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Abstract Mate choice by females has been documented
in a variety of taxa. Female mate choice in species
lacking male resource control or paternal care might
occur if preferred males provide protection from ha-
rassment. Female mate choice was investigated in a
natural population of the non-territorial lizard Ameiva
plei (Teiidae). Consort pairs were allowed to form nat-
urally. Consort males were significantly larger than non-
consort males. After removal of consort males, the
“abandoned” female’s reaction to the first male who
approached her was recorded. Females rejected all small
males. Female preference for large males was signifi-
cantly higher than preference for small males. Large
males may be better equipped to guard the females from
harassment and behavior of large males is less harassing
than behavior of small males, thereby affording the fe-
male increased foraging time.
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Introduction

A recent review of mate choice in lizards (Tokarz 1995)
noted that whereas there is now much evidence that fe-
male choice occurs in fishes, amphibians and birds, there
is much less evidence for female choice in reptiles. The
shortage of mate choice studies on reptiles is peculiar in
that some reptiles, in particular lizards, seem to be ideal
candidates for investigating mate choice. Lizards often
exhibit sexually dimorphic coloration and conspicuous
behavioral displays, providing obvious phenotypic
characters on which mate choice might be based. In
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addition, lizards often have polygynous mating systems,
leading to substantial variation in mating success among
males that can be used to measure female preferences.

Most of the studies on female choice in lizards have
focused on territorial species. It is thought that females
of territorial species may have little opportunity to assess
and compare different males because males tend to ar-
range their territories to enclose the female’s territory,
and males exclude other males from those territories.
Therefore females rarely see more than one male at a
time (Stamps 1983). Most studies have shown, in fact,
that females choose mates based on the resources that
the males defend and not on the physical attributes of
males (Keister 1979; Ruby 1981, 1984; Trillmich 1983;
Stamps 1987a,b; Hews 1990). In non-territorial species,
however, females have the opportunity to encounter
many males within a day (Anderson and Vitt 1990;
Censky 1995a, 1996). Interestingly, the only study that
has demonstrated female choice based on male attri-
butes, namely body size, was that of a non-territorial
species, Eumeces laticeps (Cooper and Vitt 1993). The
few studies that have looked at sexual size dimorphism
in non-territorial lizards (Anderson and Vitt 1990;
Censky 1995a, 1996) have demonstrated that sexual
selection occurs due to large male advantage in intra-
sexual encounters. Female choice, however, has not been
explored in these species.

In his review, Tokarz (1995) called for more studies to
test whether mate choice occurs in lizards, and suggested
that species that have ‘“‘some special aspect of their
ecology...” would be appropriate. Tokarz recommends
Anolis valencienni because, unlike other Anolis which are
territorial, sit-and-wait foragers, 4. valencienni is a non-
territorial, active forager. Therefore, females in this
species have the opportunity to encounter many males
while foraging. I suggest, like Tokarz, that non-territo-
rial lizards may provide an opportunity to examine non-
resource based female choice. Instead of focusing on a
species whose non-territorial spacing system is the ex-
ception in its family, I have investigated a species for
which non-territoriality is the norm among its relatives.
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If female choice is found in “‘non-territorial” species in
general, evolving multiple times in independent lineages,
this may prove to be more convincing evidence of
adaptation.

Ameiva plei is a non-territorial teiid lizard which is
sexually dimorphic in size, with males attaining larger
body sizes than females. Both males and females spend a
large portion of the day foraging within their home
ranges, and home ranges of both sexes overlap exten-
sively (Censky 1995a). Therefore, females have ample
opportunity to assess the phenotypic quality of different
males. There is strong evidence that intrasexual com-
petition for access to mates has favored large body size
in males of this species (Censky 1995a, 1996). A dem-
onstration that male body size is influenced by intra-
specific competition, however, does not preclude mate
choice by females also influencing body size. While both
forms of sexual selection are often discussed as separate
entities with no influence on the other, both components
may be operating in many mating systems (Cox and Le
Boeuf 1977; Searcy 1982; Partridge and Halliday 1984;
Bradbury and Davies 1987; Catchpole 1987). Large
body size is strongly associated with dominance in in-
teractions between males in many species (Dugan 1982;
Dugan and Wiewandt 1982; Pratt et al. 1992; Rodda
1992; Cooper and Vitt 1993; Censky 1995a). Female
choice of mates, however, could reinforce selection for
exaggerated traits, such as large body size of males
(Searcy 1982). Of course, for mate choice to result in
sexual selection it must affect reproductive success dif-
ferentially (Searcy and Andersson 1986).

