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Male ornaments have been the subject of numerous studies on sexual selection and communication, although
female ornaments have garnered substantially less study, even though female ornaments are well developed in
some species. The factors that have propelled the evolution of elaborate ornaments in females are poorly
understood but may include genetic correlations between the sexes, social selection, sensory drive or species
recognition. We used simulation-based comparative methods and a newly estimated phylogeny to test these four
hypotheses to explain female ornamentation within the diverse neotropical lizard genus Anolis. We found support
for the sensory drive hypothesis and the social selection hypothesis; the female dewlap was larger in species that
use more arboreal habitats, as well as in species where the sexes were less dimorphic. We did not find support for
the genetic correlation hypothesis or the species recognition hypothesis. We propose that the size of the female
dewlap may evolve in response to sensory drive differentially affecting species in different habitats, as well as social
selection such as male mate choice or intrasexual competition for territory among females. © 2012 The Linnean
Society of London, Biological Journal of the Linnean Society, 2012, 106, 191–201.

ADDITIONAL KEYWORDS: comparative methods – sensory drive – signalling – social selection – species
recognition.

INTRODUCTION
Animal ornaments are some of the most astonishing
structures in the natural world. Male ornaments
have been shown to function as badges of status or
indicators of condition among competing males, and
also as signals to attract females (Andersson, 1994;
Alcock, 2001). Males also use ornaments to advertise
species identity (Alatalo, Gustafsson & Lundberg,
1994; Andersson, 1994) and to communicate alertness
to predators (Caro, 1995). In many species, females
also possess ornaments, yet the funtion of female
ornamentation remains unclear, in part because most
studies of ornament evolution focus on males.
Four main hypotheses have been advanced to
account for the occurrence of female ornaments. Early
*Corresponding author. E-mail: asharris@fas.harvard.edu

studies on ornamentation assumed that female ornaments were a byproduct of selection on males (the
genetic correlation hypothesis: Darwin, 1871; Lande,
1980; Amundsen, 2000a, b). In other words, females
may develop male ornamentation because selection
on one sex will lead to a correlated response in the
other sex (Lande, 1980; Amundsen, 2000b). However,
comparative studies in birds and lizards have shown
that transitions from sexual monochromatism to
dichromatism are common (birds: Amundsen, 2000b;
lizards: Wiens, 1999; Ord & Stuart-Fox, 2006), which
indicates that male and females ornaments not only
can evolve in tandem, but may also be decoupled
when dimorphism is favoured by selection.
A second hypothesis to explain female ornaments is
social selection, which invokes either female courtship of males or territorial defence to explain the
exaggeration of female ornaments (West-Eberhard,
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1983). A male preference for showy females has been
demonstrated in guppies (Amundsen & Forsgren,
2001) and some birds (Amundsen, 2000b). However,
in an equal number of bird species, males showed no
preference or the experimental results were equivocal
(Amundsen, 2000b). Studies on the role of female
ornaments in territorial defence are limited; in at
least one species, the size of a female ornament was
shown to affect the outcome of female–female competition for nest sites (West-Eberhard, 1983), although
more studies of female territorial interactions are
needed before the generality of this hypothesis can be
assessed.
Selection for species recognition has also been suggested as an explanation for variation in female ornamentation (Williams & Rand, 1977; Paterson, 1985;
Amundsen & Pärn, 2006). Reliable species recognition mechanisms may be important to prevent interspecific mating, courtship or aggression, which can
be costly to both males and females. The ability to
correctly identify conspecifics will be especially important in diverse communities, where the potential
for mistakes is greater. The species recognition
hypothesis has not been explicitly tested for females,
although male ornaments have been shown to function in species recognition in a wide variety of organisms (Losos, 1985; Searcy & Brenowitz, 1988; Alatalo
et al., 1994; Hankison & Morris, 2002). Interspecific
hybridization is generally considered to be more
costly to the female, which may explain why species
recognition cues are more common in males.
A fourth hypothesis to account for the evolution of
female ornaments is sensory drive, which posits that
optimal signal characteristics will vary depending on
the environment (Endler, 1990, 1993). Variation
in female ornamentation may reflect differences in
habitat use among species, rather than differences in
signal function. For example, in dim environments
large, bright signals will be favoured, whereas, in
bright habitats, smaller, dark signals will be more
effective at attracting attention (Leal & Fleishman,
2002). In a study of agamid lizards, Stuart-Fox & Ord
(2004) found that the number of ornaments in both
males and females was correlated with habitat openness. It was suggested that this correlation might be
the result of habitat differences or, alternately, differences in predation pressure among different habitats
could produce this pattern.
Lizards in the neotropical genus Anolis provide
an ideal opportunity to test these hypotheses in
a phylogenetic comparative context. Almost all of
the approximately 400 species of anole use an erectable flap of colourful skin on the throat, the dewlap,
for communication. The size and the colour of both
the male and female dewlap vary greatly among
species, although, in many species, females lack a

