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* Certain categories of problems (such 
as agricultural) can only be solved in the 
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* There must be a new and more effec- 
tive system for rapid sharing of informa- 
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ty, whether it be profit-making or intellec- 
tually rewarding; and 

* The establishment of joint bilateral 
and multilateral commissions that would 
have broad mandates to examine devel- 
opment problems in which science and 
technology have a significant role and that 
also have bilateral or multilateral funding 
to enable them to support the search for 
solutions.* 

3) It could create a new institutional en- 
tity for the purpose of facilitating the ac- 
cess of developing countries to "over- 
developed" world scientific and tech- 
nological activities in universities, research 
institutes, government laboratories, and 
the private sector-a clearinghouse of 
sorts whose principal resource would be a 
knowledge of what is going on where in the 
United States and elsewhere and a capac- 
ity to translate the sometimes inchoate 
yearnings of our and LDC academics, en- 
trepreneurs, and government leaders into 
cooperative relationships for the definition 
of achievable goals. 
* The establishment of bilateral commissions in the 
last year without either planning for their content or 
providing funds for their operation comes close to 
being scandalous. 
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male (1). The adaptive significance of the 
integration of internal and external stimuli 
controlling reproduction, however, has 
been obscured because experimenters have 
traditionally used inbred laboratory spe- 
cies living under entirely artificial condi- 
tions. Although present-day reptiles can- 
not be considered to be more primitive 
than extant birds and mammals, their 
common ancestry and similarities make 
reptiles an important vertebrate class with 
which to investigate the social and environ- 
mental control of reproduction. Of the rep- 
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tiles, lizards are particularly well suited for 
psychobiological research. Many lizards 
are small, readily available, and easily 
cared for in the laboratory. In addition, 
many species retain their complete behav- 
ioral repertoire and complex social sys- 
tems in captivity. More important from a 
psychobiological point of view, however, is 
that there already exists good basic infor- 
mation regarding the behavior, physiology, 
and general ecology of a number of species 
of two lizard genera, Anolis and Sce- 
loporus. 

Here I will describe laboratory experi- 
ments, conducted under seminatural con- 
ditions, on the interaction of internal and 
external factors in the regulation of the re- 
productive cycle of the American chame- 
leon, Anolis carolinensis. The natural his- 
tory of this lizard has been extensively 
studied (2) and the behavior reported here 
is typical of free-living populations. The re- 
sults provide insights into the generality 
and adaptive value of these interactions 
which may prove to be of general appli- 
cation to other vertebrate species. 

Anolis carolinensis is a small temperate- 
zone lizard found throughout the south- 

tiles, lizards are particularly well suited for 
psychobiological research. Many lizards 
are small, readily available, and easily 
cared for in the laboratory. In addition, 
many species retain their complete behav- 
ioral repertoire and complex social sys- 
tems in captivity. More important from a 
psychobiological point of view, however, is 
that there already exists good basic infor- 
mation regarding the behavior, physiology, 
and general ecology of a number of species 
of two lizard genera, Anolis and Sce- 
loporus. 

Here I will describe laboratory experi- 
ments, conducted under seminatural con- 
ditions, on the interaction of internal and 
external factors in the regulation of the re- 
productive cycle of the American chame- 
leon, Anolis carolinensis. The natural his- 
tory of this lizard has been extensively 
studied (2) and the behavior reported here 
is typical of free-living populations. The re- 
sults provide insights into the generality 
and adaptive value of these interactions 
which may prove to be of general appli- 
cation to other vertebrate species. 

Anolis carolinensis is a small temperate- 
zone lizard found throughout the south- 

The author is a research zoologist in the Department 
of Zoology, University of Califomia, Berkeley 94720. 
His present address is the Museum of Comparative Zo- 
ology, Harvard University, Cambridge, Massachusetts . 
02138. 

1059 

The author is a research zoologist in the Department 
of Zoology, University of Califomia, Berkeley 94720. 
His present address is the Museum of Comparative Zo- 
ology, Harvard University, Cambridge, Massachusetts . 
02138. 