In this paper, I present data on field experiments to
determine whether female mate choice occurs in Ameiva
plei. The hypothesis tested was that mate choice by fe-
males was influenced by the body size of males. More
explicitly, I investigated whether females show a pref-
erence for the largest males among those they encounter.
If females exercise choice, they would be expected to
reject small males that they encounter.

Materials and methods

The study was conducted between 21 June and 25 July 1995 on the
island of Anguilla, northern Lesser Antilles. The study site was
described in Censky (1995a). Lizards were captured by noosing. A
series of four colored beads was sewn onto the base of the tail to
permit individual identification. Lizards were measured for snout-
vent length (SVL; nearest 1 mm) and weighed (nearest 1 g) and
released at the site of capture.

Females in this population are not synchronous in their re-
ceptivity (Censky 1995a). Therefore, in order to test a sufficient
number of females in the choice experiments, both naturally re-
ceptive and females of induced receptivity were used. To induce
receptivity, females were injected subcutaneously with estradiol. 1
modified the protocol for inducing receptivity established by
Cooper et al. (1986) as follows: females were injected with 1.0 pg
17-p estradiol in 20 pl safflower oil each day for 4 days. Induced
females were held in cages and supplied with food for the period of
injections. They were then released at the site of capture. Ideally,
naturally receptive females also should have been held in captivity

to reduce any effects of captivity between naturally receptive and
induced females; however, this could not be done because recep-
tivity in this population lasts for only 24 days (Censky 1995a),
allowing insufficient time for both captivity (for 4 days) of naturally
receptive females and experimental runs of those females. Twelve
females were induced to receptivity and three females were found
naturally receptive.

Induced females were released late in the day. After release,
these females typically disappeared quickly into their burrows. The
following day, I allowed male-female pairs to form naturally. On
the first day of receptivity, males typically fight over females, with
the largest male attaining the “‘right” to guard the female (Censky
1995a). The male guards the female, staying in close proximity to
the female for the entire day. Just before the female retreats to her
burrow, the male usually copulates with her; she then retreats and
the male often covers her burrow and guards it for up to 30 min. He
then retreats to his burrow. The next day the guarding male is
waiting at the female’s burrow when she emerges and another day
of guarding begins. The male guards the female for the duration of
her receptive period and usually mates with her just prior to and
just after his absences from her (i.e., when she is in her burrow)
(Censky 1995a).

When a male guards a female and she subsequently mates with
him, it is not clear whether the female actually prefers that male, or
whether she has no choice but to mate with him because he keeps
all other males away. The basic plan for my experiment was to
provide a situation in which a female might exercise choice, as
determined by either acceptance ( = copulation) or rejection of a
male. This was done by removing the guarding male, and then
observing the female’s reaction to other males that attempt to mate.
The prediction is that if females exercise choice for large males, they
will prefer the largest of available males.

In this experiment, half of the males were allowed to copulate
and after the consort female retreated to her burrow, the male was
collected. The other half of the males were collected prior to mating
but just before the female retreated into her burrow. All males were
held overnight. This was done to determine whether copulation
would influence future female choice. The next morning, all inter-
actions that occurred when the “abandoned” female emerged from
her burrow were recorded. Females were followed for the rest of
the day.

In 8 of 15 cases, the original consort males that had been held
overnight were released near the female 2 h after she emerged from
her burrow. The female’s reaction was recorded along with inter-
actions with other males.

Statistical analyses were done using Statmost 2.50 (Datamost
Corp., Salt Lake City, Utah). The -test was used to determine if
SVL differed between consort and non-consort males. The Mann
Whitney U-test was used when data did not meet assumptions for
normal data. “Repeated measures’ chi square (Linton and Gallo
1973) was used to determine whether prior copulation influenced
future copulation by females. The null hypothesis was that there
was no association between the two events. For all tests, level of
significance is o < 0.05.