dewlap altogether (Williams & Rand, 1977; Nicholson, Harmon & Losos, 2007). Moreover, anoles utilize
a diverse array of habitats and social behaviours
(Losos, 2009). The phylogenetic relationships among
species are also relatively well known (Poe, 2004;
Nicholson et al., 2005), although mainland species
have been under-represented in past studies.
The dewlap is extended by males when courting
females and defending territories (Jenssen, Orrell &
Lovern, 2000); they may also display the dewlap
when they become aware of the approach of a predator (Leal & Rodriguez-Robles, 1997). Male dewlap
colour has also been suggested to facilitate species
recognition (Williams & Rand, 1977; Losos, 1985).
Habitat characteristics such as the light environment
are also correlated with male dewlap colour (Leal &
Fleishman, 2002) and size (Losos & Chu, 1998). In
summary, the evidence suggests that social selection,
species recognition, and sensory drive are all involved
in the evolution of the dewlap of male Anolis.
Female dewlap size in anoles ranges from complete
absence to very large (Fig. 1) (Fitch & Hillis, 1984).
When present, the female dewlap usually exhibits the
same coloration as the male but, in a few species, the
male and female dewlaps may differ dramatically in
colour or pattern (e.g. Anolis fitchi, Anolis lyra: Fig. 1;
Anolis chocorum, Anolis lemurinus: Savage, 2002;
Anolis johnmeyeri: Köhler, 2003; Anolis nitens, Anolis
transversalis: Bartlett & Bartlett, 2003; Anolis insignis: Losos, 2009). For species where the female
dewlap is well developed, female displays have been
observed in the absence of other lizards [Anolis
(Chamaeleolis) barbatus: Leal & Losos, 2000; Anolis
fowleri: L. Mahler pers. comm.] or during unsuccessful courtship attempts by conspecific or heterospecific
males (Anolis valencienni: Hicks & Trivers, 1983).
Similar to males, females often defend exclusive territories, although the dewlap is not critical to female
territoriality because many species lacking a female
dewlap defend territories using push-up and head-bob
displays (e.g. Anolis lineatopus: Rand, 1967; Anolis
nebulosus: Jenssen, 1970; Anolis polylepis: Andrews,
1971; Anolis aeneus: Stamps, 1973; Anolis garmani:
Trivers, 1975; Anolis carolinensis: Nunez, Jenssen
& Ersland, 1997: Anolis bahorucoensis: Orrell &
Jenssen, 1998). In a recent survey of the diversity of
male dewlap colours and patterns, Nicholson et al.
(2007) suggest that female behaviour or habitat differences may explain variation in female dewlap size.
In addition, they note that, among Caribbean anoles,
females of species that use twigs and large canopy
perches appear to have relatively large dewlaps, suggesting that habitat differences may explain variation
in female dewlap size.
We set out to investigate the factors that
influence the evolution of female dewlap size by (1)
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Figure 1. Males (top) and females (bottom) of ten species of Anolis, demonstrating the range of male and female dewlap
sizes. A, Anolis sagrei. B, Anolis equestris (DLM). C, Anolis chlorocyanus (DLM). D, Anolis homolechis (DLM). E,
Anolis lyra (FA). F, Anolis fitchi (FA). G, Anolis carolinensis. H, Anolis angusticeps (DLM). I, Anolis limifrons. J, Anolisgarridoi (DLM). Note the striking contrast in males and female dewlap colour for A. lyra and A. fitchi. Photos were
contributed by Luke Mahler (DLM) and Fernando Ayala (FA).
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Table 1. Hypotheses, predictions, and results for four hypotheses proposed to explain variation in female dewlap size
Hypothesis

Prediction for female dewlap

Statistical support

Genetic correlation
Social selection
Species recognition
Sensory drive

Positive correlation with male dewlap size
Negative correlation with SSD
Larger in multispecies communities
correlation with primary habitat

c2 = 55.02, P = 0.30
F = 6.10, P = 0.01
F = 1.184, P = 0.55
F = 29.946, P < 0.001

SSD, sexual size dimorphism.

