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ECOMORPHOLOGY, PERFORMANCE CAPABILITY, AND
SCALING OF WEST INDIAN ANOLIS LIZARDS:
AN EVOLUTIONARY ANALYSIS!

JONATHAN B. Losos
Museum of Vertebrate Zoology and Department of Zoology, University of California,
Berkeley, California 94720 USA

Abstract.  Studies of ecomorphology —the relationship among species between mor-
phology and ecology —contain two implicit and rarely tested hypotheses: (1) that morpho-
logical differences among species result in differences in performance capability at ecolog-
ically relevant tasks, which, in turn, produce differences in behavior and ecology; and (2)
that morphology, performance capability, ecology and behavior have evolved synchro-
nously. I tested these hypotheses using the Anolis lizards of Jamaica and Puerto Rico. I
measured morphological and performance variables on recently caught lizards. Movement,
display rate and microhabitat measurements were made on lizards observed in the field.

Body size explained most of the variation in morphology and performance ability, but
was not correlated with the ecological or behavioral variables. When the effect of body size
is removed from the morphological and performance variables, the ecomorphological
hypotheses were confirmed. Species that were similar morphologically were also similar
in performance ability, ecology, and behavior. Evolutionary changes in morphology, per-
formance, and ecology and behavior (ecobehavior) were correlated. The morphology-
ecobehavior comparison revealed that: long-legged, heavy-bodied lizards jump farther in
nature, jump and display more often, walk less often, and use wide perches that are distant
from the nearest available perches; and that species with many subdigital lamellae perch
lower, use narrower supports, and walk more frequently. Inclusion of performance param-
eters revealed a relationship, in agreement with biomechanical models, between body
proportions and running and jumping capability; in turn, performance capability related
to locomotor patterns and microhabitat use. Despite the relationship between lamellae
number and ecobehavioral variables, clinging performance did not contribute to the cor-
relations with either morphology or ecology.
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INTRODUCTION

That much can be inferred about the ecology of an
organism from its morphology is axiomatic in biology;
e.g., aquatic animals have flippers, diggers have pow-
erful limbs and claws, flying organisms have wings.
Williams (1972) and Karr and James (1975) indepen-
dently coined the term ecomorphology for the rela-
tionship between more subtle aspects of morphology,
ecology, and behavior. Numerous subsequent studies
have shown correlations between morphology and as-
pects of ecology and/or behavior among members of
a community (e.g., Gatz 1979, Ricklefs et al. 1981,
Findley and Black 1983, Miles and Ricklefs 1984, Nie-
mi 1985, McKenzie and Rolfe 1986, Pianka 1986, Al-
dridge and Rautenbach 1987, Scheibe 1987, Crome
and Richards 1988, Kappelman 1988, Voss 1988). This
approach has been criticized, however (e.g., Wiens and
Rotenberry 1980, Lederer 1984, Wiens 1984), and sev-
eral studies have failed to discover a relationship be-
tween morphology and ecology (Wiens and Rotenberry
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1980, MacNally and Doolan 1986). Two problems are
crucial:

1) Ecomorphological hypotheses must assume that
differences in morphology translate into differences in
performance capability, which, in turn, result in dif-
ferences in ecology or behavior. Recent advances in
the ability to measure the performance capability of
small vertebrates at ecologically relevant tasks provide
an opportunity, heretofore unexploited, to rigorously
quantify ecomorphological relationships. Few studies,
however, have quantified the interspecific relationship
between morphology and performance capability (e.g.,
Zug 1972, Zug and Altig 1978, Emerson and Diehl
1980, Alberch 1981, Green 1981), and rarely have such
studies been coupled with field studies to thoroughly
investigate ecomorphological hypotheses (e.g., Grant
1986, Wainwright 1988), an approach originally pro-
posed by Bock and von Wahlert (1965) and reiterated
by Huey and Bennett (1986).

