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Many animals display visual signals in male contests for access to females and territories. These visual signals can
be multimodal and stimulate different aspects of a signal receiver’s visual system. Over two summers, we tested
whether aspects of behaviour and dewlap colour might function as signals that predict contest success when males
compete for access to either mates or territories in male brown anole lizards. We found that behaviour (PC1, a
correlated composite of head-bob, push-up, and dewlap extension frequency) and an aspect of dewlap colour (PC3,
the relative amounts of ultraviolet, yellow, orange, and red of the dewlap margin) were retained in the minimum
adequate model predicting contest success across years and social contexts. Winners showed significant differences
in behaviour (winners displayed more) and dewlap margin PC3 (winners had lower PC3 scores) compared to
contest losers. These findings suggest that display behaviour and dewlap colour might serve as signals indicating
a male’s ability to win contests for access to females and territories. © 2014 The Linnean Society of London,
Biological Journal of the Linnean Society, 2014, 111, 646–655.
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INTRODUCTION

Male competition and male contests are important
aspects of sexual selection (Darwin, 1871). Displays of
conspicuous traits during such contests can directly
and indirectly influence male reproductive success
because winners establish territories and obtain
access to food as well as mates (Andersson, 1994).

Male traits that are displayed in contests can be
multimodal and stimulate different aspects of a signal
receiver’s visual system (Partan & Marler, 2006). For
example, male traits can be postural, and the pos-
tural signal is perceived by a signal receiver because
motion-sensitive nerve cells are temporally stimu-
lated by movement (Fleishman, 1986; Fleishman,
Marshall & Hertz, 1995). This mode of signal com-
munication is common in birds (Searcy & Nowicki,
2005) and lizards (Carpenter, 1967, 1978; Jenssen,

1977; Fleishman, 1992; Stapley & Whiting, 2005;
Sacchi et al., 2009). Postural displays are known to
enhance contest and/or reproductive success in many
bird and lizard species.

Displayed traits can also be colourful and function
by stimulating a signal receiver’s photoreceptor cones
(Fleishman et al., 1998; Fleishman & Persons, 2001).
These colourful traits can be shown to others in a
variety of social contexts, including agonistic encoun-
ters, during which the traits function as an armament
(Berglund, Bisazza & Pilastro, 1996). Armamental
traits in lizards are frequently combined with pos-
tural displays in ways that influence contest success
(Hover, 1985; Thompson & Moore, 1991a, b; Sinervo
& Liveley, 1996; Stapley & Whiting, 2005; Lappin
et al., 2006; Sacchi et al., 2009).

Colourful traits, including those used as arma-
ments, are often red, a colour that contrasts maxi-
mally with a green background (Grether, Kolluru &
Nersissian, 2004). Red colours are often generated
by carotenoid pigments in fishes (Kodric-Brown, 1985;*Corresponding author. E-mail: jes73@psu.edu
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Houde, 1987; Candolin, 1999), birds (Hill & McGraw,
2006), and lizards (Macedonia et al., 2000; Steffen &
McGraw, 2007; Fitze et al., 2009; Cote et al., 2010).
These pigments have become common in the litera-
ture because of their roles in free-radical scavenging
and animal coloration (Vershinin, 1999), as well
as their function as honest signals (Lozano, 1994;
Hill, 2002). Ultraviolet (UV)-coloured signals are
common among fishes (Losey et al., 1999), and birds
(Eaton & Lanyon, 2003) and serve a prominent
role as armaments in male agonistic interactions
among male lizards (Molina-Borja, Padron-Fumero &
Alfonso-Martin, 1998; LeBas & Marshall, 2000;
Stapley & Whiting, 2005; Lappin et al., 2006; Whiting
et al., 2006; Bajer et al., 2011).