characterizing the phylogenetic distribution of
enlarged female dewlaps in Anolis and (2) using comparative methods to look for correlated evolution
between female dewlap size and several morphological and ecological variables.
We tested the predictions of four hypotheses: the
‘genetic correlation’ hypothesis, which predicts that
male and female dewlap size will be correlated, the
‘social selection’ hypothesis, which predicts a correlation between female dewlap size and traits that reflect
the mating system, such as sexual size dimorphism (an
approximate proxy for male–male competition for
mates; Stamps, 1983; Ord, Blumstein & Evans, 2001;
but see also the discussion in Butler, Schoener & Losos,
2000; Losos, 2009); the ‘species recognition’ hypothesis,
which predicts that the female dewlap will be reduced
in single-species communities; and the ‘sensory drive’
hypothesis, which predicts a correlation between
dewlap size and microhabitat use. These hypotheses
are summarized in Table 1.

MATERIAL AND METHODS
DATA COLLECTION
We compiled data on 228 species from the Anolis
Handlist (Williams et al., 1995), primary literature,
specimens from the Museum of Comparative Zoology,
and specimens from the personal collection of Steve
Poe. We recorded the sizes of the male and female
dewlap relative to body size (0 = no extensible dewlap;
1 = posterior edge of dewlap reaches shoulder or is
anterior to it; 2 = posterior edge of dewlap is posterior
to shoulder), sexual size dimorphism (SSD; log male/
female snout–vent length, sensu Butler et al., 2000),
and community composition (1 = species occurs on
multispecies island or mainland; 0 = solitary species
on an island). Ninety-three species from the Greater
Antilles were also categorized by primary habitat, as
reflected by ecomorph classification (crown-giant,
grass-bush, trunk-crown, trunk-ground, trunk, and
twig: assignments sensu Losos, 2009).

PHYLOGENETIC

TREES

We used maximum parsimony (PAUP; Swofford,
2003) to estimate phylogenetic relationships for 233

species of Anolis and eight outgroups using 1673
parsimony-informative characters from DNA sequences (Nicholson et al., 2005) and morphology (Poe,
2004; Poe, unpubl. data). This analysis resulted in
6240 equally parsimonious trees. Reliable branch
lengths were not available as a result of uneven
coverage of the datasets (i.e. many species were only
scored for 50 characters of external morphology);
therefore, we set all branch lengths to one, corresponding to a speciational model of phenotypic evolution. We generated a 50% majority-rule consensus
tree generated using the CONSENSE package in
PHYLIP (Felsenstein, 2005), and traced the character
history of the female dewlap on this tree using MESQUITE (Fig. 2) (Maddison & Maddison, 2004).

COMPARATIVE

ANALYSIS

We measured the phylogentic signal using Pagel’s l to
determine whether phylogenetic correction was necessary for our analyses (Pagel, 1999; Freckleton, Harvey
& Pagel, 2002; Revell et al., 2008). When l is equal to
1, related species are similar as expected under a
Brownian motion model of evolution, whereas a value
of 0 indicates that the data lack phylogenetic structure. High values of l suggest that species are similar
in proportion to their shared history, indicating that
statistical tests that treat species as independent data
points would be inappropriate. We used the software
BAYESTRAITS to calculate the maximum-likelihood
value of l for both male and female dewlap size, and
used a likelihood ratio test to determine whether this
value differed significantly from 0, thereby necessitating phylogenetic correction (Pagel & Meade, 2006).
Both male and female dewlap size were coded as
ordinal data, although the underlying trait is continuous. Most comparative methods require data that are
continuous (Felsenstein, 1985; Garland, Harvey &
Ives, 1992; Martins, 1994; Martins & Hansen, 1997),
binary (Pagel & Meade, 2006) or categorical (Garland
et al., 1993), and may be inappropriate for ordinal
data. Therefore, to estimate the significance of our
results at the same time as controlling for phylogenetic relatedness, we conducted standard statistical
tests, and compared the outcome with a null distri-

© 2012 The Linnean Society of London, Biological Journal of the Linnean Society, 2012, 106, 191–201

EVOLUTION OF AN ORNAMENT

195

Figure 2. A 50% majority-rule consensus tree of 6240 equally parsimonious trees showing a reconstruction of female
dewlap size. Dotted black branches indicate a large dewlap (posterior margin extends beyond the shoulder), grey branches
indicate a small dewlap (posterior margin at or anterior to the shoulder), and black branches indicate the absence of a
dewlap. Taxa for which data is missing, or where the character-state reconstruction is ambiguous, are shown as a dotted
grey line. There are several groups within Anolis that are recognized as distinct clades and which are sometimes referred
to as different genera. Where applicable, these are indicated in parentheses: C, Chamaeleolis; D, Dactyloa; P, Phenacosaurus; N, Norops.

