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Sexual Dimorphisms in Aggressive Signal Structure and Use by a
Polygynous Lizard, Anolis carolinensis

THOMAS A. JENSSEN, KIMBERLY S. ORRELL, AND MATTHEW B. LOVERN

Unlike many polygynous species, we found that females of the lizard, Anolis car-
olinensis, have the same repertoire of aggressive signals as males. These shared sig-
nals included three stereotyped headbob display patterns (types A, B, and C) that
were performed with no significant intersexual difference in amplitude displace-
ment. However, we did find the following sexual dimorphisms in signal structure
and use. Females (1) had a smaller average extendable throat fan (i.e., dewlap) area
(0.22 cm2) than males (1.52 cm2), (2) never displayed when alone (0/h), whereas
males frequently did (18/h), (3) displayed 10-fold less during consexual encounters
(17/h) than males (168/h), (4) lacked the ritualized intermale combat scheme of
circling, jaw-sparring, and jaw-locking, (5) infrequently used physical contact in con-
sexual encounters, whereas males frequently did, and (6) did not employ a shifting
use of signals with decreasing interfemale approach distance, whereas contesting
males did by decreasing the frequency of C displays in favor of A and B displays,
decreasing the use of the dewlap during displays, and decreasing the sequencing of
displays in volleys. These results are in accord with field studies, which report lim-
ited interfemale territoriality (i.e., low consexual threat) and short display broadcast
distances, whereas male territorial behavior is well developed (i.e., high consexual
threat), with frequent long-distance displaying between consexuals. We suggest that
these displays, which function in competitive interference, have been less direction-
ally selected in females than in males because the outcomes of consexual contests
carry fewer reproductive consequences for females than for males.

INTRASPECIFIC communication functions to
coordinate social interactions (e.g., parental

care, mate choice, territorial contests), and as
such, the number, design, and use of signals
should vary with particular mating systems (e.g.,
Andersson, 1994; Bradbury and Vehrencamp,
1998). For example, in polygynous species
where social roles can be sexually dimorphic,
the signals associated with those roles should
also reflect intersexual differentiation. Typically,
the signals and signaling structures of polygy-
nous males are enhanced for consexual com-
petition to attract or to directly gain access to
mates. In the extreme where the function of a
signal resides solely with the male, the female
may lack the analogous signal altogether (e.g.,
Hauser, 1996; Bradbury and Vehrencamp,
1998).

In our study, we use a polygynous lizard, An-
olis carolinensis, to make an intersexual compar-
ison of signal structure and use during consex-
ual interactions. Anolis carolinensis is an intra-
sexually selected species ( Jenssen and Nunez,
1998), and we expected contesting males to sig-
nal differently from contesting females in ways
consistent with the species’ mating system. The
A. carolinensis mating system is driven by the out-
come of intermale territorial aggression. Win-
ners achieve and maintain direct mating access

to varying numbers of females (Ruby, 1984;
Jenssen et al., 1995a; Jenssen and Nunez, 1998)
because females are relatively sedentary and
clustered in small contiguous home ranges (Nu-
nez et al., 1997; Jenssen and Nunez, 1998). In
addition, male competitive interference behav-
ior is pushed to an endurance rivalry (sensu An-
dersson, 1994:10) due to a four-month breeding
period during which females produce single-egg
clutches at approximately weekly intervals (An-
drews, 1985; Jenssen and Nunez, 1998). Unen-
cumbered by parental care constraints, A. caro-
linensis breeding behavior is predictably associ-
ated with a dramatic divergence in intersexual
activity profiles ( Jenssen et al., 1995a; Nunez et
al., 1997).

The signal repertoire which facilitates A. car-
olinensis polygyny features conspicuous head-
bobbing displays, previously characterized for
males (DeCourcy and Jenssen, 1994; Lovern et
al., 1999) but undocumented for females. The
general features of the display behavior are sim-
ilar to most anoline species, consisting of verti-
cal movements of the head or body ( Jenssen,
1977, 1978; Carpenter, 1986). An extendable
and brightly colored dewlap (e.g., Bels, 1990;
Font and Rome, 1990) also amplifies the display
visibility (Fleishman, 1988a, 1988b, 1992). The
headbob displays are augmented by a number
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of optional postures and movements which
modify the appearance of the display or the dis-
player and sometimes have signal status inde-
pendent of the headbob displays (e.g., Jenssen,
1979).

