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COMPETITION AND THE RELATIVE ABUN DANCES
OF TWO CLADOCERANS'

J. DAVID ALLAN
Department of Zoology, University of Maryland, College Purk, Md. 20742

Abstract. Two cladocerans, Daphnia parvula and Holopedium ¢ibberum, were studied to

determine (a) whether the species were competi
was predictable from competitive relationships
and interspecific competition using 14C-labelled

ng and (b) whether the observed coexistence
alone. Experimental manipulations of intra-
algae, bacteria, and detritus revealed clear

competitive effects only with algae. Some resource partitioning was demonstrated. A model
was proposed specifying Holopedium to be the poorer competitor for mutually shared re-
sources, but also to be less reliant on those mutual resources, owing to its larger niche.

This model predicts coexistence and a higher relative abundance for Holopedium. How-
ever, the dynamics of field populations did not correspond to this prediction. Daphnia was
rare and declining throughout the study whereas Holopedium exhibited a pronounced burst of
growth. Analysis of birth and death processes revealed that Holopedium was relatively free
from mortality throughout most of the study, while Daphnia suffered death rates of 20% per
day or higher. This differential mortality explains the discrepancy between the competition
model and observed densities. Finally, field studies indicated that mortality of Daphnia owing
to predation by Chaoborus larvae is more than twice that of Holopedium. Tt is concluded that
Daphnia and Holopedium could coexist in a purely competitive system; however, because of
selective predation, their observed abundances correspond little to their competitive status.

INTRODUCTION

Evidence exists that competition occurs in natural
populations (Connell 1961, Wilbur 1971) and that
competition may determine species distributions
(Beauchamp and Ullyot 1932, Connell 1961, Ter-
borgh 1970). A further subject for inquiry is the
role competition plays in determining relative abun-
dances in nature.

My primary focus is the importance of competi-
tion between two species of Cladocera: Daphnia
parvula Fordyce and Holopedium gibberum Zaddach.
As predation plays a well-documented role in the
zooplankton (Brooks and Dodson 1965). I also in-
vestigated predator selectivity. In order of complex-
ity. the specific questions are (1) Do the two pop-
ulations in fact compete? (2) Is their coexistence
explainable in terms of different use of resources?
That is, can it be experimentaily demonstrated that
each inhibits its own resource acquisition more than
that of its competitor? (3) Can we identify the crit-
ical food resource (algae, bacteria, or detritus) in
the dynamics of competition-coexistence? (4) What
predictions regarding the relative abundances of the
two species can be made from the analysis of com-
petitive interactions? That is, what priorities may be
assigned to competition and predation?

The study has threec approaches. First, | performed
field experiments varying the level of intraspecific
and interspecific competition for (. Jabeled food.
Second, an analysis of population dynamics com-
pared field abundances to those predicted by the
competition model. and provided estimates of the
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relative contribution of birth and death processes to
changes in population density. Third, I conducted
field experiments with perch and Chaoborus to de-
termine their contribution to zooplankton mortality.
These estimated death rates were compared with ob-
served death rates. In synthesizing this information
| am attempting to define the role that competitive
interactions play in determining the relative abun-
dances of Daphnia parvula and Holopedium gib-
berum under field conditions. :

COMPETITION

Hummingbird Lake is a small bog lake in southern
Gogebic County in the western portion of Michigan’s
Upper Peninsula. The approximate size is 200 m by
75 m with a maximum depth of 5.5 m. It is located
on a tract of land owned by the University of Notre
Dame and has remained relatively undisturbed for
at least two decades. During the spring and summer
Hummingbird Lake has large populations of zoo-
plankton and phantom midge larvae (Chaoborus
spp.). The predominant cladocerans were Bosmina
Jongirostris and Daphnia parvula during the summer
of 1969, and D. parvula and Holopedium gibberum
during 1970 (Fig. 1). Copepods (Cyclops sp.) and
yellow perch (Perca flavescens) were present in both
years.

For a competing pair of species to achieve stable
coexistence. each species must limit its own further
increasc more than it limits or is limited by the other.
Experiments were conducted varying the levels of
intraspecific and interspecific competition and mea-
suring the relative uptake of labeled food. Then if the
food uptake of each species is reduced more by



