan and Strus 1980, Neill 1984) can each be an important

determinant of the zooplankton dynamics of fishless lakes, but few studies have
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examined both factors simultaneously (Dodson 1974, Neill 1981, Vanni 1988).
This reflects the general lack of experimental field studies that have examined both

. predation and competition (Sih et al. 1985). Additionally, there has been a paucity
of experiments integrating the importance of both biotic and abiotic factors in
determining community structure (Dunson and Travis 1991).

In this study, the role of abiotic and biotic factors in preventing small-bodied
zooplankton species from dominating fishless lakes was investigated using a series
of controlled ficld experiments. These included competition with a large herbivore,
predation by invertebrate predators, and the suppression of growth by 'non-
zooplankton’ factors (e.g., pH). My investigation was unique in that it approached
the problem from the viewpoint of which factors prevent the successful invasion of
small-bodied species of zooplankton into fishless lakes (i.¢., lakes dominated by
large zooplankton).

METHODS AND RESULTS
Study Lakes

Experiments were conducted during the summers of 1990 and 1991 at the
University of Notre Dame Environmental Research Center (UNDERC) near Land Q'
Lakes, Wisconsin. Zooplankton were collected from a variety of lakes with fish and
without fish. Ed's Bog, Forest Service Bog and Tender Bog are small, dystrophic
lakes, devoid of fish probably due to their low winter oxygen content and low pH
(von Ende 1979, Rahel 1984). Dominant summer zooplankton were the dipteran
Chaoborus americanus, the cladoceran Daphnia pulex, the copepod Diaptomus
leptopus, and the rotifers Gastropus and Keratella taurocephala. Physical
characteristics of each lake are given in Table 1. These lakes were chosen because
they were previously shown to be fishless (von Ende 1979) and because their

protected nature allows experiments to be conducted free of vandalism. Morris
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Lake, used as a source of small species of zooplankton, is 4.9 ha with an epilimnetic
pH of approximately 7.18 and contains several species of fish, including northern

pike, yellow perch and minnows.

Overview

A series of four separate enclosure experiments were conducted in Ed's Bog,
Forest Service Bog, Tender Bog and Morris Lake during the summers of 1990 and
1991. The experiment done in summer 1990 was established in Ed's Bog to
determine the effects of competition with D. pulex and predation by C. americanus
on small-bodied zooplankton invading this community. This experiment was
designed to assess competitive and predatory effects, but did not address the role of
abiotic factors. However, results suggested that abiotic factors were important and,
therefore, additional experiments incorporating the role of abiotic factors were
conducted in 1991. The first two experiments of summer 1991 were designed to
compare survivorship of small-bodied zooplankton in enclosures containing water
and phytoplankton from lakes without fish (Ed's Bog, Tender Bog and Forest
Service Bog) with survivorship to a lake abundant in fish (Morris Lake). The first
1991 experiment suggested that abiotic factors may be important in preventing small
species dominance in fishless lakes. Because pH was much lower in fishless lakes
than in those with fish, the second 1991 experiment raised pH of water in fishless
lake enclosures to values equal to Morris Lake pH. The final experiment,
established in Morris Lake, investigated the relative impact of three dominant
zooplankton in the fishless lakes, D. pulex, C. americanus, and D. leptopus, on
small-bodied zooplankton from Morris Lake. The experiment done in 1990 will
hereafter be referred to as the 1990 Biotic Factors Experiment. The two ¢xperiments
investigating the influence of water quality and/or phytoplankton will hereafter be

referred to as the Abiotic Conditions & Resources Experiment and pH-Adjustment
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Experiment. The final experiment, done in Morris Lake, will hereafter be referred to
as the 1991 Biotic Factors Experiment,

Methods and results are presented sequentially for each experiment because
the rationale and design of each consecutive experiment depends on the results of the
one previous. The final discussion summarizes results and conclusions from all 5

experiments.

1990 Biotic F E .
Hypotheses

This experiment evaluated the relative impact of competition with D. pulex
and predation by C. americanus, and their interaction, on small-bodied zooplankton
invading fishless lakes. Three hypotheses were tested: 1) Competition with D.
pulex prevents the successful invasion of small-bodied zooplankton into fishless
lakes, 2) Predation by C. americanus prevents the establishment of small-bodied
zooplankton populations in fishless lakes, and 3) Interaction of both competition
with D. pulex and predation by C. americanus prevents the successful invasion of

small-bodied zooplankton into fishless lakes.

Methods

Experiments were conducted in enclosures consisting of cylindrical
polyethylene bags 1 m in diameter and 3 m in length. Bags were closed off at the
bottom and suspended from wooden frames with polystyrene floats. Four
treatments were established in a two-factor, randomized block design: 1) Daphnia:
D. pulex from Ed's Bog were added at approximately 20% natural density, allowing
2 weeks for populations to increase to ambient density. This was done to reduce the
effort required in hand-sorting individual Daphnia to establish treatments and to

allow Daphnia to attain carrying capacity naturally. 2) Chaoborus: Chaoborus
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