Given the A. carolinensis life-history traits and
breeding structure, we expected the species’ ag-
gressive signals to reflect two intersexual rela-
tionships. First, both sexes should share a com-
mon repertoire of aggressive signals because
males aggressively interact to monopolize
mates, whereas females should also signal ag-
gressively to other females to control resources
for egg production. Second, signal design and
manner of signaling, nevertheless, should show
intersexual asymmetries due to sexual selection.
This is because intermale contests associated
with aggressive signaling largely determine male
potential reproductive rates (Ruby, 1984; Jens-
sen and Nunez, 1998), whereas interfemale ag-
gression appears to have minimal observable ef-
fect on female potential reproductive rates (Nu-
nez et al., 1997; Jenssen and Nunez, 1998). To
deductively test our expectations for A. caroli-
nensis, we used its aggressive signaling behavior
to intersexually describe and compare (1) kinds
of signals (including displays), (2) variance in
temporal pattern and head amplitude of dis-
plays, (3) dewlap size, and (4) the differential
use (i.e., relative frequency) of signals under
different social contexts and interindividual sep-
aration distances (i.e., threat intensity).

MATERIALS AND METHODS

We collected 22 females [mean snout–vent
length (SVL) 54.15 6 SE 1.14 mm] and eight
males (mean SVL 65.5 6 SE 1.05 mm) near Au-
gusta, Georgia. We then followed the same pro-
tocol used by DeCourcy and Jenssen (1994) for
their study of display behavior by male A. caro-
linensis from Florida. Our database partially re-
peats that of DeCourcy and Jenssen (1994) be-
cause we wanted our female data to be com-
pared with males from the same population.

We housed lizards singly in large, green paint-
ed plywood holding cages (0.6 3 0.6 3 0.7 m)
containing a tree bark/mulch substratum, small
stumps, branches, and artificial plants. Each
cage was illuminated on a 14L:10D cycle, using
a 150 W incandescent and double 40 W fluo-
rescent lamps. Peak daytime temperature gra-
dients within the cages ranged from 30–35 C
directly under the incandescent lamps; night
temperatures dropped to 24 C. Water was avail-
able in shallow earthenware dishes situated in
the litter and by daily misting of the leafy hab-
itat. The lizards were fed crickets dusted with

calcium lactate powder and vitamins. After the
study was concluded, the lizards were returned
to the same field site where they were collected.

Behavioral observations were made on con-
sexual pairs within a green painted plywood
chamber (0.6 3 0.8 3 2.4 m) with a screened
top. One wall was of slanted glass to permit sur-
veillance and videotaping, while reducing the
likelihood that subjects could see their own re-
flections. An opaque, removable partition divid-
ed the chamber into halves and separated the
two subjects. Temperature, light, and habitat
characteristics were the same as in the holding
cages. Each subject in the divided chamber had
a similar habitat cluster in which the most fre-
quented perches were at the far ends of the
chamber. Thus, when the partition was re-
moved, subjects were generally at initial sepa-
ration distances $ 1.5 m.

We conducted 15 consexual trials (11 female
and 4 male pairings), with no individual used
more than once. To begin a trial, a pair of size-
matched subjects was moved to the observation
chamber and allowed 2–3 days to acclimate. A
videotape recording was then made within two
contexts: (1) 30 min of each subject with the
partition in place (subject-alone context); and
(2) a subject-determined duration with the par-
tition removed (consexual aggressive context).
The female-female or male-male interaction be-
gan with the removal of the partition and con-
tinued until one of the subjects repeatedly re-
treated from the advances of the other (crite-
rion for a ‘‘winner/loser’’ relationship).

We videotaped trials from a separate, dark-
ened room through a small window 1.5 m from
the observation chamber. Two Panasonic cam-
eras (Model-WV 1550, with 16-160 mm zoom
lenses), one trained on each subject, were used
to continuously record the subjects’ behaviors.
A split-screen generator (Vicon Model V270SP
P8) juxtaposed both lizard images on the same
screen. A time/date generator (Odetics Model
G-77) superimposed elapsed time in increments
of 0.01 sec. A Panasonic video cassette recorder
(Model AG-7300) recorded at a rate of 30
frames/sec, thereby allowing for frame-by-frame
analysis of signal behavior in 0.03-sec incre-
ments. Commentary and intersubject separa-
tion distances were dictated onto the audio
track of the videotape. A metric measuring tape
mounted outside the observation chamber fa-
cilitated estimates of intersubject distances.