Lizards frequently employ a polygynous and terri-
torial mating system in which male–male contests are
important for mate and territory acquisition (Cooper
& Greenberg, 1992; Pianka & Vitt, 2003). The brown
anole (Norops sagrei) is a dactyloid (sensu Nicholson
et al., 2012) that exemplifies this polygynous, territo-
rial mating system. Adult males vigorously defend a
space and/or access to several females (Evans, 1938a,
b; Tokarz, 1998, 2002; Calsbeek & Marnocha, 2006)
and males mate with more than one female (Schoener
& Schoener, 1980; Tokarz, 1998). Direct physical con-
tests are common among males, although males
can signal to rivals using two non-exclusive means:
(1) a stereotypical display of head-bob and push-up
behaviours (Scott, 1984; McMann, 2000; Partan et al.,
2011; Simon, 2011) and (2) presentation of sexually-
dimorphic dewlap colour (Steffen & McGraw, 2009).
Brown anole dewlaps are coloured: orange and yellow
in the centre and yellow and UV along the margin.
Carotenoids create yellow colours of the central and
marginal regions of the dewlap, and interact with
pterins to create shades of orange and red in the
dewlap’s centre (Steffen & McGraw, 2009).

At least two studies (Nicholson et al., 2007;
Vanhooydonck et al., 2009) have suggested that
dactyloid dewlap colour diversity is partially influ-
enced by sexual selection. Several studies have
attempted to investigate female preference for dewlap
colour in single species (Crews, 1975; Sigmund, 1983;
MacDonald & Echternacht, 1991), although no
research has examined how the combined influence of
dewlap colour and display behaviour interact during
intrasexual selection.

The present study aimed to use UV-visible spec-
trometry, in conjunction with a detailed ethological
analysis, to assess the relative importance of brown
anole dewlap colour versus postural display behav-
iours for predicting contest success in two intrasexual
contexts: (1) when males compete for access to a
solitary perch and (2) when males compete for access
to mates. Given that postural displays are so evident

in brown anole social interactions, we predict that
males who display more will win contests compared to
males who display less, and this will be true in the
presence and absence of females. Given that brown
anole dewlap colour is red, orange, and yellow, as well
as UV, we predict that males possessing dewlaps with
higher spectral scores in these colours will win con-
tests in both contest types.

MATERIAL AND METHODS
LIZARD COLLECTION AND CARE

Brown anoles were collected during 23–26 April in
2005 and 20–25 April in 2006 from Lake Eaton, Mill
Dam Lake, and Silver Springs, Marion County,
Florida, USA (29°15′43.48″N, 81°52′12.07″W). Each of
these sites is no greater than 5 km from the other. All
lizards were collected by hand or noose. In both years,
all lizards were transported to a laboratory at Auburn
University where we recorded sex, weight (nearest
0.01 g), and snout-to-vent length (nearest 0.5 mm).
Once measured, lizards were assigned a unique
toe clip (no more than two toes removed; antiseptic
applied to each clipped toe). Lizards were then
placed in pre-contest housing made of 37.9-L terraria
(50.8 × 20.4 × 30.5 cm) partitioned into four equal-
sized compartments (25.4 × 10.2 × 30.5 cm), each
containing a wood dowel for a perch, a water dish,
and a small plant. Full spectrum fluorescent bulbs
(Vitalite T8, 32 W) were suspended 30.5 cm above
each terrarium top and all terraria received addi-
tional natural light via a large window.

Lizards were sprayed with water daily, fed crickets
three times each week (three per feeding) and meal
worms ad libitum. All food items were dusted with
Repta-vite vitamin powder (Zoo Med Laboratories)
before being offered to a lizard. The laboratory was
maintained at 32.2 °C and 60% relative humidity. No
lizard was used in trials more than once.

