e
ELSEVIER

TRENDS in Ecology and Evolution Vol.18 No.11 November 2003 549

[Research Focus

The ecological play of predator-prey dynamics in an

evolutionary theatre
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Although over 40 years of theory have addressed how
evolutionary processes can affect the ecology of
predator—-prey interactions, few empirical data have
addressed the same issue. Shertzer et al. and Yoshida
et al. have recently combined manipulative experiments
with mathematical models to demonstrate that evo-
lutionary change in an algal prey strongly affects com-
munity dynamics with their rotifer predator. These
studies contribute to recent developments in community
genetics and the diversity-stability debate.

Population fluctuations in space and time are common in
nature and are important throughout the field of biology,
from human health to conservation. In studying population
dynamics, much research has addressed how predator—prey
interactions affect population stability. Ecologists typically
treat predator and prey populations as homogeneous sets of
individuals, rather than genetically diverse populations that
are capable of evolution. Predator and prey do frequently
coevolve, however, because they respond to reciprocal biotic
selection [1]. Some 70 years ago, E.B. Ford was perhaps the
first to document that evolutionary change and population
fluctuations can occur concurrently and interdependently
[2]. The first models to depict how evolution in the predator
and/or prey could affect predator—prey population dynamics
followed 30 years later [3,4] and, in the past decade, there has
been an explosion of interest and development of this theory
[5], including the prediction that evolution in prey popu-
lations could drive out-of-phase predator—prey cycles [6].
Shertzer et al. [7] and Yoshida et al. [8] have now combined
mathematical theory with experimental results to provide
the strongest support yet that evolution within a predator—
prey community can shape population dynamics.

This story began with the observation that an alga
(Chlorella) and a rotifer (Brachionus), which eats the alga,
exhibit predator—prey cycles [9,10]. Fussmann et al. [11]
modeled the predator—prey dynamics of C. vulgaris and its
predator B. calyciflrus in a chemostat, and predicted one of
several outcomes: (i) predator—prey equilibrium; (ii) stable
limit cycles; or (iii) extinction of the predator or both the
predator and the prey. The outcome depended on the input
concentration of the algal-limiting nutrient (nitrogen), and
the rate at which the medium was delivered and removed
(the dilution rate). Experiments corroborated the patterns
and mechanisms predicted from the model, but the model
poorly described quantitative aspects of the predator—prey
cycles. The predator—prey cycles were longer than the
predictions of the model and exactly out of phase (i.e. prey
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maxima coincided with predator minima, and vice versa) as
opposed to predator maxima being one-quarter of a cycle
behind the prey minima, as suggested by the model.

To explore the mechanistic basis of the predator—
prey cycles, Shertzer et al. [7] compared mathematical
models, which represented different ecological and
evolutionary hypotheses, with experimental data.
These hypotheses examined the effect of predator
and prey quality and quantity on cycles, whereas the
previous model by Fussmann et al. [11] only con-
sidered prey quantity. The new models from Shertzer
et al. showed that the cycle period and phase
relationships between Chlorella and Brachionus could be
explained by rapid evolution of prey resistance to the
predator.

Most recently, Yoshida et al. demonstrated heritable
variation for antipredator resistance in Chlorella using
selection lines (Chlorella were grown in the presence or
absence of Brachionus), and validated the model assumption
of a tradeoff between resistance to Brachionus and
competitive ability in the absence of the predator. Previous
models [7,11] were refined by explicitly defining genetic
structure as different clones, which continuously varied in
food quality and competitive ability. Simulations with
diverse algal populations (i.e. two or more clones) typically
exhibited long predator—prey cycles that were perfectly out
of phase, as previously observed [7,11]. Simulated popu-
lations with a single clone exhibited short cycles with
predators being one-quarter out of phase with prey popu-
lations. Yoshida and colleagues tested these refined model
predictions by manipulating chemostat communities tohave
either a single clone in the prey population or a mixture of
clones. Experimental results were strikingly congruent with
predictions of both cycle period and phase for simple and
diverse communities.