Results

A total of 15 females was tested. Males who formed
pairs with these females on the first day after the fe-
male’s release (i.e., receptivity) were considered consort
males. Non-consort males, on the other hand, were adult
males that were within 10 m of females on the first day of
receptivity, but did not pair with the female. Consort
males had a mean SVL £SD of 154 mm =+ 8.8 (140-165,
n = 15) and non-consort males had a mean SVL+SD
of 97 +£17.37 (4-144; n = 28; Fig. 1). Consort males
were significantly larger than non-consort males
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(f1528) = 11.93, P < 0.0001). The males that formed
consort pairs with naturally receptive females were not
significantly different in size from those males that
formed pairs with induced females (Mann-Whitney U-
test: Z(3,12) = 0144, P= 089)

Each receptive female’s reaction to the first “‘new”
male that approached the morning after the initial male
was removed was recorded. Of the 15 males that first
approached the “abandoned” females 10 were clearly
rejected. Females that had copulated with the initial
male the previous day were not more likely to accept or
reject other males (“repeated measures” x> = 0.138,
P > 0.05). Females rejected males by either chasing
them, nipping them, or running away. Males that were
rejected pursued females for an average of 20.6 min
(SD=11.36, 8-44 minutes, » = 10). In no instance did
the female that rejected the male later accept him. Males
that were rejected (x = 101.5 mm, » = 10) were signifi-
cantly smaller than males that were not rejected
(x = 144.2 mm, n = 5; Mann-Whitney U-test: Z = 3.06,
P =0.002; Fig. 2).

Interestingly, the manner in which a small male ap-
proached a female differed from that of a large male.
Small males always approached from the rear and im-
mediately tried to mount the female. When the female
moved, the small male persisted in trying to mount the
female. A large male, on the other hand, approached the
female from the front, slowly moving around to the tail,
then moving his head anteriorly along the tail. If the
female moved away, the large male would not persist.
He would stay near the female, but he would not at-
tempt to mount the female. The behavior of the large
male may be related to experience and hence age of the
individual.

Half of the males that were rejected were larger than
the rejecting females, 3—12 mm larger (Fig. 3). However,
rejected males were 10-43 mm smaller than the smallest
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Fig. 2 Size distribution of males that were accepted by females and
males that were rejected by females

(130 mm) accepted male. The difference between the
smallest accepted male and the largest female was
15 mm (130 mm and 115 mm, respectively).

In 8 of 15 cases where the original consort male was
released 2 h after the female’s emergence from her bur-
row, all males found the consort females and began
guarding them. In those instances where the female was
being guarded by another male (4 of 8), the original male
displaced the guarding male. In all cases the original
male was larger than the displaced male.

Discussion

A number of studies suggest that in those species of
lizards in which males do not provide females with re-
sources, females mate with larger, more dominant males
(Dugan 1982; Anderson and Vitt 1990; Rodda 1992;
Censky 1995a). However, the only experimental evi-
dence that female choice of mate is based solely on large
body size was that reported for Eumeces laticeps
(Cooper and Vitt 1993). In that experiment, females
overwhelmingly demonstrated receptivity to large males
and refusal to mate with small males even in the absence
of large males.

Like FEumeces laticeps, female A. plei appear to
choose large males as mates. In this population, females
clearly rejected small males and accepted large males. In
addition to rejecting males shorter than themselves,
A. plei females rejected males that were as much as
12 mm longer in SVL (i.e., females accepted only the
largest males).

Although females chose large males as mates, it was
unclear whether female choice was based on male body
size or on age/experience, as body size up to a certain
size is correlated with age in this population (Censky
1996). It has been suggested that female preference for



224

[J=Female
180
- ~
160
s 7] 7
W 140 o
q
)
-1
B
3 120
>
|
-
g 100
9 N
7]
80
60

Il -Rejected Male

=Accepted Male

Female/Male Groups

Fig. 3 Females grouped with the male that they rejected and the male
that they accepted, by size

older rather than larger males may be common in spe-
cies with indeterminate growth (Coté and Hunte 1993).
Age reflects not only survival ability, but also may in-
dicate quality genes for the offspring (Halliday 1983). A
female that mates with a vigorous male (e.g., a male that
has survived well into adulthood) may gain an evolu-
tionary advantage by passing those genes on to her
offspring (Kirkpatrick and Ryan 1991). Female prefer-
ence for males possessing genes for high viability ari-
ses indirectly, through selection favoring a trait
genetically correlated with the preference rather than
favoring the preference directly. Indirect selection is
expected to occur in species that form leks (Dugan 1982;
Rodda 1992) or are non-territorial (Cooper and Vitt
1993). Direct selection, on the other hand, occurs when
the choice the female makes affects her survival and
fecundity. Direct selection has been implicated in most
studies of female choice in lizards. Females choose
males based on the quality of the resource (e.g., terri-
tory) that the male holds (Trivers 1976; Andrews 1985;
Hews 1990; Pratt et al. 1992) and these resources affect
the female’s survival or fecundity.