SIZE-MATCHED MALES AND DISPLAY HOUSING

Size determines the outcomes of contests among male
brown anoles (Tokarz, 1985). Nevertheless, in social
interactions in which mature adult males compete for
access to a territory or a female, a large proportion of
fights are expected to occur between males of similar
size because small males avoid fights with larger males
after initial encounters (J. E. Steffen, pers. observ). To
test the effects of dewlap colour and display behaviour,
irrespective of body size, we size-matched (nearest
0.5 mm) pairs of males and placed each pair into
contest housing 1 day before a contest. Contest
housing consisted of 37.9-L terraria that were parti-
tioned with particle boards into three compartments.
The largest compartment (25.4 × 20.4 × 30.5 cm)

DEWLAP COLOUR AND BEHAVIOUR IN CONTESTS 647

© 2014 The Linnean Society of London, Biological Journal of the Linnean Society, 2014, 111, 646–655



represented half of the terrarium divided along its
width. The other half was further divided into two
small compartments (25.4 × 10.2 × 30.5 cm) along the
long axis of the aquarium. Each compartment con-
tained a water dish (filled daily) and housed one of
the two males. The outside walls of the terraria were
lined with green construction paper to facilitate visual
detection of each male’s red and yellow dewlap colours
(Endler, 1992). The partitions prevented lizards from
seeing any other compartment until the partitions
were removed. Lighting was similar to lighting
described for pre-contest housing.

SPECTROMETRY

We measured the colour of the dewlap in two distinct
regions: the centre (appears red to the unaided
human eye) and the margin (appears yellow or white
to the unaided human eye). Spectral measurements
were taken with an Ocean Optics S2000 UV-visible
spectrometer (OOIBase32 software) 1 day before ini-
tiation of the experiment (always starting at 10.00 h
CST) on lizards that showed no signs of imminent
shedding. All reflectance data were generated relative
to a white reflectance standard and were taken in an
unlit room with tightly drawn blinds covering the
window. We placed a small black rubber stopper on
the tip of the reflectance probe, creating a 2-mm gap
between the probe tip and the dewlap, ensuring a
constant distance between probe and dewlap. To
measure dewlaps with the spectrometer, we placed
each lizard ventral side up on a flat black table and
immobilized the animal with two pieces of athletic
tape: one placed across its belly and the other across
its mandible. The dewlap was maximally extended
by grasping it with a small clamp and adjusting the
height of the clamp via its attachment to a horizontal
metal arm on a ring stand. We placed the spectrom-
eter probe at a 90° angle, flush with the exposed skin
of the dewlap. We measured spectral reflectance along
the centre and margin of the dewlap, taking four,
non-overlapping spectral measurements per dewlap
region and averaging them for each lizard.

Spectral measurements were gathered as percent
reflectance at 1-nm wavelength increments from
300–700 nm (representing the lower range of photon
absorption by UV-sensitive cones; Fleishman, Loew &
Leal, 1993). Spectral measurements were smoothed
using CLR, version 1.0 (Montgomerie copyright 2008).
Each smoothed file was standardized (mean reflec-
tance subtracted as described by Cuthill et al., 1999)
and then reduced to the means of 20-nm bandwidths.
Principal components analysis (PCA) was performed
on these standardized spectral files and the resulting
PCs described the spectral shape (for details, see
below).

CONTESTS AND BEHAVIOURAL ANALYSIS

Males interacted with each other in two different
social contexts. First, males engaged in agonistic
behaviours to compete for access to a solitary perch
(MM contests). Fourteen pairs of males were used in
such contests in 2005 and 32 pairs of males were used
in 2006. Second, males engaged in agonistic interac-
tions to compete for access to, and copulation with, an
adult female (MMF contests). Twenty-one pairs of
males were used in such contests in 2005 and 16 pairs
were used in 2006. MM contests were performed
in terraria in which partitions were lifted to expose
a single perch present in the largest compartment.
MMF contests were performed in terraria in which a
perch existed in each of the three separate compart-
ments and partitions were lifted to expose the two
males to each other, as well as to a mature female in
the large compartment. All females were assumed to
be sexually receptive because behavioural trials were
conducted from 1 May to 15 July, when this species is
known to be reproductively active (Lee et al., 1989).