1059 



/ c 

/- ^ / ? -O/ 

/ 

^ 

</ / t5 - / / . . 
_ / O \ 

/' \ / \\ / 

- Breeding - > 

Reproductively I Testis Ovarian E al Refractory iReprod 
inactive growth growth y g y i period [inactive 

Winter [d emerge ise . 9 Territory Winter 
dormancy lterritoriclity emerge courtship declns dormoncy 

. ~~~~~~~~~ ~ ~ ~ ~I . . . f 
i , 

N ' D ' J I F I M ' A ' M ' J ' J ' A ' S ' ' 

Month 
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eastern United States (2). From late Sep- 
tember to late January both males and fe- 
males are reproductively inactive (see Fig. 
1) and cluster in groups beneath the bark 
of dead trees and under fallen logs and 
rocks. Beginning in late January the males 
emerge from this period of winter dor- 
mancy and establish breeding territories. 
Approximately 1 month later the females 
become active, and by May they are laying 
one shelled egg every 10 to 14 days. After 
the breeding season both males and fe- 
males enter a brief refractory period dur- 
ing which they are insensitive to environ- 
mental factors that are responsible for 
stimulating gonadal recrudescence in the 
spring. 

The environmental factors 
testicular activity in A. carol 
been extensively studied (3). 1 
and photoperiod act to cue diff 
of the annual testis cycle; temp 
trols primarily the regenerati 
spermatogenesis between la 
spring and photoperiod contr 
maintenance and eventual r 
late summer. 

The annual ovarian cycle o 
ensis may be divided into thre{ 
riods. (i) Previtellogenesis, I 
November to February, is chai 
inactive ovaries containing on 
small translucent, unyolked 
atrophic oviducts. (ii) Vitellol 

Testis deposition) begins in March; at this time a 
spermatozoo/ be 

developed single follicle begins to accumulate yolk 
epididymis and enlarges rapidly until it is ovulated at a 

spermatids/ diameter of about 8 mm by the end of 2 
spermatozoa weeks. During the ensuing breeding sea- 

son, a single follicle matures and is ovu- 
spermotids lated alternately between ovaries every 10 

to 14 days. Vitellogenesis ceases in late 

primary August and the yolking follicles already 
spermatocytes present in the ovary begin to degenerate 

rapidly. (iii) Regression, follicular atresia 
spermotogonia in which follicles undergoing atresia differ 

from normal follicles and from corpora lu- 

fully regressed tea in that they are highly vascularized, 
discolored (orange-yellow), flaccid, and 
mottled in appearance. These corpora at- 
retica are gradually absorbed and dis- 
appear completely from the ovary during 
October. Thus, although the phases of the 
annual ovarian cycle have been described, 

le of the lizard the respective roles of temperature, photo- 
period, and humidity in the regulation of 
the cycle are less well known (4, 5). 

controlling The interaction of environmental, be- 
linensis have havioral, and physiological events govern- 
remperature ing reproduction in A. carolinensis was 

'erent phases systematically examined in three series of 
)erature con- experiments. In the first series, the roles of 
ive phase of various stimulus factors associated with 
te fall and the male in the initiation of seasonal ova- 
)ls testicular rian activity in winter dormant females 
egression in were determined. In the second, some of 

the internal and external stimuli to which 
f A. carolin- the females are exposed during the normal 
e distinct pe- breeding season were identified and the 
lasting from manner in which they interact to control 
racterized by female sexual receptivity elucidated. In the 
ly uniformly third, the physiological control of the sex- 
follicles and ual refractory period following the breed- 

genesis (yolk ing season was investigated. 
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Control of Seasonal Ovarian 
Recrudescence 

All of the experiments on the role of the 
male in the control of seasonal ovarian 
recrudescence (OR) were conducted with 
newly captured reproductively inactive, 
winter dormant females, thereby providing 
an unchanging baseline measure of ovarian 
activity against which the effects of the 
various experimental manipulations were 
assessed (6). 

The purpose of the first experiment (7) 
was to determine (i) whether an unseasonal 
environment would stimulate OR in winter 
dormant females, (ii) whether the presence 
of conspecifics affected the rate of environ- 
mentally induced OR, and (iii) whether the 
sex and physiological state of these con- 
specifics were also important in stimulat- 
ing OR, To answer these questions, winter 
dormant females were exposed to the un- 
seasonal environmental regimen (6) either 
alone (female isolation), or in all-female 
groups (female group), isolated female- 
male pairs (female-male isolation), female- 
male groups (female-male group), or fe- 
male-castrated male groups (female-cas- 
trate male group). 