A. plei is a non-territorial species of lizard, and as
such it is often assumed that males control few if any
resources. Therefore, female choice should be attributed
to indirect selection. It is possible, however, that 4. plei
males do have a resource to offer females, namely in-
creased foraging time. Females in this population spend
significantly more time foraging when they are being
guarded than when they are alone (Censky 1995a).
Males, however, spend significantly less time foraging
while guarding. This is primarily because the guarding
male remains alert to all activity while guarding the fe-
male. He stations himself near the female, sometimes
touching her. While guarding, the male chases away all
other males. In addition, he may alert the female to
potential predators by his sudden jerky movements

(E. Censky, personal observations). Female activity
while being guarded is primarily foraging (67.9%)
(Censky 1995a). By focusing attention solely on the male
that is positioned near her, instead of having to survey
the 360° world around her, the female may be afforded
increased time for foraging.

A small male may be ill-equipped to guard a female
and defend her from harassment from other males.
Thus, her foraging time would be decreased due to
increased mating attempts from other males. In addi-
tion, the behavior of a small male when attempting to
mate with a female could be termed persistent, if not
harassing, behavior. Small males tend to continue
trying to mount females even though they have been
rejected, whereas large males, once rejected, will retreat
to guarding behavior and not attempt to mount the
female until much later. It has been shown in some
species of fish that females choose large males to avoid
harassment from small males (Warner and Hoffman
1980; Van den Berghe et al. 1989). Increased foraging
for a female should be reflected in both female sur-
vival and fecundity, as the more food a female takes
in, the larger she grows. Larger females have larger
clutches and more clutches in a season (Censky
1995a,b).

My data suggest that female 4. plei show a preference
for large males, rejecting males that are not at least
130 mm in size. Males offer no tangible resource, and
superficially it appears that females are choosing large
males based on the male quality reflecting superior genes
(indirect selection). Females, however, actually may be
selecting large males based on both size and experience.
Their superior ability to “guard” and their low level of
copulatory harassment may increase the time that fe-
males can spend foraging, thereby increasing the fe-
male’s lifetime reproductive success.

Acknowledgements 1 would like to thank William A. Searcy for his
encouragement and advice on this project. I would also like to
extend a deep-felt thank you to David A. Carty for logistical
support without which I could not have done this study. I am



grateful to Rev. John Gumbs for the use of his land as a study site.
This study was supported by a grant from the M. Graham Netting
Research Fund-Carnegie Museum of Natural History.

References

Anderson RA, Vitt LJ (1990) Sexual selection versus alternative
causes of sexual dimorphism in teiid lizards. Oecologica
84:145-157

Andrews RM (1985) Mate choice by females of the lizard, Anolis
carolinensis. J Herpetol 19:284-289

Bradbury JW, Davies NB (1987) Relative roles of intra- and in-
tersexual selection. In: Bradbury JW, Andersson MB (eds)
Sexual selection: testing the alternatives. Wiley, Chichester, pp
143-163

Catchpole CK (1987) Bird song, sexual selection and female choice.
Trends Ecol Evol 2:94-97

Censky EJ (1995a) Mating strategy and reproductive success in the
teiid lizard, Ameiva plei. Behaviour 132:529-557

Censky EJ (1995b) Reproduction in two Lesser Antillean popula-
tions of Ameiva plei (Teiidae). J Herpetol 29:553-560

Censky EJ (1996) The evolution of sexual size dimorphism in the
teiid lizard Ameiva plei: a test of alternative hypotheses. In:
Powell R, Henderson RW (eds) Contributions to West Indian
herpetology: a tribute to Albert Schwartz. Society for the Study
of Amphibians and Reptiles, Ithaca, pp 277-289