We divided headbob displays into naturally
occurring units of bobs (odd numbered units)
and interbob pauses (even numbered units).
Using frame-by-frame measurements, the rela-
tive head amplitude and duration of each bob
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Fig. 1. Generalized Display-Action-Pattern (DAP)
graphs for type A, B, and C patterns of Anolis caroli-
nensis, based on 159 DAP-graphed displays from 22
females and 172 DAP-graphed displays from eight
males collected near Augusta, Georgia. The x-axis is
elapsed time (sec) for the durations of bob and in-
terbob units (1–10). The y-axis depicts up and down
head amplitude relative to elapsed time (but is quite
variable). Relative dewlap extension (when present)
is depicted with a downward vector (area of hash
lines). Number of bobs after unit 10 varied (1–9)
among display performances.

and interbob pause were plotted, with ampli-
tude on the y-axis and duration on the x-axis.
The resulting plots, referred to as ‘‘display-ac-
tion-pattern’’ graphs (DAP graphs, sensu Car-
penter, 1961), were examined for reoccurring
(i.e., stereotyped) headbob patterns. Each
unique, stereotyped pattern was considered a
structurally separate signal and is referred to as
a ‘‘display type.’’

The variables recorded for each videotaped
display were (1) identity of displayer, (2) social
context, (3) display type, (4) unit durations, (5)
presence or absence of dewlap extension and
unit of appearance if dewlap was extended, (6)
distance separating the subjects during the dis-
play, and (7) sequential position of the display
(i.e., first, second, third, etc.) if the display was
a part of a ‘‘volley’’ of rapidly sequenced dis-
plays (i.e., displays , 2 sec apart).

Intersexual measurements were also made on
the area of the extended dewlap and the rela-
tive amplitude of head movements during dis-
play. Dewlap area for live lizards of known size
was quantified with a Numonics digitizer (Mod-
el 274-167) by tracing the outline of the extend-
ed dewlap (sensu Fitch and Hillis, 1984). For
each dewlap, we measured the area three times
and recorded the average value. We measured
head amplitude from videotapes, but quantita-
tive comparisons were complicated by the fol-
lowing factors. Amplitude can vary due to cam-
era angle and distance to the displayer, the body
size of the displayer, the specific bob and display
pattern being performed, and the displayer’s
motivational state. The last factor by itself can
largely confound an attempt to quantify head
amplitude for a class of lizards. This is because
the same individual can perform the same dis-
play pattern with an interdisplay amplitude var-
iance ranging from less than the thickness of
the head (appearance of ‘‘nodding,’’ analogous
to a whispered message) to exaggerated ampli-
tude effected by both forelimb and neck flexure
(appearance of ‘‘pushups,’’ analogous to a
shouted message). Thus, amplitude has a grad-
ed expression between display performances
(i.e., a display modifier sensu Jenssen, 1979) but
does not alter the display cadence pattern.

Despite the intraindividual variance in bob
amplitude, we looked for an intersexual differ-
ence to head amplitude by controlling as many
variables as possible. We selected only videotape
sequences in which displayers were perpendic-
ular to the camera and were engaged in the
same social context at a similar intersubject dis-
tance (i.e., long range encounter . 60 cm in
2.4 m cage). Then we measured the same bob
of a specific display pattern (i.e., unit 5 of the

type C display, see Fig. 1). Placing a transparent
overlay on a 50 cm video monitor, we plotted
and measured the distance between the lizard’s
nose when (1) at its maximum height during
the bob and (2) at its lowest amplitude going
into the subsequent interbob pause. To com-
pensate for camera distance and lizard size, we
divided the bob amplitude’s maximum to min-
imum distance by the nose tip to mideye dis-
tance; this dimensionless ratio related bob am-
plitude to the displayer’s head size. Although
males tend to have larger heads than females,
the sex-biased dimorphism appears isometric,
proportionally reflecting the ‘‘male-larger’’
scale of SVLs between the sexes ( Jenssen et al.,
1995b).

Descriptive statistics are reported as means
(x̄) 6 standard error of the means (SE). Statis-
tical comparisons of display structure used in-
traindividual means as single datum to elimi-
nate sample bias resulting from unequal num-
ber of displays from different individuals. SAS
(Statistical Analysis Systems, vers. 6, Cary, NC,
1987, unpubl.) software provided the statistical
procedures for tests of comparisons.

RESULTS

Display types.—From 132 female and 172 male
displays, we isolated three distinct headbob pat-
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Fig. 2. Plots of the first two canonical variables
from a discriminant analysis of units 1–10 for 159 dis-
plays by 22 female and 172 displays by eight male An-
olis carolinensis for display types A (circles: females sol-
id, males open), B (triangles: females solid, male
open), and C (squares: females solid, males open).

terns (i.e., display types) which were intersexu-
ally homologous (Fig. 1). Following the conven-
tion of DeCourcy and Jenssen (1994), we first
labeled the display types as A, B, and C, the in-
tradisplay units as 1 through 10, and secondarily
divided the displays into 3 sections (S1, S2, and
S3) to analyze and categorize the three display
types (Fig. 1). Section one (S1) was largely di-
agnostic for display type because S1 of type A
displays contained five units, type B displays
three, and type C displays only one. The units
in S2 and S3 were shared across the three display
types, where S2 comprised the four units from
a pair of bobs and their intervening pauses, and
S3 contained a variable number of bobs (1–9)
not included in our analysis (Fig. 1).