2) As a corollary, ecomorphological hypotheses im-
ply that the evolution of morphology and of perfor-
mance capability are tightly linked. Increasingly, ecol-
ogists are realizing that evolutionary history can be a
major factor determining present-day patterns and that
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Fic. 1. Phylogenetic relationships among Jamaican and
Puerto Rican Anolis. The top six species are from Jamaica;
the remainder are from Puerto Rico. This phylogeny is not
meant to imply that the Jamaican and Puerto Rican anole
radiations are sister taxa or monophyletic in the strict sense
of including all descendant taxa. Numbers represent the rel-
ative length of each branch. The 13 independent contrasts are
indicated by the line type (— — — or ).

phylogenetic information must be incorporated to in-
terpret them (Harvey and Mace 1982, Ridley 1983,
Clutton-Brock and Harvey 1984, Cheverud et al. 1985,
Gittleman 1985, 19864, b, Huey 1987). Indeed, to the
extent that species share similar attributes due to recent
common ancestry, they do not constitute independent
points for statistical analysis (Clutton-Brock and Har-
vey 1984). A phylogenetic approach can circumvent
this difficulty (Felsenstein 19854, 1988). By analyzing
morphology, performance capability, and relevant eco-
logical and behavioral parameters in a phylogenetic
context, one can determine whether the evolution of
morphology and performance are linked and, if so,
whether their evolution might have occurred adap-
tively with regard to ecology and behavior (Greene
1986, Schaefer and Lauder 1986, Huey and Bennett
1987, Donoghue 1989, Wainwright and Lauder, in
press).

An appropriate evolutionary ecomorphological
analysis requires a group that has radiated extensively,
producing species that differ in morphology, ecology,
and behavior; that is amenable to behavioral and eco-
logical field studies; and for which the phylogenetic
relationships are relatively well understood. The Anolis
lizards of Jamaica and Puerto Rico meet these require-
ments.

JONATHAN B. LOSOS

Ecological Monographs
Vol. 60, No. 3

BACKGROUND INFORMATION ON ANOLIS

Nearly 300 species of Anolis have been described,
122 of which occur on Caribbean islands (Henderson
and Schwartz 1984, Schwartz and Henderson 1985).
Anoles have radiated extensively in the Greater An-
tilles, producing 6 species (plus one recent colonist) in
Jamaica, 11 in Puerto Rico, and =40 each in Hispan-
iola and Cuba (Williams 1972, Henderson and Schwartz
1984, Schwartz and Henderson 1985). Here I report
studies on the anoles of Jamaica and Puerto Rico, the
phylogenetic relationships of which are reasonably well
understood (Underwood and Williams 1959, Williams
1972, Gorman et al. 1980q, b, 1983, Wyles and Gor-
man 1980, Shochat and Dessauer 1981; Fig. 1).

For the most part, intra-island differentiation has
proceeded independently on the Greater Antillean is-
lands, producing species that differ morphologically;
they are termed “ecomorphs” and named for the mi-
crohabitat they usually occupy (grass—-bush, trunk-

---- ground, trunk, trunk-crown, crown giant, and twig

[Williams 1972, 1983]). Inter-island comparisons re-
veal that the same set of ecomorphs has evolved re-
peatedly (Williams 1972, 1983, Mayer 1989). Fur-
thermore, these morphologically convergent species also
appear to have converged in behavior and ecology
(Williams 1972, 1983, Losos 1990). Mayer (1989) has
confirmed that ecologically similar species cluster to
gether in a multidimensional morphospace defined by
limb proportions and number of subdigital lamella
(see also below).

These previous studies provide the ecomorpholog
ical hypotheses I tested: they predict that morpholog
ically similar species should have similar performanc
capabilities; species with similar abilities, in turn, shoul
be similar in ecology and behavior. The null hypothes
is that the morphological grouping of species bears r
relationship to groupings based on either performan
capability or ecology and behavior.

In addition, my analysis provides a test of the h
pothesis (Peters 1983, Calder 1984) that body size
the most important factor accounting for interspec?
variation. With several exceptions, species in the sai
ecomorph category are similar in size (Williams 198§
Consequently, I investigated to what extent size a
shape account for variation in and explain correlati
among morphology, performance ability, and ecol
and behavior among species.

MATERIALS AND METHODS
Field studies

Field studies were conducted during the summe:
1987 and 1988 in Jamaica and Puerto Rico. Local
are listed in Appendix 1. Ecological data were colle
during “Rand censuses” (Rand 1964, 1967, Scho
and Schoener 1971a, b), for each lizard sightec
observer noted its species, perch (tree, ground,
etc.), height above the ground, perch diameter,