Although the unseasonal environmental 
regimen stimulated vitellogenesis in winter 
dormant females, the presence of other fe- 
males did not appear to be any more stim- 
ulatory than the environmental regimen 
alone (see Fig. 2). The presence of intact 
males, however, significantly increased the 
rate of environmentally induced OR. The 
presence of castrated males did not signifi- 
cantly increase the rate of OR in females. 

Only females housed with intact males 
laid shelled eggs. Females in all other 
groups laid unshelled eggs, an indication of 
subnormal gonadotropin secretion (4, 5). 

In an attempt to stimulate OR maxi- 
mally, a second experiment (8) was con- 
ducted in which males that had been pre- 
viously "environmentally induced" and 
thus were already sexually active were 
placed in a cage with winter dormant fe- 
males (see Fig. 3). Contrary to ex- 
pectations, however, fewer than half of the 
females were reproductively active at any 
one time. In addition, daily observations 
indicated striking differences between the 
groups in the degree of social stability and 
the predominant male behavior pattern 
(see below). 

When winter dormant males and fe- 
males were exposed to a stimulatory envi- 
ronmental regimen in the laboratory, there 
was an initial high level of aggressive be- 
havior between males and little or no 
courtship (see Fig. 4). By the end of the 
first week, however, there was a gradual 
change in both the nature and frequency of 
the predominant male behavior pattern; 
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this change coincided with a single male 
becoming dominant in the group. This 
transition was marked first by a shift from 
male-male aggression to assertion displays 
by the emerging dominant male. A general 
decline in the frequency of these displays 
and a simultaneous increase in male-fe- 
male courtship behavior followed (only the 
dominant male courts); the first mating 
usually occurred by the end of the second 
week. 

When females were exposed to sexually 
active males (see Fig. 3), there was a con- 
stant high level of male-male aggression 
for the entire 6 weeks. In addition, no male 
became dominant and no copulations oc- 
curred. In the few instances in which court- 
ship did occur, the courting pair was al- 
ways interrupted by aggressive males. In 
the castrated male group, neither male- 
male aggression nor courtship was ever ob- 
served. 

It was thus not clear from the results of 
this experiment whether the facilitation 
and inhibition of environmentally induced 
OR were due to the males' performance of 
a particular behavior pattern or attribut- 
able to a more general complex of male-re- 
lated stimuli. However, observations in- 
dicated that male courtship might facili- 
tate the environmental induction of ova- 
rian activity while aggression between 
males might inhibit environmentally in- 
duced OR. 

In a third experiment (8), winter dor- 
mant females were exposed to (i) male- 
male aggression for 6 weeks, (ii) male 
courtship for the first 3 weeks and then 
male-male aggression for another 3 weeks, 
or (iii) male-male aggression for 3 weeks 
and then male courtship for the remaining 
3 weeks. Since the pattern of ovarian activ- 
ity among females exposed predominantly 

to 4 to 5 weeks of courtship had already 
been established (see Fig. 3), this group 
was not included. 

As predicted, there was a low, unchang- 
ing level of ovarian development among fe- 
males exposed to male-male aggression for 
the entire 6-week period (see Fig. 5). Fe- 
males exposed to male-male aggression for 
the first 3 weeks showed a comparable low 
level of ovarian activity, but when the so- 
cial stimulus was changed to male court- 
ship there was a very rapid increase in ova- 
rian development. Finally, females initially 
exposed to male courtship exhibited an im- 
mediate and marked facilitation of OR, 
but upon reversal of the social stimulus 
ovarian activity declined. 

These experiments suggest that male 
courtship insures normal gonadotropin se- 
cretion, the absence of male courtship re- 
sults in subnormal gonadotropin secretion 
(as indicated by the laying of unshelled 
eggs), and the presence of male-male ag- 
gression inhibits or greatly reduces envi- 
ronmentally induced gonadotropin secre- 
tion (9). 

Further experiments in which females 
exposed to high and low amounts of male 
courtship exhibited significantly different 
rates of OR suggest that gonadotropin se- 
cretion is graded in accordance with the 
amount of male courtship to which the fe- 
male is exposed (8). 

Other experiments indicate that castra- 
tion abolishes male courtship behavior and 
consequently prevents male courtship fa- 
cilitation of environmentally induced OR 
(10). Androgen replacement therapy rein- 
states not only male courtship activity to 
preexisting levels but also courtship facili- 
tation of OR. 

