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Abstract

The green anole (Anolis carolinensis) is an excellent reptil-
ian model for studying reproductive behavior and the neural
and muscular morphology that supports it. This lizard has
been the subject of behavioral and ecological study for more
than 100 yr, and a rich literature exists on its natural history.
Both courtship and copulatory behaviors reveal sex and sea-
sonal differences, which allow for the study of mechanisms
regulating naturally occurring variation in performance at
multiple levels within a single animal model. Green anoles
are readily obtained due to their abundance in the wild; once
in the laboratory, they are easily maintained, bred, and
reared. Background on the natural history and husbandry of
this lizard is provided, and the authors’ research program on
the regulation of reproductive anatomy and behavior is re-
viewed. Discussion includes the similarities and differences
in the mechanisms mediating both structure and function
compared with more traditional animal models. This type of
comparative research will make it possible to identify the
fundamental principles governing reproductive biology,
thus advancing both basic and applied knowledge.

Key Words: Anolis; behavior; lizard; neurobiology; repro-
duction; reptile; sexual dimorphism; steroids

Introduction

Individuals within a species can express dramatic differ-
ences in behavioral function and, in parallel, the morphol-
ogy of the central and peripheral structures that support it.

For example, in diverse species—including fishes, amphib-
ians, reptiles, birds, and mammals—sex and/or seasonal dif-
ferences in reproductive morphology and behavior can be
pronounced, and such differences are frequently regulated
by gonadal steroids (see reviews in Cooke et al. 1998;

Emerson 2000; Rhen and Crews 2002). In general terms,
these hormones tend to act as follows: Early in develop-
ment, they permanently organize anatomy, which results in
the display of specific behaviors after sexual maturity; later
in adulthood, they transiently activate changes in structure
and function on a short-term (e.g., seasonal) basis (Arnold
and Breedlove 1985). However, dimorphisms in reproduc-
tive anatomy and behavior are not always regulated by ste-
roids, and even when they are, species differ in which
hormone is important, at what ages, and in which sex it acts
(Arnold 1997; Emerson 2000; Wade 1999). Comparative
research can help provide answers regarding why this vari-
ability might exist in clearly fundamental mechanisms such
as those regulating reproduction. Insights will come not
only from uncovering common mechanisms, but also from
considering differences across vertebrate systems as they
relate to factors such as the ecology and phylogenetic his-
tories of individual species.

Successful reproduction requires a suite of behaviors
that is performed using multiple neuromuscular systems, all
of which are controlled by higher centers in the brain that
coordinate the behaviors with appropriate external stimuli
(i.e., environmental and social conditions). To understand
the mechanisms controlling reproduction, a model species
ideally will allow experimentation at these behavioral, neu-
ral, and muscular levels. Many reptiles present just such an
opportunity. For example, in addition to often dramatic
courtship displays, male lizards and snakes have two bilat-
eral copulatory organs called hemipenes. Thus courtship
and copulatory behaviors, their underlying neuromuscular
systems, and associated higher brain centers may be inves-
tigated in the same species. In our laboratory, we have fo-
cused on the green anole (Anolis carolinensis) in an effort to
understand the mechanisms regulating sex and seasonal dif-
ferences in male courtship and copulatory behaviors and the
neural and muscular structures controlling them.

Green anoles are excellent reptilian models for investi-
gating the multiple components of the reproductive circuit
described above. Male courtship involves the use of highly
conspicuous headbobbing displays coupled with the exten-
sion of a bright red throat fan, called a dewlap. When court-
ship is successful, males copulate with receptive females by
intromitting one of their hemipenes. The neuromuscular
systems controlling dewlap use in courtship and hemipene
use in copulation, as well as the limbic brain regions in-
volved in reproduction, have been identified (see below).
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In the text below, we briefly discuss the general advan-
tages that many reptiles offer as laboratory models, give
background on the Anolis genus and the natural history for
A. carolinensis in particular, and detail our husbandry tech-
niques for laboratory maintenance. We then discuss male
and female reproductive behavior and associated neural and
muscular morphology, reviewing current knowledge about
sex and seasonal influences. We conclude by suggesting
future directions that should yield additional insight into
green anole reproductive function and, more generally, the
mechanisms that regulate nervous system structure and
function in vertebrates.

Reptiles as Laboratory Models

Reptiles offer numerous advantages for laboratory studies
of the relationship between structure and function and the
factors that influence it (reviewed in Crews and Gans 1992;
Greenberg et al. 1989). First, because of the ease of obtain-
ing many reptile species from the field, colonies may be
continuously replenished with wild stock to obtain field-
relevant laboratory results. This replenishment may not be
characteristic of animal models that have been bred in labo-
ratories for generations because individuals in such colonies
may become genetically distant (intentionally or otherwise)
from the wild stock from which they originated. Thus ex-
perimental results may not reflect how the wild stock would
have performed under the same conditions, and it may be
difficult to draw conclusions about naturally occurring traits
or mechanisms.