Dewlap use during headbob displays was the
same for both males and females. Both sexes
performed type A, B, and C displays with and
without dewlap extension. Dewlap behavior,
whether extended or withheld, had no effect on
the bob cadence of the three display patterns
(i.e., no statistical difference in unit durations).
When the dewlap was extended, it invariably ap-
peared at the end of unit 10 of all three display
types. But when displays were closely sequenced
(i.e., in a volley), the dewlap could remain ex-
tended from a previous display.

The uniqueness between the three display
types and the intersexual similarity within each
display type are graphically demonstrated using
a Canonical Discriminant Analysis based on
units 1–10 (Fig. 2). There was virtually no over-
lap in plotted data between the display types,
but within display types, there was extensive

overlap for male and female data. Seventy-five
percent of the total model variance was ex-
plained by the first canonical axis (eigenvalue
148.58) and 24% by the second axis (eigenvalue
48.25).

Display stereotypy.—There was relatively little tem-
poral variability for each display unit (Table 1).
As a measure of relative unit stereotypy, values
for the coefficient of variation (CV 5 standard
deviation 3 100/x̄) , 35% were used to indi-
cate highly stereotyped behaviors (Barlow,
1968). Nineteen of 24 female units for the three
display types had CV values , 35%, and 23 of
24 male units were , 35% (Table 1).

The relatively small amount of temporal var-
iance occurring in the three display types was
partitioned by display unit according to display
type, sex, among individuals, and within individ-
uals using a nested ANOVA. Display type ex-
plained the greatest proportion of variance for
units 1–6, 8, and 10 (Table 2). These eight units,
then, primarily established the distinctiveness of
the three discrete signal structures. In contrast,
sex as a source of variance had little effect on
display cadence. Except for unit 7 (17%), sex
accounted for little (, 7%) of the total variance
in all unit durations, including total display du-
ration. For the two remaining units (7 and 9)
and for total display duration, the intraindivid-
ual component was the greatest source of vari-
ance. However, we placed little functional sig-
nificance to this because units 7 and 9 are both
quick bobs (0.132–0.209 sec), with little oppor-
tunity for expressing much range in intraindi-
vidual expression. The same is true for entire
display performances, for which CV values were
, 8%.

Intersexual display comparisons.—Unit durations
were very similar for homologous units within
display types for male and female A. carolinensis
(see also previous variance analysis). Only one
unit duration significantly differed intersexually
for type A, two for type B, and one for type C
(Table 1). Total display duration was also inter-
sexually similar, with only type B duration show-
ing a significant difference (Table 1). The spe-
cies’ sexual size dimorphism ( Jenssen et al.,
1995b) appeared to have little impact on fe-
male/male display durations. Female subjects,
who averaged 17% shorter SVLs than male sub-
jects, had total display durations (units 1–10)
similar to those of males (female/male compar-
isons of 1.52/1.53 sec for type A, 1.38/1.49 sec
for type B, and 1.34/1.38 sec for type C displays;
Table 1). Given that males have a similar or po-
tentially greater head amplitude than females
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TABLE 1. INTERSEXUAL COMPARISON (MEAN, STANDARD ERROR, COEFFICIENT OF VARIATION, AND KRUSKAL-WALLIS

TEST, H AND P VALUES) FOR TYPE A, B, AND C DISPLAY UNIT DURATIONS FROM 22 FEMALE AND 8 MALE Anolis
carolinensis COLLECTED NEAR AUGUSTA, GEORGIA. Sample sizes were seven type A, 20 type B, and 105 type C

female displays and 47 type A, 49 type B, and 76 type C male displays.