At the beginning of each trial, we turned on an
8-mm video camera and removed partitions separat-
ing the three compartments. We immediately left the
room and allowed the camera to record all behav-
iours. At a later date, we used ETHOLOG, version 2.2
(Ottoni, 2000) to record, count, and time all behav-
ioural events of all participating lizards. We defined
each individual dewlap extension, head-bob, push-up,
bite, and copulation as a separate behavioural event.
We quantified the behavioural events of each trial
from the ETHOLOG files to: (1) enumerate head-bob
(HB; head and neck moved dorsoventrally by exten-
sion and flexion of forelimbs), push-up (PU; extension
and flexion of all four limbs), and dewlap extensions
(DEW; extension of throat fan); (2) calculate display
rates for each of these behaviours; and (3) measure
time spent on the perch for each male (MM trials), or
count copulations with a female for each male (in
MMF trials). For each behavioural trial, we noted the
elapsed time from the start of a trial to the first
appearance of a behaviour (latency to display). We
defined a particular male to be dominant in MM trials
when its occupancy of the solitary perch went uncon-
tested for 10 min. For MMF trials, the first male to
intromit a hemipenis was defined to be dominant. We
calculated display rates for each type of male behav-
iour (HB, PU, DEW) by enumerating each behaviour
and dividing the number by the total time (starting
at time of first behavioural event and ending when
dominance of one male was achieved). After each
trial, lizards were euthanized with MS222, fixed in
formalin, and deposited in the Auburn University
Natural History Museum Collections. All housing and
protocols for care of lizards were approved by the
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Institutional Animal Care and Use Committee (pro-
tocol numbers 2005-0961 and 2006-0961).

STATISTICAL ANALYSIS

PCA
We used PCA to transform a large number of corre-
lated behavioural and colorimetric variables into a
few orthogonal variables (Cuthill et al., 1999). We
pooled spectral files of all males from both social
contexts and both years, and we performed PCA. This
generated colorimetric PC coefficients that were used
to aid in interpretation of the PCs. We interpreted the
PC coefficients by graphing the PC coefficients for
each PC against wavelength and determining how
positive aspects of a curve vary with negative aspects
of that curve (Cuthill et al., 1999). Colorimetric PC
scores were also generated for each male and served
as the transformed data that were used in the sub-
sequent analysis of colour and contest success. Each
spectral PC was interpreted using the wavebands:
UV = 300–399 nm, blue = 400–474 nm, green = 475–
549 nm, yellow = 550–599 nm, orange = 600–649 nm,
and red = 650–700 nm.

We also used PCA on behavioural data because
HB, PU, and DEW were highly correlated. We pooled
all HB, PU, and DEW frequencies for each male in
contests from each year and social context into a
single file and performed PCA. We used varimax
rotation on dewlap colorimetric and behavioural data
to maximize variance of PC scores, which maximizes
high correlations between correlated variables and
minimizes low correlations. This facilitates interpre-
tation of a factor by making the variables that corre-
late with it unambiguous (Tabachnik & Fidell, 2001).

INTERPRETATION OF PCs

Spectral variation of the dewlap centre was reduced
to three PCs that explained 94.0% of the total spec-
tral variation. PC1 (63.1% of variance) represented
amounts of yellow, orange, red, and UV wavelengths
relative to blue and green wavelengths (Fig. 1). PC2
(24.8% of variance) represented amounts of UV, blue,
orange, and red wavelengths relative to green and
yellow wavelengths. PC3 (6.0% of variance) repre-
sented blue, green, and yellow wavelengths relative to
UV, orange, and red wavelengths.

Spectral variation of the dewlap margin was
reduced to three PCs that explained 96.2% of the total
spectral variation. PC1 (72.7% of variance) repre-
sented amounts of green, yellow, orange, and red
wavelengths relative to UV and blue wavelengths
(Fig. 1). PC2 (17.0% of variance) represented amounts
of upper UV (380–400 nm), blue, and green relative
to lower UV (300–379 nm), yellow, orange, and red

wavelengths. PC3 (6.5% of variance) represented UV
(and, to a lesser extent, orange and red wavelengths)
relative to blue, green, and yellow wavelengths.

All of the variation in HB, PU, and DEW frequen-
cies among winners and losers across years and social
contexts was described in a single PC that explained
51.6% of the variance in behaviour. Behavioural PC1
represents a correlated composite variable of HB, PU,
and DEW frequency because PC1 had a PC coefficient
of 0.507 for HB rate, 0.446 for PU rate, and 0.435 for
DEW rate.