An important question remains: how is genetic variation
maintained in prey populations? Strong and rapid selection
can erode genetic diversity, but model simulations by
Yoshida et al. typically resulted in the maintenance of
two—three algal genotypes [8]. Predation and the compe-
tition—resistance tradeoff are probably responsible for the
maintenance of this variation. Predator density increases
when thereis an abundance of predator-susceptible algae; as
rotifer density increases, they drive the abundance of
susceptible algae down, favouring the proliferation of
resistant algae. Eventually, predators decrease in abun-
dance because of a lack of high-quality food, enabling the
cycle to repeat itself once susceptible algae multiply and
outcompete the resistant algae.
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Experimental support for past theory

A previous synthesis of theory about how evolution can affect
population cycles has led to several general predictions [5],
which are supported by the Brachionus—Chlorella system.
First, evolution of either the predator or prey is most likely to
affect predator—prey dynamics when natural selection
results in rapid evolution. This condition is clearly met in
Brachionus-Chlorella chemostat communities, and adds to
anincreasing list of examples of rapid evolution [12]. Second,
predator—prey dynamics are more likely to be affected by
rapid evolution of the prey, as opposed to evolution of the
predator population. Yoshidaet al. [8] provide support for the
ecological effects of prey evolution, although the effect of
predator evolution on the ecology of this community is still
unclear (but see [13]). We know of no studies testing the
ecological effects of rapid evolution in predator populations,
although rapid evolution in herbivores, seed predators and
parasites have been documented [12]. Third, the presence of
out-of-phase stable-limit cycles between Brachionus and
Chlorella support earlier theoretical predictions about the
influence of the evolution of prey resistance on predator—
prey dynamics [6]. Finally, Abrams [5] reported that
evolution in either the predator or prey could stabilize or
destabilize the ecological interaction, depending on the type
of model and the assumptions made about the biology of the
predator and prey. As we discuss below, the mathematical
models and chemostat communities presented by Yoshida
et al. [8] suggest that evolution in the algal population does
increase stability in predator—prey dynamics under some
conditions.

Community genetics and the diversity-stability
relationship

The results of Shertzer et al. and Yoshida et al. emphasize
the importance of studying species interactions within a
community genetics framework. Community genetics is the
study of intraspecific genetic variation and its ecological and
evolutionary consequences within communities [14]. An
increasingnumber of studies have taken such an approach to
understand speciesinteractions. For example, Whitham and
colleagues studied the macroecological significance of
evolutionary processes [15]. In particular, they showed
that genetic variation in plants can affect diverse commu-
nities of insect herbivores, nesting birds and fungi [16,17]. A
community genetics framework has also been applied to
studying the evolutionary consequences of ecological pro-
cesses in simple communities. These studies found that
population dynamics and trophic interactions can affect the
rate of resistance evolution in pests to genetically engineered
crops [18]. The Chlorella—Brachionus studies add to our
understanding of community genetics by demonstrating
that rapid evolution can have predictable ecological
consequences.

The genetic structure of a community might not only
affect population and evolutionary processes, but also
fundamental relationships in community ecology. For
example, the results presented by Yoshida et al. could have
implications for the diversity—stability concept, which has
focused on the ecological- and ecosystem-level consequences
of interspecific diversity [19,20]. We see a link between
Yoshida et al.’s results and the traditional diversity concept,
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in that increased intraspecific diversity can increase com-
munity stability. Two lines of evidence support our proposed
intraspecific diversity—stability hypothesis. First, commu-
nities with diverse prey populations exhibit equilibria over a
greater range of conditions than do communities with a
single prey clone. Also, when predator—prey cycles occur,
populations are more likely to exhibit extreme values in
communities where prey populations have low diversity.