Ritualized behavior patterns such as 
male courtship displays are integrated se- 
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, of complex motor patterns or acts. the physical extension of the dewlap. In mentally induced OR and in mate selection 
t was also of interest to determine other males, the color of the dewlap was in A. carolinensis is the ability of the male 
r it was necessary for the female to changed from red to blue by local in- to extend the dewlap. 
e the entire display of the male in jections of India ink. Several investigators have suggested 
)r courtship to have its effect. To in- The rate of environmentally induced that dewlap color serves as a species-isolat- 
;e this, experiments were conducted ovarian activity among females housed ing mechanism among sympatric anoles 
rmine the relative effectiveness of with blue-dewlapped males was not signifi- (13). Although the results discussed here 
t components of male courtship in cantly different from that among females would appear to contradict this, it should 
Ling environmentally induced OR housed with normal red-dewlapped males. be emphasized that A. carolinensis is allo- 
nate selection (11). Females housed with hyoidectomized patric in the United States, except in 
;ourtship display of A. carolinensis males exhibited a significantly lower rate southern Florida where it is sympatric with 
of a rhythmical up and down bob- of OR, which was comparable to that of fe- A. distichus, a small anole of similar body 

ovement of the body coordinated males exposed to castrated males. In mate size, microhabitat, and breeding season 
e exposure of the dewlap, a bright selection tests, receptive females did not (2). It is not known whether A. carolinensis 
) of skin beneath the chin (12). By respond sexually to the courtship of hyoi- evolved a red dewlap as a consequence of 
[ly removing the hyoid cartilage dectomized males but did respond to the interspecific interaction with other anoles 
tends the dewlap, males could be courtship of blue-dewlapped males. These in the West Indies, the origin of radiation 
d that performed all of the behavior experiments suggest that the critical factor of Anolis (14). It would certainly be of in- 
s associated with courtship except in both courtship facilitation of environ- terest to study the physiological and be- 

havioral effects of components of male 
courtship in A. carolinensis in its area of 

o Field Control 0 Courtship /Aggression Group sympatry in Florida and the West Indies. 
* Aggression /Courtship Group o Aggression Group In many species of seasonally breeding 
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telationship between maturation and ovulation of the ovarian follicle and sexual receptivity coincide with territory establishment and 
he breeding season in A. carolinensis. [After Crews (18)] the subsequent waning of male-male ag- 
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gression. The experiments described here 
suggest a function for differential emer- 
gence in temperate zone vertebrates which 
can be tested by field experimentation. 

Control of Female Sexual Receptivity 

When a female A. carolinensis is intro- 
duced into a cage containing a sexually ac- 
tive male, the male immediately challenges 
(12). If the female does not attempt to flee 
or hide, the male will begin to court by 
slowly advancing toward her, interrupting 
his approach to perform a series of court- 
ship displays typical of the species. A 
female that remains standing for the ad- 
vancing male will invariably arch her neck, 
enabling him to take a neck grip. The male 
then straddles the female, pushes his tail 
beneath hers so as to oppose their cloacal 
regions, and intromits one of two hemi- 
penes; the copulating pair remains im- 
mobile in this posture until separation. 

Noble and Greenberg (16) suggested 
that A. carolinensis was similar to birds 
and mammals (17) in that there exists a 
causal relationship between maturation of 
the ovarian follicle and sexual receptivity. 
However, their approach of ovariecto- 
mizing females and later implanting crys- 
talline hormones and noting changes 
in genital morphology and sexual behavior 
demonstrated only that sexual receptivity 
was dependent on the presence of the ova- 
ries. To investigate this question more di- 
rectly, female sexual receptivity in a stan- 
dard mating test was correlated with both 
the size of the largest ovarian follicle and 
the follicular cycle (18). Using this proce- 
dure, neither the reproductive condition 
nor the sexual receptivity of the female was 
known before testing. In three different 
groups of females tested in this manner, fe- 

Fig. 7. Cumulative per- 
centage of ovariecto- 
mized A. carolinensis 
sexually receptive to 
male courtship follow- 
ing daily injections of 
either estradiol ben- 
zoate, estrone benzo- 
ate, or progesterone. 
The number of ani- 
mals is shown next to 
each point. 
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males environmentally stimulated in either 
all-female or male-female groups and 
freshly captured breeding females, the 
same correlation was found (see Fig. 6). 
None of the females later found to be re- 
productively inactive was receptive to the 
courtship of the test male. Similarly, none 
of the females later found to be in their 
first follicular cycle but with small (< 3.5 
mm) yolking follicles was receptive. In 
contrast, all females with large pre- 
ovulatory follicles (> 6.0 mm), regardless 
of their follicular cycle, stood for the court- 
ing males. 