bution generated using phylogenetically simulated
traits with the same properties as our empirical data
(sensu Garland et al., 1993).
To create simulated null distributions, we began by
simulating continuous data using Brownian motion
on our consensus tree with MESQUITE (Maddison &

Maddison, 2004). We then transformed each continuous variable to an ordinal variable by ranking the
values of the variable and assigning each animal to a
category based on rank, proportional to the original
data (e.g. if there were 12 species with ‘large’ male
dewlaps, the twelve largest simulated values would
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be assigned ‘large’). We generated 1000 values with
the same ratio of large : small : absent as our female
dewlap data and 1000 values with the same ratios as
our male dewlap data. We used these simulated data
to construct null distributions with which to compare
our actual dewlap data.
We tested the prediction of the genetic correlation
hypothesis by comparing the observed patterns of male
and female dewlap association to predicted patterns
under correlation of male and female dewlap size. The
genetic correlation hypothesis predicts that the combinations large/large (for male/female dewlap size),
small/small, and absent/absent should be especially
common and all patterns of unequal-sized dewlaps
(e.g. large/small, small/large) should be equally uncommon. We used simulated values for male dewlap size,
generated as described above, to calculate the mean
value for each cell in a 3 ¥ 3 matrix describing all
possible combinations of male and female dewlap size.
We then used these values as our expected values to
calculate a chi-squared value and estimated the probability of this value with four degrees of freedom.
We also estimated the number of evolutionary transitions between four states relating to dewlap size
dimorphism between the sexes: monomorphic (large
dewlap in both sexes), monomorphic (small dewlap in
both sexes), moderately dimorphic, and highly dimorphic character states on our tree. Accordingly, we
sampled 100 equally parsimonious reconstructions of
ancestral character states generated in MESQUITE
(Maddison & Maddison, 2004) and used the mean
number of each type of transition across this group.
The genetic correlation hypothesis makes two predictions about the patterns these data should show.
First, when large male ornaments evolve, large
female ornaments should also evolve; therefore, transitions between monomophic (both small) to monomorphic (both large) should be more common than
transitions from monomorphic (both small) to either
moderate or high dimorphism. Second, sexual dimorphism should evolve slowly after the appearance of
large ornaments in both sexes; therefore, transitions
from monomorphic (large) to moderate dimorphism
and from moderate dimorphism to high dimorphism
should be more common than the reverse.
A phylogentic chi-squared test was also used to test
the species recognition hypothesis, in this case by
estimating the expected values in a 2 ¥ 3 matrix representing female dewlap sized in single-species or
multispecies communities.
To test the social selection hypothesis, we used
a modified version of a phylogenetic analysis of variance (ANOVA) (Garland et al., 1993), with female
dewlap size as the categorical variable and SSD
as the continuous variable under consideration. To
assess significance at the same time as controlling

for phylogentic relatedness, we also computed the
F-statistic for an ANOVA of our 1000 simulated
ordinal female dewlap variables versis SSD and used
this as our null distribution to determine the critical
value of F at P = 0.05. The same procedure was used
to test for a relationship between female dewlap size
and primary habitat (i.e. the sensory drive hypothesis) using data simulated for just the 93 species
readily assigned to a habitat category.

RESULTS
For both male and female dewlap size, l was significantly greater than 0; indeed, in both cases, the
maximum-likelihood estimate was greater than 1
(female dewlap: likelihood ratio (LR) = 133.15,
P < 0.01; male dewlap: LR = 13.28, P < 0.01). This
result indicates that significant phylogenetic structure is present in the data and that phylogentic
correction is warranted.
The social selection hypothesis was supported by a
significant correlation between female dewlap size and
SSD (Fig. 3) (F = 6.1, P = 0.01; Table 1). Species where
the female dewlap was small or absent showed a wide
range of values for SSD; however, SSD was reduced in
species in which the female dewlap is large.