BINARY LOGISTIC MULTIPLE REGRESSION

We used backwards stepwise logistic multiple regres-
sion to determine: (1) the minimum adequate model
(i.e. the simplest model that best describes the
data; Crawley, 1993; Hardy & Field, 1998) and (2) the
behavioural and colorimetric factors that predict
contest success between males competing for access to
a perch or a female. A minimum adequate model was

Figure 1. Principal component (PC) analysis of brown
anole dewlap spectral variability in the centre and margin
regions from males engaged in contests for access to
perches (male–male; MM) and females (male–male–
female; MMF). These illustrations show the influence of
each wavelength on the identity of each PC by graphing
PC coefficients against wavelength. A, PCs 1–3 of the
dewlap centre. B, PCs 1–3 of the dewlap margin. For
details, see text.
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achieved by retaining all factors that significantly
changed the log-likelihood of the full model and by
removing all factors that did not (Tabachnik & Fidell,
2001). We performed maximum likelihood ratio, back-
wards, stepwise, logistic regression using the binary
logistic regression procedure in SPSS (IBM Corp).
We entered the behavioural and colorimetric PCs as
continuously-distributed independent variables, year
and social context as categorical covariates, and con-
tests success (0 = contest loss, 1 = contest win) as the
dependent variable. We investigated whether colour
or behaviour varied significantly by year (2005 and
2006) or social context (MM and MMF) by including
all possible main effects and interaction terms in an
initial logistic regression model. This was carried out
in SPSS by assigning main effect variables as block 1,
and potentially interactive variables (e.g. year, or
social context) as successive blocks thereafter. In our
analysis, block 2 included the potential interactions of
main effect variables with year, and block 3 included
the potential interactions of main effect variables
with social context. The end result was a binary
logistic regression table retaining main effect and
interactive variables that served as the minimum
adequate model to predict contest success in brown
anoles in two different social contexts (MM and
MMF). When we arrived at the initial minimum
adequate model, we re-ran the binary logistic regres-
sion analysis with all nonsignificant main effect and
interactive terms removed (i.e. we made a final, full
model) to obtain the most accurate statistical values
for a final minimum adequate model predicting
contest success. P to enter was 0.05 and P to remove
was 0.10.

ONE-WAY ANALYSIS OF VARIANCE (ANOVA)

We performed one-way ANOVAs within social context
and year to determine whether behaviour or colour
of winners as a group differed from losers as a group.
Alpha for critical significance was P < 0.05 in all of
these statistics. We performed all statistics using
SPSS, version 21 (IBM Corp.).

RESULTS

All dewlap colorimetric and behavioural variables
were put into an initial full model that predicted
contest success for MM and MMF interactions in
2005 and 2006 (Table 1). The minimum adequate
model contained a dewlap colorimetric score (PC3 of
the dewlap margin) and the behavioural PC score.
Dewlap margin PC3 (relative amounts of UV, yellow,
orange, and red) was a significant predictor of contest
success (B = −0.453 ± 0.183 SE, P = 0.013). Behaviour
PC1 (relative rates of HB, PU, and DEW) was a

significant predictor of contest success (B = 0.674 ±
0.199 SE, P = 0.001).

The significant predictors from the initial minimum
adequate model were entered into a final, full model
to determine which predictors are retained as a final
minimum adequate model predicting contest success.
This final model, with the simplest ability to predict
contest success among pairs of males, was identical
to Block 1 of the initial minimum adequate model
(Table 2). The final model predicted contest success
with an overall mean of 63.4% accuracy (lose accu-
racy = 68.4%; win accuracy = 58.5%).

In one-way ANOVA comparisons between winners
and losers, males that won contests had higher
mean behavioural PC1 scores (0.231 ± 0.123) than
males that lost contests (−0.242 ± 0.088; F162,1 = 9.651,
P = 0.002) (Fig. 2). Males that won contests had mar-
ginally significant lower mean dewlap margin PC 3
scores (−0.176 ± 0.098) than males that lost contests
(0.110 ± 0.120; F160,1 = 3.441, P = 0.065) (Fig. 2).