Cooper WE, Vitt L] (1993) Female mate choice of large male
broad-headed skinks. Anim Behav 45:683-693

Cooper WE, Mendonca MT, Vitt LJ (1986) Induction of sexual
receptivity in the female broad-headed skink, Eumeces laticeps,
by estradiol-178. Horm Behav 20:235-242

Coté IM, Hunte W (1993) Female redlip blennies prefer older
males. Anim Behav 46:203-205

Cox CR, Le Boeuf BJ (1977) Female incitation of male competi-
tion: a mechanism in sexual selection. Am Nat 111:317-335

Dugan B (1982) The mating behavior of the green iguana, Iguana
iguana. In: Burghardt GM, Rand AS (eds) Iguanas of the
world: their behavior, ecology, and conservation. Noyes, Park
Ridge, pp 320-341

Dugan B, Wiewandt TA (1982) Socioecological determinants of
mating strategies in iguanine lizards. In: Burghardt GM, Rand
AS (eds) Iguanas of the world: their behavior, ecology, and
conservation. Noyes, Park Ridge, pp 309-319

Halliday TR (1983) The study of mate choice. In: Bateson P (ed)
Mate choice. Cambridge University Press, Cambridge, pp 3-32

Hews DK (1990) Examining hypotheses generated by field mea-
sures of sexual selection on male lizards, Uta palmeri. Evolution
44:1956-1966

225

Keister AR (1979) Conspecifics as cues: a mechanism for habitat
selection in the Panamanian grass anole (4Anolis auratus). Behav
Ecol Sociobiol 5:323-330

Kirkpatrick M, Ryan MJ (1991) The evolution of mating prefer-
ences and the paradox of the lek. Nature 350:33-38

Linton M, Gallo PS (1975) The practical statistician. Brooks/Cole,
Monterrey

Partridge L, Halliday T (1984) Mating patterns and mate choice.
In: Krebs JR, Davies NB (eds) Behavioural ecology: an evo-
lutionary approach, 2nd ed. Blackwell, Oxford, pp 222—
250

Pratt NC, Alberts AC, Fulton-Medler KG, Phillips JA (1992)
Behavioral, physiological, and morphological components of
dominance and mate attraction in male green iguanas. Zoo Biol
11:153-163

Rodda GH (1992) The mating behavior of the Iguana iguana.
Smithsonian Contrib Zool 534:1-40

Ruby D (1981) Phenotypic correlates of male reproductive success
in the lizard Sceloporus jarrovi. In: Alexander RD, Tinkle DW
(eds) Natural selection and social behavior: recent research and
new theory. Chiron, New York, pp 96-107

Ruby D (1984) Male breeding success and differential access to
females in Anolis carolinensis. Herpetologica 40:272-280

Searcy WA (1982) The evolutionary effects of mate selection. Annu
Rev Ecol Syst 13:57-85

Searcy WA, Andersson M (1986) Sexual selection and the evolu-
tion of song. Annu Rev Ecol Syst 17:507-533

Stamps JA (1983) Sexual selection, sexual size dimorphism, and
territoriality. In: Huey RB, Pianka ER, Schoener TW (eds)
Lizard ecology: studies of a model organism. Harvard
University Press, Cambridge, pp 169-204

Stamps JA (1987a) Conspecifics as clues to territory quality: a
preference of juvenile lizards (4nolis aeneus) for previously used
territories. Am Nat 129:629-642

Stamps JA (1987b) The effect of familiarity with a neighborhood
on territory acquisition. Behav Ecol Sociobiol 21:273-277

Tokarz RR (1995) Mate choice in lizards: a review. Herpetol
Monogr 9:17-40

Trillmich KGK (1983) The mating system of the marine iguana
(Amblyrhynchus cristatus). Z Tierpsychol 63:141-172

Trivers RL (1976) Sexual selection and resource-accruing abilities
in Anolis garmani. Evolution 30:253-269

Van den Berghe EP, Wernerus F, Warner RR (1989) Female choice
and the mating cost of peripheral males. Anim Behav
38:875-884

Warner RR, Hoffman SG (1980) Population density and the eco-
nomics of territorial defense in a coral reef fish. Ecology
61:772-780

Communicated by P.J. Weatherhead