A second advantage of reptiles as models relates to their
remarkable variety of life histories, which can be utilized for
comparative study. For example, simply considering repro-
ductive traits, some reptiles are oviparous and some are
viviparous (even within the same genus, e.g., Sceloporus
lizards; Méndez-De La Cruz et al. 1998). Some reptiles
show genotypic sex determination in which the male is het-
erogametic (i.e., males possess two distinct sex chromo-
somes conventionally labeled X and Y, whereas females
possess two copies of the X chromosome, like mammals),
some in which the female is heterogametic (males are con-
ventionally designated ZZ, females ZW, like birds), and
some have no sex chromosomes. In this latter case, gonadal
sex is determined by the temperature experienced during
embryonic development (Bull 1980; Robert and Thompson
2001; Wibbels et al. 1994). Different combinations of these
traits may also be found among close relatives—within
families, genera, or even different populations of the same
species (reviewed in Viets et al. 1994).

A third important characteristic of reptiles is their com-
mon ancestry with birds. Reptiles and birds form a mono-
phyletic clade, from which no other extant species has
descended (Pough et al. 2001). This evolutionary lineage,
along with mammals, represents all extant amniotes (Pough
et al. 2001). Research using reptiles thus provides an evo-
lutionary perspective on the origin(s) and maintenance of
particular mechanisms.

A fourth advantage of studying reptiles stems from a
practical standpoint. Reptile maintenance in the laboratory
can be simple and cost effective without sacrificing eco-
logical relevance, an important consideration for generating
results with external validity (e.g., Miller 1994). In other
words, it is possible to create naturalistic habitats, perhaps
with greater ease than for many avian and mammalian mod-
els. This possibility provides an opportunity to study a full
range of activities, as would be seen in the field.

Description of Anolis

Anolis is one of the larger vertebrate genera, comprising
approximately 400 species recognized to date (Pough et al.
2001). Most of these species are native to Central and South
America and/or the Caribbean islands, although introduc-
tions and invasions have occurred elsewhere. The members
of this genus are insectivorous and typically quite small
(∼5 g, <100 mm snout to vent length, SVL1), although not
always (e.g., Anolis equestris can be >50 g and 200 mm
SVL). Anoles occupy a variety of habitats and climates
from grassland to forest, tropical, and temperate zones, fill-
ing niches ranging from primarily ground-dwelling to tree-
crown dwelling (e.g., Schwartz and Henderson 1991;
Williams 1969). They are perhaps best known for their dew-
laps, or extensible throat fans, used in communicative con-
texts (e.g., territorial or sexual encounters), which can vary
remarkably across species in color, size, and degree of sex-
ual dimorphism (Jenssen 1977; Schwartz and Henderson
1991; Williams and Rand 1977).

In contrast to all other members of the genus, A. caro-
linensis is native to North America, occurring throughout
the southeastern United States with introduced popula-
tions on the Hawaiian islands (Conant and Collins 1998;
McKeown 1996). The green anole is also by far the most
well-studied member of the genus, with studies dating well
before 100 yr ago (e.g., Monks 1881). From a multitude of
field and laboratory investigations into the demography,
ecology, and behavior of A. carolinensis, a fairly complete
picture of the natural history of this species exists. The
overview presented below is synthesized from the following
studies: Andrews (1985a,b); Crews (1980); Gordon (1956);
Greenberg and Noble (1944); Jenssen and Nunez (1998);
Jenssen et al. (1995, 1996, 2001); Lovern (2000); Michaud
(1990); Nunez et al. (1997); and Ruby (1984).

Adult males and females average 55 to 65 mm SVL and
45 to 55 mm SVL, respectively (population SVLs tend to
increase with northern latitude). Breeding occurs on a sea-
sonal basis roughly from April through July, when gonads
are fully recrudesced and levels of sex steroids and behavior
are maximal (“associated reproductive pattern,” Crews and

1Abbreviations used in this article: AmbIX/VIImv, AmbX, dewlap moto-
neurons; AMY, ventromedial nucleus of the amygdala; DHT, 5�-
dihydrotestosterone; E2, estradiol-17�; POA, preoptic area; RPM, retractor
penis magnus muscle; SVL, snout to vent length; TPN, transversus penis
muscle; UVB, ultraviolet B.
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Moore 1986). During the breeding season, males establish
large territories, which they defend vigorously against other
males, and these areas encompass multiple, smaller territo-
ries of females in an effort to maintain exclusive reproduc-
tive access. Each male territory overlaps those of
approximately three females; thus the social organization is
polygynous. The determining factor for the number of resi-
dent females in a male territory is body size; larger males
encompass more female territories than do smaller males,
many of which may be excluded from establishing a terri-
tory at all.