DISCUSSION

We found that variation in anole behaviour (head-
bobs, dewlap extensions, and push-ups), as well as
dewlap colour (UV and, to a lesser extent, yellow–
orange–red brightness and chroma), predicted success
in male contests for females and perches. These vari-
ables predicted contest success in both years and
social contexts.

Presumably, these outcomes indicate that these
traits are candidates for sexual selection; if colours
and behaviours are sexually selected, then we expect
expression of these traits to differ between winners
and losers. In the present study, males that displayed
at higher rates won contests compared to males that
displayed at lower rates, a finding consistent with the
results of the study by Simon (2011), who found that
higher head-bob rates were displayed by winning
male brown anoles. Contest-based push-up behaviour
is common among lizards (Carpenter, 1986) and
males that perform more push-ups gain greater
access to mates in many species investigated (Hover,
1985; Zucker, 1994a, b; LeBas & Marshall, 2000).

We found that UV and, to a lesser extent, orange
and red wavelengths in dewlap colour predicted
success in contests for females and perches. In brown
anoles, reds, oranges, and yellows are generated
by two pigment classes, carotenoids, and pterins
(Bagnara & Hadley, 1973). Coloration derived from
carotenoids is often used by animals as a signal
associated with sexual selection (Andersson, 1994;
Hill, 2007; Chen et al., 2013). In common wall lizards,
crotenoid-based ventral red coloration appears to be
polymorphic and, among individuals that exhibit a
red colour, there is a negative association between
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the percentage of red coloration and sprint speed
(Zajitschek et al., 2012). Ventral colour polymorphism
does not influence fighting ability and contest
outcome in this species (Sacchi et al., 2009). However,
the australian frillneck lizard has a large and exten-

sible red, orange, and yellow coloured frill that is
carotenoid dependent and is a reliable predictor of
competitive ability in contests (Hamilton, Whiting &
Pryke, 2013).

UV integument colour has been shown to be a
widespread signal in the behaviour of many fishes
(Losey et al., 1999) and birds (Eaton & Lanyon, 2003).
UV throat colour, in particular, has been shown to be
an important intraspecific signal in the behaviour
of several territorial lizards. For example, high UV
reflectance determined the outcome of male–male
fights in the ornate crevice dragon (Bajer et al., 2011).
Throat UV was a signal of fighting ability in male
augrabies flat lizards and contests were more likely
to escalate when one contestant had reduced UV
(Stapley & Whiting, 2005; Whiting et al., 2006).

Surprisingly, we found that males with lower
amounts of UV along with orange and red wave-
lengths along the dewlap margin won more contests
than males with higher amounts of these colours.
Both carotenoids and pterins reside in this portion of
the male brown anole dewlap but pterins are rela-
tively low in abundance (Steffen & McGraw, 2009).
Therefore, the yellow and UV reflectance spectrum
is presumably a by-product of differential photon
absorption by xanthophylls (predominantly), irido-
phores, and melanins (Grether et al., 2004). How xan-
thophyll concentration variation generates the height
and shape of the UV peak is not well understood in
brown anoles, although simulations of variation in
xanthophyll abundance in great tit feathers suggest a
mechanism because increased xanthophyll abundance
in feathers reduced the overall reflectance of UV
peaks (Andersson & Prager, 2006). Another possibility
is that, as anoles age, dewlaps become less colourful
and the contest success associated with reduced
dewlap margin UV is a result of age-related differ-
ences in scale wear or pigment concentrations.