Unit statistics

Type Unit

/–/ Context

Mean SE CV

?–? Context

Mean SE CV H P

A U1
U2
U3
U4
U5
U6
U7
U8
U9
U10

0.217
0.057
0.140
0.150
0.179
0.287
0.136
0.056
0.148
0.129

0.009
0.014
0.006
0.014
0.014
0.021
0.014
0.008
0.006
0.019

12.9
56.0
13.6
27.3
22.9
22.0
30.1
41.1
12.2
45.0

0.193
0.076
0.138
0.131
0.161
0.363
0.132
0.058
0.134
0.140

0.012
0.007
0.002
0.007
0.006
0.017
0.005
0.006
0.005
0.010

17.1
27.6
4.3

14.5
11.2
13.5
10.6
31.0
9.7

20.7

2.13
0.15
0.09
0.04
0.34
6.04
0.34
0.40
2.12
0.06

0.145
0.700
0.770
0.846
0.562
0.014
0.562
0.529
0.146
0.809

U1–10 1.517 0.029 5.8 1.525 0.031 5.7 0.23 0.631

B U1
U2
U5
U6
U7
U8
U9
U10

0.190
0.122
0.339
0.175
0.160
0.048
0.158
0.188

0.013
0.005
0.009
0.013
0.011
0.010
0.013
0.019

16.3
9.8
6.2

18.4
16.3
52.1
19.6
23.8

0.172
0.104
0.389
0.240
0.149
0.057
0.157
0.225

0.004
0.008
0.015
0.020
0.008
0.007
0.007
0.015

7.6
23.1
11.3
23.8
14.8
35.1
12.1
18.7

2.82
1.37
4.83
4.01
0.15
0.02
0.51
1.68

0.093
0.243
0.028
0.045
0.698
0.897
0.477
0.195

U1–10 1.380 0.031 5.5 1.492 0.027 5.2 5.40 0.020

C U5
U6
U7
U8
U9
U10

0.509
0.169
0.184
0.133
0.206
0.138

0.009
0.013
0.007
0.008
0.007
0.008

8.4
36.7
17.4
27.1
16.0
28.3

0.509
0.202
0.159
0.147
0.209
0.151

0.012
0.020
0.005
0.007
0.010
0.009

6.5
28.7
8.2

14.3
12.9
17.2

0.07
1.73
4.27
2.47
0.01
0.64

0.796
0.189
0.039
0.116
0.907
0.425

U5–10 1.339 0.018 6.4 1.377 0.036 7.4 1.16 0.281

(see below), males must be using a greater head
velocity (head distance traveled/unit of time)
than females during display performance.

Dewlap area and bob amplitude.—At any given SVL
for adult lizards (50–70 mm SVL), the female
dewlap area was approximately two-thirds small-
er than that of the male dewlap (Fig. 3). Even
exceptionally large females (.63 mm SVL) did
not have the dewlap area of a small adult male
(50 mm SVL).

The vertical displacement of the head during
the bobbing movements of a display was quan-
tified for five males and six females. For this
sample we were able to control for camera dis-
tance, SVL, social context, display type, and par-
ticular bob within a display (see Materials and
Methods). We focused the analysis on unit 5 of
the type C display, and found the average male
and female headbob amplitudes (i.e., head am-

plitude/snout tip-to-eye ratio for males: 0.84 6
SE 0.101; for females: 0.71 6 SE 0.097) were not
significantly different (Kruskal-Wallis test, df 5
1, H 5 1.20, P 5 0.27).

Signal use (subject-alone context).—None of the 22
female subjects displayed during 11 h of ‘‘fe-
male-alone’’ videotaped sessions. In contrast,
solitary males under identical conditions dis-
played at a mean rate of 18 displays/h, extend-
ing their dewlaps with almost every display (Ta-
ble 3). By definition, the displays of a solitary
lizard are nondirected and may reflect an ad-
vertisement function (i.e., assertion context).
The male displays during the assertion context
were a mixture of the three display types, with
type C comprising the majority (50%; Table 3).

Signal use (consexual context).—During the initial
phase of consexual contact (i.e., challenge con-
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TABLE 2. PROPORTION (%) OF VARIANCE FOUND IN

UNIT DURATIONS OF SEVEN TYPE A, 20 TYPE B, AND 105
TYPE C DISPLAYS BY 22 FEMALE AND 47 TYPE A, 49 TYPE

B, AND 76 TYPE C DISPLAYS BY 8 MALE Anolis carolinensis
ATTRIBUTED TO DISPLAY TYPE, SEX, AMONG-INDIVIDUAL,
AND WITHIN-INDIVIDUAL COMPONENTS OF A NESTED

ANOVA.

Unit

Variance component (%)

Display
type Sex

Among
individuals

Within
individuals

1
2
3
4
5
6
7
8
9

10

97.7
93.7
99.1
97.7
87.3
51.6
12.2
59.0
45.5
40.3

0.4
0.0
0.1
0.0
0.8
5.3

17.2
6.9
1.1
1.8

0.9
2.8
0.0
1.6
2.4

18.5
25.3
3.1
7.7

35.3

1.0
3.5
0.8
0.7
9.5

24.6
45.3
31.0
45.7
22.6

All (1–10) 32.2 2.5 9.7 55.6

Fig. 3. Intersexual comparison of the extended
Anolis carolinensis dewlap area by body size, where fe-
male (diamonds) and male (squares) data are fitted
to solid and dashed lines, respectively.