In every group not all of the females lat- 
er found to have follicles of between 3.5 
and 6.0 mm in diameter were receptive to 
the test male. This suggests that the transi- 
tion between nonreceptivity and receptivity 
occurs during this phase of follicular devel- 
opment. The exact point of the transition, 
however, varies from female to female, 
which may suggest individual differences in 
neural sensitivity to follicular secretions, 

different quantities of secretion, or differ- 
ent time courses in steroid uptake by neu- 
ral tissues. It is likely that estradiol is the 
major ovarian hormone involved in female 
sexual receptivity. Oviduct development in 
both ovariectomized and reproductively 
inactive lizards is stimulated by injection 
of estradiol (19) and is closely correlated 
with follicular maturation during recrudes- 
cence (5). Further, ovariectomized A. caro- 
linensis receiving daily injections of vary- 
ing amounts of estradiol benzoate, estrone 
benzoate, or progesterone dissolved in ses- 
ame oil were more responsive to the estra- 
diol benzoate [see Fig. 7; see also (20)]. 
Finally, experiments on the uptake of triti- 
ated estradiol-17/5 by brain and peripheral 
tissue of ovariectomized female A. 
carolinensis suggest that brain, oviduct, 
and fat body are sites of maximum estro- 
gen uptake (see Table 1). Dissection of the 
brain into forebrain, midbrain, and hind- 
brain regions indicates that the midbrain 
does not concentrate estradiol relative to 

Table 1. Concentration of ethyl acetate soluble radioactivity (counts per minute in tissue) relative to blood plasma (T/P) and gastrocnemius muscle (T/ 
M) in right fat body, oviducts, and brain tissues of ovariectomized A. carolinensis at five time intervals following intraperitoneal injection of 1 Mci of high 
specific activity [l,2,6,7-3H]estradiol- 17, in absolute alcohol vehicle (34). Abbreviations: N, number of animals; x, mean; S.E., standard error. 

Relative concentration 

30 minutes 60 minutes 90 minutes 120 minutes 240 minutes 
Tissue Ratio (N =6) (N = 6) (N = 6) (N = 7) (N =5) 

x S.E. x S.E. x S.E. x S.E. x S.E. 

Right fat body T/P 1.22 0.93 0.28 0.04 0.72 0.15 0.55 0.17 0.47 0.09 
T/M 16.54 7.95 13.74 4.17 14.72 4.03 6.75 1.11 5.31 1.33 

Oviduct T/P 0.51 0.18 0.76 0.31 0.93 0.22 1.79 0.68 2.84 0.65 
T/M 4.57 1.86 30.47 9.96 15.76 2.13 20.45 4.28 34.00 12.06 

Brain (whole) T/P 0.12 0.06 0.08 0.02 0.15 0.03 0.15 0.04 0.12 0.02 
T/M 1.72 0.47 3.45 1.02 2.75 0.64 2.06 0.48 1.27 0.37 

Forebrain T/P 0.12 0.07 0.06 0.01 0.18 0.04 0.11 0.04 0.10 0.02 
T/M 1.82 0.49 2.66 0.72 3.38 0.82 1.81 0.65 1.19 0.43 

Midbrain T/P 0.12 0.06 0.12 0.06 0.13 0.02 0.17 0.03 0.12 0.02 
T/M 1.75 0.48 4.27 1.39 2.48 0.54 2.25 0.50 1.30 0.38 

Hindbrain T/P 0.11 0.06 0.07 0.01 0.13 0.03 0.16 0.05 0.13 0.04 
T/M 1.60 0.45 3.42 0.95 2.39 0.55 2.01 0.30 1.31 0.30 

Muscle M/P 0.05 0.01 0.03 0.01 0.06 0.02 0.09 0.03 0.08 0.02 
Plasma P/M 25.98 6.61 51.56 15.76 20.37 2.95 16.85 3.59 13.51 3.99 
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other brain areas; these results, however, 
do not necessarily mean a lack of localized 
uptake by specific hypothalamic nuclei. 