Similar to the findings reported for other iguanians
(Hover, 1985; Thompson & Moore, 1991a, b; Zucker,
1994a, b), our results show that behavioural and

Table 2. Results of final backwards stepwise logistic multiple regression predicting contest success among male brown
anoles competing for access to perches and females

Block Step Variable type Variables in equation B SE d.f. Significance Exp(B) −2 LL

0 0 Constant 0.037 0.158 1 0.813 1.038 223.137
1 1 Dewlap colour PC3 nargin −0.453 0.183 1 0.013* 0.636 205.8

Behaviour PC1 behaviour 0.674 0.199 1 0.001* 1.961
Constant 0.048 0.168 1 0.773 1.050

The significant dewlap colour variable (PC3 of dewlap margin) and the behaviour variable (PC1, both from the initial
backwards stepwise logistic multiple regression) were entered as IVs, and contest success was the discrete DV.
Significance = statistical significance where P < 0.05. *Variables that significantly change the log-likelihood (LL) ratio at
P < 0.05. See text for details.

Figure 2. One-way analysis of variance comparisons of
principal components (PCs) retained by the minimum-
adequate logistic regression model predicting contest
success between losers and winners in male–male (MM)
and male–male–female (MMF) brown anole contests. A,
winners have a higher behavioural PC1 score than losers
(F162,1 = 9.651, P = 0.002). B, winners have a lower dewlap
margin PC3 scores than losers (F160,1 = 3.441, P = 0.065).
Error bars indicate the SEM. For details, see text.
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colour traits have a combined signalling function in
male–male combat that gives winners access to ter-
ritories and, therefore, mates. In the contests for
mating opportunities reported in the present study,
males achieved access to a female by first winning a
fight with a rival male.

Female preference for male traits (including dewlap
colour and dewlap function) has been investigated in
the green anole and appears to play a limited role
(Sigmund, 1983; MacDonald & Echternacht, 1991).
In laboratory studies of brown anoles, female move-
ment never led to mate decisions or copulations, and
females did not show preferences for males that
varied in behaviour or dewlap colour (J. E. Steffen,
pers. observ.). Tokarz (1998) suggested that male–
male competition is more important than female mate
choice in determining female mating partners in
brown anoles because females almost entirely mated
with males who possessed a territory where the
female resided, rather than mating with males
outside of this territory.

Moreover, ecologically relevant traits, such as
dewlap size and bite force, are not preferred by female
green anoles (Lailvaux & Irschick, 2006a). Indeed, the
majority of performance traits that have been shown
to be relevant to sexual selection (e.g. metabolic rate,
energy reserves, endurance, sprint speed) in a variety
of animal taxa show positive associations with male–
male combat but no association with female choice
(Lailvaux & Irschick, 2006b).

Our study suggests that behavioural traits are a
stronger signal of contest success than dewlap colour,
at least for animals that are in close proximity,
because the behaviour PC had a higher logistic
regression coefficient than colour PCs. Behavioural
traits such as head-bobs and push-ups are probably
more effective long distance cues because the visual
system of anoles is specialized for detecting high
velocity and accelerated movements (Fleishman,
1992). These behavioural displays are performed at
a variety of distances from a receiver and are detect-
able under a variety of light environments. Indeed,
Fleishman (1992) suggested that dewlap colour might
only be an adequate cue to the conspecific of its
identity and territorial status at very close range.
Interestingly, our findings suggest that the margin of
the dewlap is the region with a possible signal func-
tion. A colourful and moving margin of the extending
dewlap is highly conspicuous because of the contrast
created by the spectra of the leading edge displayed
against the background vegetation (Fleishman, 1992).
Moreover, motion-sensitive neurones respond when
an object or edge moves through an anole’s visual
field. Motion-sensitive cells have been studied in
many animal species and, in almost every case, they
respond to edges created by contrast in brightness

(Fleishman, 1992). It would be interesting to deter-
mine whether neurones and visual photoreceptors
respond to variation in UV brightness in brown
anoles, and whether males appear to attend to this
spectral signal in the wild. It would also be interest-
ing to determine whether dewlap colour pattern vari-
ation (as described by Endler, 2012) predicts contest
success in anoles.

In conclusion, several studies in birds and lizards
have found that armament colour and display behav-
iour are signals that predict contest success and
access to mates, and are, therefore, sexually selected
traits. Our findings add the brown anole, a model
squamate, to this list.
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