TABLE 3. INTERSEXUAL COMPARISON OF Anolis carolinensis SIGNAL USE IN SOLITARY AND CONSEXUAL CONTEXTS

AND AT LONG (. 60 cm) AND SHORT (, 20 cm) INTERINDIVIDUAL DISTANCES. Data are based on 132 displays
by 22 females and 172 displays by eight males. * These data are from DeCourcy and Jenssen (1994).

Signal
variable

Solitary

/ ?*

Female–Female

Long Short

Male–Male

Long Short

Display Rate
(per min) 0.0 0.3 0.3 0.2 1.1 4.0

Display Types
Type A
Type B
Type C

N/A
N/A
N/A

20%
30%
50%

5%
15%
80%

10%
15%
75%

5%
5%

90%

25%
35%
40%

Displays With
Dewlap NA 97% 49% 41% 86% 15%

Display Bouts
In Volleys NA 46% 73% 47% 80% 8%

text), while pairs were still at long separation
distances (. 60 cm), the sexes tended to have
a similar signal use profile (Table 3). Males and
females showed no significant difference in sig-
nal rate (Wilcoxon-Mann-Whitney test, W 5
308, P . 0.05), nor in the proportion of displays
grouped into volleys (Wilcoxon-Mann-Whitney
test, W 5 295, P . 0.05). Although both sexes
primarily performed type C displays at long sep-
aration distances (80%, females; 90%, males),
there was a small but significant intersexual dif-
ference in the proportion of A, B, and C dis-
plays (chi-square test, x2 5 6.9, P 5 0.04). The
largest intersexual difference occurred when
comparing dewlap use during long distance dis-

play exchanges. Only 49% of female displays
were accompanied by dewlap extension as com-
pared with 86% of male displays (Wilcoxon-
Mann-Whitney test, W 5 274, P 5 0.01)

The intersexual signaling profiles, however,
dramatically diverged as subjects approached
within lunging and biting distance (, 20 cm
apart) of one another. Although the female sig-
naling profile did not significantly change for
any variable (P . 0.05) with decreased separa-
tion distance, the male signaling profile shifted
significantly for all measured variables. The
male display rate increased fourfold (Wilcoxon
signed rank test, Z 5 34, P 5 0.02), type A and
B displays increased sixfold and C displays de-
creased by half (chi-square test, x2 5 288, P 5
0.0005), displays in volleys decreased 10-fold
(Wilcoxon signed rank test, Z 5 21, P 5 0.03),
and displays with dewlap extension decreased
sixfold (Wilcoxon signed rank test, Z 5 21, P 5
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TABLE 4. INTERSEXUAL COMPARISON OF Anolis caroli-
nensis SIGNAL VARIABLES RECORDED DURING CONSEX-
UAL ENCOUNTERS BY 22 FEMALES AND EIGHT MALES.
* See Greenberg (1977) or Jenssen (1979) for defi-

nitions of display modifiers.

Variables Females Males

Body size (SLV)
Dewlap size

54.2 mm
0.22 cm2

65.5 mm
1.52 cm2

Display pattern
Stereotypic types
Dewlap extension

A, B, C
with or
without

A, B, C
with or
without

Display modifiers*
Raised crest
Lowered throat
Sagittal flattening
Mouth gape
Mouth gape/tongue out
Color change

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

Display orientation*
Lateral presentation Yes Yes

0.03). Over the course of the challenge encoun-
ter (long and short range phases combined),
the intermale display rate (x̄ 5 168 displays/h)
was 14 times greater than that for interfemale
encounters (x̄ 5 17 displays/h).

In their respective consexual encounters,
males and females employed very different tac-
tics for conflict resolution. Male subjects fol-
lowed a ritual common to males of their species,
as well as to males of many Anolis species (e.g.,
Jenssen, 1979). Succinctly described, all pairs of
contesting subjects circled head-to-head, then
‘‘jaw sparred’’ and finally ‘‘jaw locked.’’ The re-
ciprocal mouth-to-head hold was used to twist
the opponent from the perch, with a male win-
ning when the other declined to reengage. In
contrast, the interfemale encounters were less
ritualized, less intense, and much less likely to
lead to escalated fighting than were intermale
encounters. Females did not circle, jaw spar, or
jaw lock, nor did interfemale contests pose any
apparent injury to the contestants. Some en-
counters concluded with one female voluntarily
moving away, but most concluded with a non-
contact lunge and/or short chase. Only one en-
counter was settled by a quick bite to the near-
est limb of the opponent. Nevertheless, during
consexual contacts, females used the same three
display types and all the display modifiers as ob-
served during intermale encounters (Table 4).