Yoshida et al. report that predators and prey exhibit
stable equilibria at low and high dilution rates [8], but, as
seen in their supplementary figure, the range at which
communities with a single prey clone exist at equilibrium is
narrower than that of diverse communities. These findings
suggest that genetically diverse prey that are capable of
rapid evolution will exhibit stable equilibria with their
predators over a greater range of conditions than commu-
nities with less diverse prey populations. We illustrate this
idea by modifying the original bifurcation diagram from
Fussmann et al. [10] with the data from Yoshida et al. [8]
(Figure 1la) to show that diverse populations were at
equilibrium over a greater range of dilution rates than
were genetically uniform populations. Thus, we predict that
predators and their prey will exhibit stable equilibria over a
greater range of conditions when the prey population is
genetically diverse.

When predator and prey do cycle, they are more likely to
exhibit large amplitude cycles when the genetic diversity
of the prey is low. Using both models and experiments,
Yoshida et al. [8] consistently found that predators and
prey exhibited moderate amplitude cycles when prey
populations were genetically diverse. Conversely, geneti-
cally uniform prey populations exhibited greater variation
in population dynamics. Model simulations showed that,
by varying the resistance phenotype of the prey, stable
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Figure 1. Genetic diversity and community stability (a) and population variation
(b). (a) Bifurcation diagrams for prey populations with high (blue line) and low (red
line) genetic diversity in a one-prey one-predator community. Stable equilibrium
occurs in the high or low diversity populations where there is only a single line for
a given dilution rate, whereas predator and prey cycle in the region where lines are
separated. Where lines are separated, the maximum and minimum abundance of
a population during cycles are indicated by the upper and lower lines, respectively.
Predator bifurcation diagrams are excluded for simplicity. (b) Genetic diversity and
population variation. The predicted effect of intraspecific genetic diversity in the
prey on the variation in either the population of the prey or predator. The lines
show the upper and lower limits for the coefficient of variation as would be
measured from replicate communities. Large variation would be observed at low
genetic diversity where differences in algal resistance would have a strong affect
on the amplitude of populations cycles (L.E. Jones and S. Ellner, pers. commun.),
leading to greater variation between replicate communities.
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equilibrium, small amplitude cycles, or large amplitude
cycles that closely approach zero were all possible out-
comes for a predator—prey community in a chemostat
(L.E. Jones et al., unpublished). Using this result, we
predict that the variance of a population in simple
communities will itself become smaller as genetic diversity
in the prey increases (i.e. the variance of the coefficient of
variation will decrease) (Figure 1b). For this reason,
communities with low prey genetic diversity will exhibit
extreme cycles more frequently than will communities
with high prey genetic diversity.

Future directions

Recent theoretical and empirical research on the biology
of predator—prey interactions shows the clear benefit
of combining ecology and evolution under the single
umbrella of community genetics [14,21]. Within this emer-
ging field, the time is ripe to test questions extending on the
work of Yoshida and colleagues. Does coevolution occur on
the same time scale as predator—prey cycles, where cycles
and evolution in the prey are accompanied by rapid evolution
inthe offensive traits of the predator [22]? Can the addition of
species in the simple two-species community lead to diffuse
coevolution [23]? Does increased intraspecific diversity
beget ecological stability in ways that are similar to
interspecific diversity? Such questions can be challenging
to test in natural communities, although their importance is
clear. Shertzer et al. [7] and Yoshida et al. [8] have taken a
leap forward in our understanding of the ecological
consequences of evolutionary processes.
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Climate-vegetation dynamics in the fast lane
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Evidence from paleoclimatological research indicates
that major climatic changes, such as the rapid increase
in temperatures at the end of the Younger Dryas event
~11 000 years ago, can occur over the span of a few
decades. Vegetation response to climatic variation and
change, is, by contrast, often assumed to occur gradually
over much longer timescales. Two recent papers confirm
earlier, theoretical predictions that changes in species
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composition of plant communities following climatic
shifts can, however, occur with striking rapidity.

The predominance of large mammalian grazers at high
latitudes during the Pleistocene hints at a vegetation
composition that is very different from the chemically
defended trees and shrubs that are characteristic of the
Arctic and sub-Arctic today [1]. Although the demise in the
far north of horses, camels, wooly rhinos, steppe bison and
wooly mammoths has been ascribed to many factors,
including human exploitation, disease, interspecific
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