These findings provide interesting impli- 
cations for our understanding of the breed- 
ing biology of A. carolinensis. Female A. 
carolinensis display the typical anoline 
pattern of reproduction (21). In contrast to 
most temperate lizards, which lay one or 
more clutches per season, A. carolinensis 
lay a single egg every 10 to 14 days for the 
duration of the breeding season. This pat- 
tern of ovarian activity is generated by the 
development and ovulation of a single ova- 
rian follicle alternately between ovaries. 
The close correlation between sexual re- 
ceptivity and stage of follicular maturation 
suggests that sexual receptivity is depen- 
dent on cyclic changes in the secretion pat- 
terns of gonadotropic and ovarian hor- 
mones during normal follicular devel- 
opment and is thus rhythmical in nature 
(see Fig. 6). Support for this hypothesis has 
been provided by several field investigators 
who report that autopsies of copulating fe- 
male anoles always reveal large, pre- 
ovulatory follicles (22). 

Females allowed to mate are no longer 
receptive to male courtship 24 hours after 
copulation, but are receptive several weeks 
later; this suggests that mating might serve 
to inhibit further sexual receptivity within 
each follicular cycle, but not later sexual 
receptivity during subsequent follicular cy- 
cles. 

Mating inhibition of female sexual re- 
ceptivity is apparently a widespread phe- 
nomenon: it occurs in insects, birds, and 
mammals (23). Although it has not been 
demonstrated experimentally in reptiles, 
Greenberg and Noble (24, pp. 401-402) 
observed that one female "mated on April 
13 but ran twice from the male during the 
same day and did not mate again until 
April 27." Similarly, in his field study of 
Anolis garmani, Trivers (25) found that fe- 
males which copulated undisturbed did not 
copulate again for at least a month. When 
copulation was experimentally interrupted, 
the female continued to be receptive until 
she achieved complete copulation. Hun- 
saker (26) suggested that stimuli arising 
from intromission terminate receptivity in 
lizards. He noted that reproductively in- 
active female Sceloporus (torquatus 
group) continued to be sexually receptive if 
the cloaca was covered with tape, thereby 
preventing intromission by the male. 

To investigate this phenomenon in rep- 
tiles, an experiment (27) was conducted to 
determine (i) whether mating inhibited fur- 
ther sexual receptivity within each follicu- 
lar cycle, (ii) how rapidly the transition 
from sexual receptivity to nonreceptivity 
occurred after successful copulation, and 
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(iii) the critical stimuli that are responsible 
for this inhibition. 

Sexually receptive female A. carolinen- 
sis were retested for sexual receptivity 24 
hours, 6 hours, 3 to 5 minutes, or less than 
1 minute after an uninterrupted mating or 
after normal courtship and mounting with- 
out copulation. A third group of females 
was exposed to hemipenectomized males, 
which could court and assume the normal 
copulation posture but were unable to in- 
tromit. 

While all the females that were just 
courted and mounted by the males re- 
mained receptive to male courtship, none 
of the females paired with intact males that 
completed copulation was sexually recep-- 
tive when retested 24 hours, 6 hours, or 3 
to 5 minutes later. Of the 12 females re- 
tested within 1 minute after separation 
from the male, 3 were still sexually recep- 
tive; in these three instances copulation 
was incomplete. All seven females tested 
with hemipenectomized males were sex- 
ually receptive 3 to 5 minutes later. 

Hemipenectomized males courted nor- 
mally but the duration of copulation was 
significantly longer than for unoperated 
males. Furthermore, many often failed to 
maintain cloacal contact throughout mat- 
ing despite their proper copulation posture, 
and they never initiated separation from 
the female. This suggests that sensory feed- 
back from the hemipenis during in- 
tromission or ejaculation plays a role in 
the maintenance and termination of copu- 
lation in the male lizard. 