Figure 3. Among 93 species easily classified by primary
habitat, habitat specialists differ significantly in female
dewlap size (analysis of variance: F = 29.8, Fcrit, a = 0.05 =
9.7029, see also Supporting Information, Appendix S1).
The largest dewlaps (in black) occur exclusively in crowngiant and twig anoles.
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Figure 4. The distribution of sexual size dimorphism (SSD) across all anoles in the present study is shown to the left.
The distribution of SSD is shown for species with large, medium, and small male dewlaps (light grey) and large, small
or absent female dewlaps (dark grey). Coloured bars show the interquartile range, the gap in the bar occurs at the mean
value, and whiskers show the 95% confidence interval for each group. Note that, although most groups span the entire
range of values of SSD, species for which the female dewlap is large show a low degree of slightly male-biased SSD.

The sensory drive hypothesis was supported by the
observation that female dewlap size differed significantly among habitat specialists (Fig. 4) (F = 29.946,
P < 0.001; Table 1, see also Supporting Information,
Appendix S1). Giant anoles living in the canopy and on
twigs were much more likely to exhibit large female
ornaments than anoles using grass-bush, trunk-crown,
and trunk-ground habitats. Among trunk anoles, the
female dewlap was universally absent.
We found no support for either the genetic correlation hypothesis or the species recognition hypothesis.
Female dewlap size and male dewlap size were not
significantly correlated (c2 = 55.20, P = 0.30, see also
Supporting Information, Appendix S1), and transitions between monomorphic and dimorphic states
were common in all directions, with transitions from
a higly dimorphic state to reduced dimorphism being

especially common (Table 2). There was no difference
in female dewlap size between single species and
multispecies communities (F = 1.184, P = 0.55, see
also Supporting Information, Appendix S1).

DISCUSSION
Despite decades of study on the evolution and function of male ornaments, the evolution of female ornaments is relatively unstudied, and the factors that
explain female ornaments remain unclear (Amundsen, 2000a, b; Amundsen & Pärn, 2006; Ord & StuartFox, 2006). We tested four hypotheses to explain an
ornament, variably expressed in females, the Anolis
dewlap, using comparative methods and a phylogeny
of 233 species. We found evidence of correlated
evolution between female dewlap size and SSD, and
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Table 2. Mean number of evolutionary transitions between four character states relating to dewlap size dimorphism
between the sexes: monomorphic (both large), monomorphic (both small), moderately dimorphic (either large/small or
small/absent), and highly dimorphic (large/absent)
End state

Begin state

Monomorphic
(both large)

Monomorphic (large)
Monomorphic (small)
Moderately dimorphic
Highly dimorphic

0.9
6.46
13.02

Monomorphic
(both small)
0.58
1.42
11.6

Moderately
dimorphic
2.72
0.5

Highly
dimorphic
1.42
0.4
11.8

26.18

Rows indicate the original character state; columns indicate the post-transition state. The number of transitions was
estimated as the mean over 100 equally parsimonious ancestor state reconstructions.

between female dewlap size and habitat use. We did
not find a relationship between male and female
dewlap size or a pattern in the transitions from
monomorphism to dimorphism, and there was no
significant difference in female dewlap size between
species living in single and multispecies communities.
Taken together, these results support a role for
sensory drive and social selection in the evolution of
female ornament size in Anolis but reject the genetic
correlation hypothesis and the species recognition
hypothesis.

SENSORY

DRIVE

We found a strong correlation between female dewlap
size and habitat use. In particular, anoles inhabiting
the tree crown and twigs have large dewlaps relative
to other ecomorphs (Fig. 4). Both of these groups may
live in relatively complex habitats: crown specialists
near the tops of trees and twig anoles in dense vegetation underneath the surface canopy (Williams,
1983; Butler et al., 2000). Recent work examining the
motion component of male Anolis displays in arboreal
habitat has shown that high levels of background
movement in arboreal habitat favour more exaggerated displays (Ord et al., 2007). Similarly, the dense
habitat of twig and crown giant anoles may require
large dewlaps to command the attention of conspecifics through the vegetation. Alternatively, females in
these habitats may be able to afford larger ornaments
because predation pressure is reduced in less ‘open’
habitats (Stuart-Fox & Ord, 2004; Ord & Stuart-Fox,
2006).
Variation in population density may also explain
the relationship between female dewlap size and
habitat use. For example, many crown and twig
anoles occur at relatively low densities (L. Mahler,
pers. comm.) and the mean distance between signaller and receiver may be relatively far. Indeed, some of

