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Abstract

Two approaches characterize the study of evolutionary ecology. Prospective
studies investigate how present-day ecological processes may lead to evolu-
tionary change; retrospective studies ask how present-day ecological condi-
tions can be understood as the outcome of historical events. I argue that the
most appropriate test of an evolutionary ecological hypothesis requires an
integration of these approaches. I illustrate this approach by examining the
hypothesis that interspecific competition has been the driving force behind the
evolutionary radiation of Anolis lizards in the Caribbean. This hypothesis is
supported by four lines of evidence: 1. Anole communities are structured by
competition; 2. Populations alter resource use in the presence of congeners; 3.
Microevolutionary adaptation occurs in response to resource shifts; and 4.
Macroevolutionary patterns are consistent with interspecific competition as the
driving force behind anole adaptive radiation.

INTRODUCTION

A schism exists in the field of evolutionary ecology. To some, evolutionary
ecology is prospective, inquiring how present-day ecological processes may
lead to evolutionary change, whereas for others, the emphasis is retrospective,
asking how present-day ecological conditions can be understood as the out-
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come of historical events. This dichotomy can be seen by comparing Pianka’s
(89) ecologically oriented Evolutionary Ecology with Cockburn’s considerably
more evolutionary Introduction to Evolutionary Ecology (11) or by perusing
the pages of the journal Evolutionary Ecology.

Although some authors suggest that “evolutionary ecology” should include
both perspectives (e.g. 3, 101), most practitioners in the field usually consider
only one. For example, I examined all papers in the first four volumes of the
journal Evolutionary Ecology in addition to a haphazard survey of papers,
books, and symposia with “evolutionary ecology” in the title. Of the papers
surveyed, only 5.3% considered both aspects of evolutionary ecology. By
contrast, 85.3% focused on prospective approaches and 9.3% dealt with his-
torical determinants of currently observed ecological patterns.

Although both retrospective and prospective studies are interesting in their
own right, each of these approaches is limited in scope. By their nature,
historical studies concern patterns and their interpretation; experimentation is
not possible. Thus, for example, one may make deductions about historical
sequences or how the evolutionarily-acquired features of taxa limit or channel
their ecology, but these inferences can be tested only in a correlational manner
with historical data. On the other hand, although one can directly measure and
experimentally verify the existence and magnitude of currently operative eco-
logical processes, one cannot demonstrate either that these processes have
operated in the past, or that the processes, extrapolated cver time, are sufficient
to explain evolutionary patterns.

An integrative approach, by contrast, can provide broad insight into the
factors regulating biological diversity. The prospective and retrospective ap-
proaches are complementary. Historical approaches can suggest hypotheses
about which processes have been important in shaping biological diversity.
Prospective studies can verify the importance of these processes, at least in
contemporary communities, and can examine whether they lead to microevo-
lutionary change in the direction predicted by historical studies. Consider, for
example, a hypothesis, addressed below, that interspecific competition has
been the driving force behind adaptive radiation in a given lineage. This
hypothesis entails three predictions: 1. Historical patterns implicate competi-
tion as a cause of evolutionary diversification; 2. interspecific competition is
demonstrably important in present-day communities; and 3. such competition
leads to microevolutionary change which, if extrapolated sufficiently over
time, would produce observed macroevolutionary patterns. Confirmation of
all three premises would strongly support the hypothesis that competition has
been the primary force determining community structure and diversification.

One of the first attempts to integrate phylogenetic and prospective ap-
proaches to evolutionary ecology was a pioneering analysis of the evolution
of communities of Anolis lizards in the Caribbean (141). In that paper, Williams
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argued that interspecific competition was the driving force behind the diver-
sification of Caribbean anoles. The subsequent 22 years have seen both a
tremendous amount of research on Anolis ecology and evolution and major
conceptual advances in how these fields are studied.

The goals of this paper are two-fold. First, the body of the paper attempts
to demonstrate the power of an integrative approach by focusing on the hy-
pothesis that interspecific competition has been the major force guiding the
community structure and evolution of Caribbean Anolis lizards. I address the
three predictions detailed above by arguing that competition is a potent force
structuring present-day anole communities, that anoles have evolved adapta-
tions to allow resource partitioning, and that historical analyses implicate
competition as a driving force in the anole adaptive radiation. Second, in the
latter part of the paper, I return to a broader discussion of integrative ap-
proaches to evolutionary ecology and particularly address the question of how
to interpret situations in which independent lines of investigation are incon-
sistent with respect to a given hypothesis.

BACKGROUND ON ANOLIS

Anolis is one of the largest vertebrate genera, with approximately 300 described
species, half of which occur on Caribbean islands. Anoles are typically small,
arboreal insectivores, but interspecific variation exists in size, habitat, and diet
(see 130). Most of the small islands in the Caribbean contain 1-2 species of
anoles, although islands that were part of considerably larger landmasses
within the past 10,000 years, such as the Bahamas and satellite islands in the
Greater Antilles, may have larger anole faunas (96, 123). Radiations on each
of the Greater Antilles, however, have been more extensive, resulting in local
communities with as many as ten sympatric species; total diversity exceeds
40 species on both Hispaniola and Cuba (142; Figure 1).