DISCUSSION

Signal number and structure.—Our intersexual
analysis of the aggressive signals of A. carolinensis
documented a common repertoire. Included in
this shared complement of signals were the
same three headbob display patterns (types A,
B, and C) which DeCourcy and Jenssen (1994)
found males to use in both territorial advertise-
ment (assertion context) and territorial defense
(challenge context). For males, the temporal
pattern of each display type is extremely stable,
showing very little variation between individu-
als, whether captive or free-ranging, and be-
tween geographic populations (Lovern et al.,
1999). We found that female A. carolinensis are
also ‘‘precise’’ displayers, sharing the same high
level of stereotypy observed in male displays.
Within the limited temporal variation between
display performances, sex contributed very little
as a source of variance.

The anecdotal perception that displaying fe-
males ‘‘head-nod,’’ while displaying males
‘‘head-bob’’ or ‘‘pushup,’’ can be attributed to
the male-larger body size dimorphism and the
seemingly smaller range of amplitude that fe-
males use while performing any one of the
three display patterns. Nevertheless, when con-
trolling for body size and display type, extensive
intraindividual variability in amplitude between
display performances swamped any significant
effect due to sex. The amplitude analysis also
indicated that lizards were modulating the ve-
locity of their head movement as they chose to
perform an exaggerated or dampened version
of a display pattern. Despite an almost threefold
range in amplitude/head size ratios (0.41–
1.10), the total time to move the head through
units 1–10 showed little variance.

An obvious intersexual difference in signal
structure was the size of the extended dewlap.
Females have only one-third the dewlap area of
similar sized males. Given the added effect of
body size dimorphism, our average-sized male
(65 mm SVL) had a dewlap area (1.52 cm2) sev-
en times that of our average-sized female (54
mm SVL, 0.22 cm2; Table 4). The large size of
the male dewlap distinctly amplifies the con-
spicuousness and potential broadcast distance
of male displays over those of females. Given
the manner in which the male dewlap is used,
it can be inferred that its large size reflects
prominent intrasexual selection. Field observa-
tions during the breeding season record males
spending 37% of their time displaying in non-
directed contexts and in long distance (. 3.5
m) consexual exchanges, whereas only 4% of
their time was directed to the relatively short
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distance heterosexual exchanges with resident
females ( Jenssen et al., 1995a). In contrast, the
display exchanges between free-ranging females
were infrequent (0.3% of daily activity period)
and at short distances (, 2 m; Nunez et al.,
1997).

Signal use.—The frequency-related use of ag-
gressive signals showed pronounced intersexual
differences. In making functional inferences for
these differences, we assumed signal behavior
during the subject alone context reflected ter-
ritory advertisement (the assertion context),
and signaling during the consexual context re-
flected territorial contests (challenge context).
Our solitary females failed to display, whereas
solitary males gave A, B, and C displays in sim-
ilar proportions at an average rate of 18/h
(DeCourcy and Jenssen, 1994; present study).
This intersexual difference is even more dra-
matic for free-ranging A. carolinensis. Nondirect-
ed displaying by perched females and males av-
eraged 1/h and 46/h, respectively, and when
moving between perch localities diverged to 6/
h and 209/h, respectively ( Jenssen et al., 1995a;
Nunez et al., 1997). Therefore, unlike males, fe-
males do not advertise their presence or their
territories by displaying.

In our consexual context, the aggressive in-
tensity between paired females was much less
than between paired males. Females displayed
less, did not adjust their aggressive signals to in-
creasing threat, and resolved their conflict with
much less ritualized interactions or escalated
fighting. Display rate of interacting females (x̄
5 17/h) was 14 times less than that of interact-
ing males (x̄ 5 240/h). For males, approaching
within lunging and biting distance (, 20 cm
apart) created a fourfold increase in display
rate, almost an eightfold increase in displays
without dewlap extension, a 10-fold shift away
from multidisplay volleys to separate displays,
and an increase of A and B display types by five
and sevenfold, respectively (DeCourcy and Jens-
sen, 1994; present study). These frequency tran-
sitions, based on decreasing separation distanc-
es (i.e., increasing risk), can be interpreted as
evidence of a bluff system for intimidation and
assessment or as the outcome of heightened
flight-fight conflict (reviewed in Bradbury and
Vehrencamp, 1998). In contrast, the signal fre-
quency profile for females showed little change
as opponents came within physical threat dis-
tance of each other. If females have a contin-
gent intimidation or assessment strategy or if
they experience a growing conflicted arousal
state, there were no obvious signal transitions to
suggest such potentials.