the rarest anoles known, including A. fowleri, species
formerly assigned to the genus Chamaleolis, and the
elusive mainland alpha anoles (sensu Etheridge,
1959), have markedly large female dewlaps. This
potential difficulty in locating mates or rivals may
necessitate larger signalling structures in both sexes.
Lower population densities may also relate to differences in social structure or mating behaviour (Butler
et al., 2000). For example, female competition for
mates may be exaggerated when conspecifics of either
sex are seldom encountered. Further observation of
the behaviour of rare anoles will be necessary to
distinguish between these alternatives.
Although we found a strong relationship between
female dewlap size and habitat use, we only tested
this hypothesis for 93 species belonging to wellcharacterized Caribbean habitat specialists. Many
species for which the female dewlap is medium or
large occur on the mainland (e.g. A. insignis, Anolis aequatorialis), and data on habitat use in these
species are scarce. More studies on the habitat use
and behaviour of mainland anoles would provide an
opportunity to explore the generality of the correlation between habitat and female ornament size found
within the subset of species that we examined.

SOCIAL

SELECTION

A significant correlation was found between female
dewlap size and SSD: species for which the female
dewlap is large showed reduced dimorphism, wheres
species for which the dewlap was small or absent
exhibited a wide range of SSD (Fig. 3). In previous
work investigating signal complexity and sexual
dichromatism in lizards (Ord et al., 2001; Stuart-Fox
& Ord, 2004), male ornamentation was shown to be
exaggerated in species with a high degree of SSD,
presumably because both ornament size and male
body size are under sexual selection. In Anolis, SSD

© 2012 The Linnean Society of London, Biological Journal of the Linnean Society, 2012, 106, 191–201

EVOLUTION OF AN ORNAMENT
reflects both sexual selection and niche partitioning
between the sexes (Schoener, 1969; Butler et al.,
2000); thus, it is unclear how to interpret the
observed relationship. If SSD reflects niche partitioning between the sexes, perhaps the correlation
between female dewlap size and SSD reflects some
aspect of female territorial behaviour related to
habitat use. Direct data on female competition for
resources such as food, territory, or nest sites would
be illuminating. A relationship between both male
and female ornamentation and the strength of sexual
selection remains an intriguing possibility, although a
better proxy for sexual selection than SSD is necessary to test this hypothesis.

GENETIC

CORRELATION

We did not find a significant correlation between
female dewlap size and male dewlap size, nor did we
find any indication of a prevalence of transitions from
monomorphic to dimorphic dewlap sizes (Table 2).
Indeed, transitions from high dimorphism to reduced
dimorphism or monomorphism were more common
than the reverse. This result differs from previous
research on ornament evolution in agamid lizards
(Stuart-Fox & Ord, 2004; Ord & Stuart-Fox, 2006),
where parsimony reconstructions of ornament evolution showed congruence between the origins of male
and female ornaments. However, these studies also
showed that male and female ornaments could
become decoupled by ornament loss in one sex.
Although male and female ornaments undeniably
share a genetic basis in Anolis, it appears that selection has been able to shape the sexes independently.
It is worth noting that, although male and female
dewlap size were not correlated according to our data,
female dewlap size was always equal to or smaller
than the dewlap of conspecific males. This pattern
merits further investigation.

SPECIES

RECOGNITION

We found no correlation between community richness
and female or male dewlap size. Although dewlap size
may function in species recognition under some circumstances, the evidence suggests that this is not
the primary function of large dewlaps in female
Anolis. However, our data on community richness
were simple (all communities with more than one
species were lumped together) and better data on
community complexity might produce a different
result. Nonetheless, to the extent that the dewlap is
important to species recognition, we suggest that
colour or pattern rather than size may be the appropriate trait to examine (for an intraspecific study on
this topic, see VanHooydonck et al., 2008).

CAVEATS

199

AND FUTURE DIRECTIONS

Our work on the evolution of the female dewlap could
be improved by using continuous data on dewlap size,
a more comprehensive phylogeny with realistic
branch length estimates, and direct information on
ecological variables, such as female competition for
mates and territories. Despite these limitations, we
were able to find a strong correlation between female
dewlap size and ecomorph type, as well as between
female dewlap size and SSD.
Future work on female ornaments should involve
the integration of behavioural observations, direct
experimental tests of ornament use in nature, and
comparative tests such as those described in the
present study. It will be especially important to determine how and when females use their dewlaps under
natural conditions. Useful studies would include
observation of habitat use by females in the Caribbean and of both sexes on the mainland, observation
of female territorial and mating behaviour, and
experimental manipulation of dewlap size or colour to
determine the importance of these characters. Those
species where dewlap colour is sexually dimorphic
may prove particularly helpful for such studies
because divergent selection on males and females
may be particularly potent in these species.
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