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THE IMPORTANCE OF THE MECHANISMS
OF INTERSPECIFIC COMPETITION

Schoener (1983, 1985) and Connell (19834) summarized more than 150 field
experiments designed to test for the existence of interspecific competition in
natural communities. Although there are differences between their reviews
(Schoener 1985), both concluded that interspecific competition was detectable in
more than half of the species studied. That more than 150 such field experiments
were available for review is a testimonial to the dissatisfaction with which ecolo-
gists have viewed traditional studies that attempted to infer the presence of
competition using correlational or distributional data.

The design of the experiments, though, is a memorial to the extent to which the
often-criticized Lotka-Volterra competition equations still pervade ecological
thought. The experiments used a nonmechanistic, Lotka-Volterra-based, phe-
nomenological definition of competition: two species compete when an increase in
the density of one species leads to a decrease in the density of the other, and vice
versa. Schoener stated, *'I consider an interspecific competition experiment to be
a manipulation of the abundances of one or more hypothetically competing
species’’ (1983, p. 241). I question whether such experiments actually measure the
“importance’ of interspecific competition in nature and whether the Lotka-
Volterra definition of competition, which is based on the interactions of a single
pair of species, applies to species living in multispecies communities. I raise these
questions and direct the comments that follow not as criticisms of Schoener’s or
Connell's reviews, but from concern about the pattern of thought in ecology that
generated the more than 150 papers available for review.

In a natural community, one species may influence a second species both
directly and indirectly (Levine 1976; Lawlor 1979; Vandermeer 1980). For in-
stance, Lawlor (1979) considered a theoretical case of four warbler species whose

. only direct interactions were competitive. Lawlor used MacArthur's (1968) field

data on competition coefficients for these four species and had the warblers
compete according to the Lotka-Volterra equations. In the four-species commu-
nity, however, one of the species pairs behaved, in total, as if they were mutual-
ists, and two other pairs behaved, in total, as if they barely interacted, even
though they were strong direct competitors. This marked difference between the
direct process of pairwise interspecific competition and the total effect that one
species has on another in a multispecies community is caused by indirect effects.
As soon as there are more than two interacting species, one species can poten-
tially influence a second species both directly and indirectly through another
species.
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Bender et al. (1984) defined a press experiment as one in which the density of
one species is changed to and held at a new level (often zero) and the resulting
equilibrial densities of all other species are measured. They showed, for the
idealized case of Lotka-Volterra competition, that the density of every species
must be manipulated in separate, replicated experiments, in order to use press
experiments to determine the actual direct effect of one species on another. Thus,
for a community with 40 species, 40 different press experiments, each of them
replicated well enough to allow statistically valid detection of the changes in
densities of all other species, would be required just to describe the direct effects
of species on each other. They stated that *‘In practice, no community ecologist
can measure the density of every potentially interacting species in a community,
yet once some species are neglected and others lumped into composite categories,
there is a real danger that indirect effects can confuse and confound the interpreta-
tion of the resuits” (Bender et al. 1984, p. 11). They discussed a second type of
density-manipulation experiment, a pulse experiment, in which the immediate
effect of a transient change in the density of one species on the population
densities and growth rates of all other species is determined. Assuming that
species follow the Lotka-Volterra equations, only two replicated pulse experi-
ments are required to determine whether two species are competing. Bender et al.
(1984) stressed, however, that the apparent ease with which pulse experiments
can demonstrate competition hinges on the assumption that the interactions are
actually governed by direct density effects with no time lags, as assumed in the
Lotka-Volterra model. For instance, pulse experiments would indicate that there
was no interaction between two species that competed for the same limiting
resources if resource availabilities changed slowly in response to density manipu-
lation. Pulse experiments thus would be an unacceptable way to study resource
competition.

As they have been performed and interpreted to date, field manipulations of
population densities are not capable of indicating what the actual process of
interspecific interaction might be. The density-based, phenomenological definition
of pairwise competition applies to interactions between two species in the absence
of any other species. It is logically incorrect to use this definition in multispecies
communities. The existence of indirect effects means that there need be no simple
relation between the actual mechanism of pairwise interspecific interaction and
"the total effect that one species has on another. Recognizing this problem, Connell
(1983a,b) suggested that we need to manipulate simultaneously the densities of
many different species. However, the work of Bender et al. (1984) demonstrated
that any attempt to simplify—to ignore just a single species—can cause press
experiments to give results that are not indicative of the actual direct interactions
among species. Pulse experiments can, in theory, overcome this problem, but
may not be capable of detecting many cases of exploitative competition (Bender et
al. 1984). Does this mean that we must manipulate the density of every species in a
community in order to learn what the direct effects of one species are on another?
Must plant ecologists manipulate the densities of every species of plant, every soil
bacterium, every fungus, every nematode, every herbivore, etc., and establish the
effects of each manipulation on the population densities and/or growth rates of all
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