These radiations have produced essentially the same set of ecological types,
termed “ecomorphs,” on each island. An ecomorph is a group of “species with
the same structural habitat/niche, similar in morphology and behavior, but not
necessarily close phyletically” (141, p. 82). Quantitative morphological mea-
surements indicate that members of each ecomorph type are truly convergent
in morphology; species do indeed cluster in morphological space by ecomorph
type rather than by phylogenetic affinity (69, 80). These differences in mor-
phology correlate with differences in ecology and behavior (65, 67, 82, 83);
functional studies indicate that differences in locomotor capabilities are re-
sponsible for these ecomorphological correlations (66, 75).

Ecomorphs are named for the microhabitat they normally utilize. Four
ecomorph types (trunk-ground, trunk-crown, crown-giant, and twig) are com-
mon to all four Greater Antillean islands. The grass-bush ecomorph is present



470  LOSOS

2
Florida Atlantic Ocean

%a w‘\\s-' Bahamas
\ -1

. —4
) <=
O Cuba X .
40* &
. - Puerto Rico
o 1 .
Q_ T D‘: -; lf‘\ ¢
Jamaica Hispaniola Lo
7 40* T B
» AVQ
> a%
Caribbean Sea =,
a2
&

o

>

Figure 1 Caribbean islands and their anole species diversity.

on three of the islands but absent in Jamaica, whereas the trunk ecomorph is
found only on Hispaniola and Cuba.

Higher-level phylogenetic relationships within anoline lizards are still
controversial (5, 7, 33, 34, 37, 143), but reliable phylogenies exist for the
radiations on Jamaica and Puerto Rico (see 69). Despite uncertainty about
anoline relationships, the radiations on the islands clearly have been, for the
most part, independent (142). Consequently, members of an ecomorph type
are similar as a result of convergent evolution rather than recency of common
ancestry.

INTERSPECIFIC INTERACTIONS AND THE EVOLUTION
OF COMMUNITY STRUCTURE

Interspecific competition has often been invoked as the underlying driving
force in adaptive radiation in general (22, 29, 114), and in the Caribbean
anoline radiation in particular (69, 104, 141). Although particular hypotheses
differ in details (69, 104, 141), all share a common scenario: Ecologically
similar species compete strongly, creating strong selective pressure for species
to diverge in resource use, thereby allowing coexistence. These competitive
processes, extended over macroevolutionary time, are postulated to have pro-
duced the adaptive radiations observed today.
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Four explicit predictions stem from the hypothesis that interspecific com-
petition drives adaptive radiation:

1. Anole communities are structured by competition.

2. To minimize competitive pressures, populations alter their resource use as
a function of which competitors are sympatric.

3. Microevolutionary (defined here as equivalent to within-species) changes
in physiology, morphology, and behavior occur as populations adapt to
alterations in resource use.

4. Macroevolutionary patterns are consistent with a scenario of adaptation to
specialized niches in response to interspecific competition.

In the following, I illustrate that the evidence for these four propositions is
strong.

Anole Communities Are Structured by Competition

SYMPATRIC ANOLES DIFFER IN RESOURCE USE Differences in resource use
among sympatric species have often been taken as evidence of ongoing and/or
past competition (13, 124). Anolis species partition resources along three axes
(93, 94, 98, 142): prey size, which is strongly correlated with body size (102,
115, 116, 125; but see 21); structural habitat, usually defined by measurements
of perch height and diameter; and microclimate (i.e. thermal habitat). In the
Greater Antilles, sympatric species invariably differ on at least one of these
axes, with partitioning by structural habitat being most common (98, 116, 121;
126, 127). By contrast, in the Lesser Antilles, sympatric species invariably
differ along at least two axes (106).

Variation in which resource axes are partitioned The relative importance
of these resource axes exhibits geographic and lineage-based differences. In
the Lesser Antilles, species on two-species islands always differ greatly in
body size, with one exception (118). However, the species differ in which
the other resource axis is partitioned. In the northern Lesser Antilles, species
(bimaculatus series) differ more in structural than in climatic microhabitat,
whereas in the southern Lesser Antilles (roquet lineage), the reverse is true
(106).

Similarly, in the Greater Antilles, where sympatric species partition re-
sources on at least one axis, variation exists in which axis is partitioned by
sympatric members of the same ecomorph [a null model confirms that sym-
patric members of the same ecomorph are more ecologically distinctive than
expected by chance (118); exceptions occur at zones of contact between
parapatric species (142)]. In contrast to the situation in the Lesser Antilles,
however, the variation correlates with differences in structural habitat, rather