Conflict resolution between paired males un-
der various protocols (e.g., Greenberg and No-
ble, 1944; McMann, 1993; Leuck, 1995), includ-
ing our own, follows a ritual which begins with
shifts in body color (a flush of brown turning
to green with a black eyespot), size-enhancing
changes in body proportions (sagittal flattening,
lowered throat, raised nuchal crest), and volleys
of displays (featuring dewlap extension and type
C cadence pattern). When close, opponents cir-
cle, display rates more than triple, and dewlaps
are rarely extended (DeCourcy and Jenssen,
1994; present study). All display modifiers (see
Table 4) are now employed. Circling progresses
to a head-to-head proximity, then to ‘‘jaw spar-
ring,’’ and finally to ‘‘jaw locking’’ ( Jenssen,
1979, for further description). Though other
opportunities exist, males restrict their mouth
holds to their opponent’s head or jaw. Escalated
fighting culminates in one or a series of pro-
tracted jaw locks, testing each other’s strength,
endurance, and willingness to risk injury. In lab-
oratory-staged fights between size-matched
males, encounters are intense, can last over an
hour, and may result in exhaustion and bleed-
ing wounds (unpubl. data; Leuck, 1995, pers.
comm.). In contrast, our size-matched females
lacked the male combat ritual (though they did
exhibit the size-enhancing modifiers), never jaw
sparred or jaw locked, and only once bit in 11
encounters. Free-ranging females corroborate
our laboratory observations. Nunez et al. (1997)
found that interfemale aggression between
neighbors was infrequent (x̄ 5 1/7 h), brief (x̄
5 1.6 min) and involved little ritual or likeli-
hood of physical contact. In summary, agonistic
females showed no dramatic shift in kinds of
signals, rate of signaling, or proportion of sig-
nals with increased threat, nor did they partici-
pate in ritualized, high-risk physical struggles
which are characteristic of males.

Overview.—The intersexual asymmetries that we
found in dewlap size and consexual signal use
(both territorial advertising and defense con-
texts) of A. carolinensis should reflect the select-
ed consequences which consexual contests have
on female and male potential reproductive rates
(PRR). For free-ranging females, consexual
competition for resources appeared to have a
negligible effect on female PRR (Nunez et al.,
1997; Jenssen and Nunez, 1998). Therefore, the
female pattern of aggressive signal use should
be under minimal intrasexual selection. As a
consequence of the small risk involved in inter-
female aggressive encounters, we suggest that
females do not benefit from buffering their ter-
ritories through advertisement displaying.
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When intrusion does occur, females can afford
to signal simply and ‘‘honestly’’ (sensu Brad-
bury and Vehrencamp, 1998).

For free-ranging males, however, consexual
contests largely determine male PRR (Ruby,
1984; Jenssen and Nunez, 1998). Therefore, in-
termale signaling should be significantly affect-
ed by intrasexual selection, as reflected by sex-
ual dimorphisms in territorial behavior. Field
observations confirm that males have eightfold
larger territories (69 m3) than females (8 m3),
invest sixfold more patrol distance (27 m/h)
than females (4 m/h), and produce nondirect-
ed displays at far greater rates than females
while perched (46 and 1 displays/h, respective-
ly) and moving (x̄ 5 209 and 6 displays/h, re-
spectively; Jenssen et al., 1995a; Nunez et al.,
1997). The large male dewlap, used consistently
during solitary displaying (DeCourcy and Jens-
sen, 1994; present study), presumably has selec-
tive advantage for greater broadcast distance
and could function to intimidate males from en-
tering the patrolled habitat. The large dewlap is
also extended with the initial displays of male-
male exchanges (DeCourcy and Jenssen, 1994;
present study) and could function as a reliable
assessment criterion for signaler body size (sen-
su Maynard Smith and Harper, 1988; present
study). Finally, the intermale encounters used
deceptive, size-enhancement signals (i.e., mod-
ifiers) and a shifting pattern of signal use when
the risk from escalated fighting increased (e.g.,
DeCourcy and Jenssen, 1994; present study).
This ritualized combat by male A. carolinensis is
evidence for an evolved manipulative system of
some complexity, perhaps as a game of sequen-
tial assessment (sensu Bradbury and Vehren-
camp, 1998).
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