Coition-induced inhibition of female 
sexual receptivity has a clear adaptive val- 
ue. Female A. carolinensis tend to mate 
with the male in whose territory they have 
their home ranges (28). In the natural habi- 
tat, mating usually occurs in exposed 
areas, such as on tree trunks, fences, and 
walls. The copulating pair is therefore par- 
ticularly vulnerable to predators, since 
they can be approached and touched with- 
out immediately separating. This is pre- 
sumably due to the male's inability to dis- 
engage himself rapidly from the female 
once intromission is achieved. In addition, 
copulation in this species is prolonged. 
During the breeding season, female A. car- 
olinensis undergo approximate 7-day peri- 
ods of sexual receptivity which are corre- 
lated with their cyclic pattern of ovarian 
activity (see Fig. 6). Inhibition of further 
sexual receptivity during each follicular 
cycle by mating could serve to minimize 
predation and increase the female's repro- 
ductive potential. Furthermore, the spe- 
cialized sperm storage ducts in the female 
(29) allow her to continue to lay fertile 
eggs for the entire breeding season even if 
the territorial male is no longer present. 

Control of the Refractory Period 

Female A. carolinensis are sexually re- 
fractory during the early portion of the re- 
gressive phase of the annual ovarian cycle. 
Environmental (social and climatic) stimu- 
li that promote rapid ovarian growth in 
winter and spring are generally ineffective 
in stimulating females in August and Sep- 
tember (30). Furthermore, females re- 
spond less rapidly to exogenous gonado- 
tropins during the fall than in winter and 
spring; refractoriness therefore may be due 
to changes in sensitivity to hormones. This 
close temporal relationship between the 
presence of the corpora atretica (CA) and 
the period of reduced sexual responsive- 
ness suggested that the CA play an impor- 
tant role in maintaining refractoriness. To 
test this, Licht and 1 (31) examined the cor- 
relation between the disappearance of the 
atretic follicles and the termination of re- 
fractoriness to environmental stimulation. 
Further endocrine studies, in which the CA 
or a normal follicle was removed and the 
female's resulting sensitivity to exogenous 
gonadotropins was noted, showed that the 
onset of sexual refractoriness in female A. 
carolinensis arises spontaneously, indepen- 
dent of external factors, and that the CA 
produces a substance which markedly re- 
duces ovarian sensitivity to environmental- 
ly induced gonadotropin secretion. 

Female A. carolinensis depend on lipid 
stores to compensate for the scarcity of 
food in late winter and early spring as well 
as for the biosynthesis of vitellogenic pro- 
tein by the liver in the spring (32). During 
the breeding season, females may produce 
as much as twice their own body weight in 
eggs (33); hence the prolongation of egg 
production or initiation of a second repro- 
ductive cycle in the fall by aberrant envi- 
ronmental factors (such as Indian sum- 
mer) would be disadvantageous. This sug- 
gests, then, that the inhibitory effect of the 
CA on ovarian sensitivity to hormones 
may serve as an adaptive mechanism by 
which the female's refractoriness to other- 
wise stimulatory influences would be in- 
sured. 

Conclusions 

These experiments indicate that al- 
though climatic factors stimulate seasonal 
ovarian recrudescence in winter dormant 
females, androgen-dependent male court- 
ship behavior strongly facilitates the stim- 
ulatory effects of the environment, while 
aggression between males inhibits the ini- 
tiation of ovarian activity; this modulation 
is a result of differential effects of the 
male's behavior patterns on gonadotropin 
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secretion in the female. Furthermore, the 
cue responsible for both the long-term 
physiological effects and short-term behav- 
ioral effects of male courtship is the exten- 
sion of the dewlap. During the breeding 
season, female sexual receptivity is re- 
stricted to a time immediately preceding 
the ovulation of each follicle and is depen- 
dent on cyclic hormonal conditions nor- 
mally arising during follicular maturation. 
If the female mates during this period, fur- 
ther sexual receptivity within that follicu- 
lar cycle is inhibited. Finally, there is evi- 
dence that the atretic follicle plays an im- 
portant role in maintaining the female's re- 
fractoriness to both internal and external 
factors that would otherwise stimulate in- 
appropriate ovarian growth during the fall. 
This is the first demonstration of the pos- 
sible physiological basis of sexual refrac- 
toriness. 

This investigation of the interaction of 
environmental, behavior, and hormonal 
factors controlling various phases of the 
reproductive cycle in the lizard A. caro- 
linensis demonstrates that principles origi- 
nally discovered in the laboratory with 
highly inbred species can be generalized to 
animals in the field and shown to have 
clear adaptive value in the animal's natural 
history. Thus, while the utilization of in- 
bred species contributes greatly to our un- 
derstanding of the factors affecting repro- 
duction, the integration of these factors 
can only be appreciated fully in an ecologi- 
cal context where the adaptive significance 
of such interactions becomes apparent. 
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