There is no evidence of direct female choice of males.
Rather, females appear to establish their territories (primar-
ily for availability of food and shelter), independent of male
location, and then mate with the male that successfully es-
tablishes an overlapping territory (e.g., “indirect female
choice,” Wiley and Poston 1996). However, females may
mate with more than one male if other males are present
(e.g., neighboring territorial males, or nonterritorial males
that have escaped detection by those with territories). Mat-
ing occurs over the course of the entire 4-mo breeding sea-
son, and females lay single-egg clutches at approximately
7- to 14-day intervals. After the eggs are buried in the
substrate in a damp and concealed location, there is no
additional parental care. Approximately 4 to 6 wk later,
depending on the temperature and moisture conditions, a
hatchling emerges and is immediately responsible for find-
ing food and shelter and for evading potential predators
(mainly birds). Hatchlings voraciously eat small insects and
other invertebrates to grow as quickly as possible and to
accumulate fat stores before the end of the summer, when
food will become scarce. Most of these hatchlings will be
reproductively active in the subsequent breeding season,
although the smaller males may have difficulty competing
for a territory.

During autumn and winter, green anoles (adults and
juveniles alike) are relatively inactive. They do not hiber-
nate but may spend days or weeks, sometimes clumped
together in large groups, in locations with protection from
the weather (e.g., in tree cavities, under fallen logs). On
warm days, they may bask in the sun. They eat infrequently
even if food is available. Because they are ectothermic, if
they eat and the temperature drops, they will be unable to
digest the food, which may then decay in their gastrointes-
tinal tract. Thus over winter, lizards rely on their slowed
metabolic activity and fat stores. Green anoles in the wild
typically live through one or two breeding seasons beyond
their summer of hatch, but they may live several years
longer in captivity.

Laboratory Maintenance of
A. carolinensis

Procurement

Green anoles can easily be obtained for the establishment of
a laboratory research program. The most convenient option

may be to purchase them from commercial suppliers (e.g.,
Charles Sullivan Co., Nashville, TN). Lizards are priced at
less than $5.00/individual but may not be readily available
year-round (e.g., they can be more difficult to find in the
winter). Commercial vendors collect individuals from the
field and ship them within days of capture. Alternatively,
researchers themselves can collect green anoles. Most states
have collection permits that can be renewed annually and
cost $50 to 100/year. This source may be much more cost
effective (although more time consuming), and it provides
certainty regarding the collection history of each individual
(i.e., where they were found and how they were handled).

Lizards can be captured by hand or by constructing a
noose made of monofilament line attached to the end of a
long pole (e.g., fishing rod). The noose can be slipped
slowly around the lizard’s head (they typically do not flee if
the collector is steady and patient), allowing one to remove
individuals from areas difficult to reach by hand. Lizards
should be handled by the body, not by the tail because it can
break off (autotomize) and allow the lizard to escape. The
sex of the individuals can be determined quite easily by
examining the postanal scales. Only males have two en-
larged scales just caudal to the cloaca (Figure 1).

At least two issues should be considered when one
purchases or collects green anoles for laboratory research.
First, researchers should ensure that individuals have come
from the same general collection area. Numerous popula-
tion differences in life history traits have been documented
that could confound results if a laboratory colony comprised
individuals from different locales. Population differences
exist in size at reproductive maturity, egg and hatchling
size, and growth rate (Michaud 1990; Michaud and Echter-
nacht 1995). Population differences also exist in the fine
temporal structure of the species-specific headbobbing
displays (Lovern et al. 1999), although it is not known
whether these differences lead to interpopulation behavioral
incompatibilities. Second, although A. carolinensis is the
only anole endemic to North America, numerous congeners
have been introduced and are now thriving, particularly in
Florida. It is generally not difficult to distinguish among
the different species; however, the recent establishment
of the Cuban green anole (Anolis porcatus) in southern
Florida (Meshaka et al. 1997) may be more problematic
because this anole is extremely similar to A. carolinensis
morphologically.

Housing Requirements

Green anoles can be housed in the laboratory under envi-
ronmental conditions that mimic breeding and nonbreeding
times of the year, resulting in the expression of all behaviors
observed in the field including territoriality, courtship, mat-
ing, egg-laying, and hatching. The main environmental fea-
tures important in regulating seasonality are photoperiod
and temperature (Licht 1967, 1971, 1973). Animals can be
maintained in reproductive condition in the laboratory by
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