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Female Control of Male Reproductive Function in a

Mexican Snake

Abstract. Male Thamnophis melanogaster court immediately when exposed to
estrogen-treated, attractive females and continue courting for 6 to 8 days. Males
exposed to estrogen-treated females will court both intact and ovariectomized
females. These males undergo a period of testicular recrudescence, whereas males
exposed only to ovariectomized females do not. Sexual attractivity can be induced in
female T. melanogaster without estrogen treatment by heavy feeding, which results
in significant increases in liver size and activity.

The semiaquatic garter snake Tham-
nophis melanogaster is active through-
out the year at Lago de Cuitzeo, Michoa-
can, Mexico (/). Several brief, synchro-
nous breeding periods can occur each
year, and the timing of these periods may
vary within and between years. We re-
port that female T. melanogaster, treat-
ed with estrogen, elicited a period of
sexual activity in males both in the field
and the laboratory. This period of sexual
activity lasts 6 to 8 days, with males
becoming less discriminatory and court-
ing ovariectomized and intact untreated
females as well as estrogen-treated fe-
males. Measures of testicular activity
increased after sexual activity ceased in
males exposed to estrogen-treated fe-
males both in the field and the lab-
oratory. Female sexual attractivity in-
creased after extensive feeding. The re-
sults indicate that (i) female T. melano-
gaster initiate the breeding periods and
in turn stimulate testicular activity in
males, and (ii) female T. melanogaster
can become attractive and initiate the
onset of a breeding period in response to
nutritional condition.

Perception of a pheromone present on
the skin of attractive female Thamnophis
is necessary to elicit courtship behavior
from male conspecifics (2, 3). This at-
tractiveness pheromone is synthesized in
the liver and is chemically related to
vitellogenin, the circulating precursor of
yolk (3). Sexual attractivity can be in-
duced in female Thamnophis by treating
them with exogenous estrogen (4-7),
which stimulates the liver. Conversely,
ovariectomy renders female Thamnophis
unattractive (4).

Ten males, maintained in isolation
cages, were offered two females daily in
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behavioral tests (7). Ovariectomized fe-
males were offered for the first 5 days,
and no courtship activity was observed.
Beginning on day 6, estrogen-treated in-
tact females (5-7) were offered and were
immediately courted. After day 13 no
additional courtship activity was ob-
served even though estrogen-treated fe-
males were changed every 5 days. How-
ever, ovariectomized females, when of-
fered to males in daily alternation with
estrogen-treated females, were courted
after day 3, although not to the extent
that estrogen-treated females were. We
thus hypothesized that breeding periods
could be initiated in nature by some
females becoming attractive in a cyclic
fashion. Males exposed to those females
would then court other females, and a
synchronous breeding period could re-
sult.

At Lago de Cuitzeo, two adjacent pop-
ulations of approximately 300 snakes
each were monitored for 7 days; no
sexual activity was observed in either
population. Twenty percent of the adult
females of the test population (N = 28)
were collected, marked, treated with es-
tradiol (5-7), and released. After 1 hour
and 15 minutes, three males were ob-
served courting a treated female. Sexual
activity continued for 7 days in the test
population; no sexual activity was ob-
served in the control population. Males
collected after courtship activity had
ceased were more reproductively active
than males collected before the breeding
period, as judged by measures of testicu-
lar activity (Table 1). In the laboratory,
groups of males, killed at intervals dur-
ing a period of controlled daily exposure
to estrogen-treated females, showed in-
creases in serum androgens and spermio-
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Table 1. Response of male T. melanogaster to the presence of estrogen-treated conspecifics.
Five males were collected immediately before the release of 28 estrogen-treated intact females
into a natural population of 300 snakes (before exposure). Males were collected while courting
or copulating (sexually active) and on day 8, when sexual activity in the population had ceased
{five snakes per sample). All snakes were killed by Nembutal overdose within 1 hour of capture
and weighed and measured; blood was collected from the heart. The animals were then fixed in
10 percent neutral buffered Formalin. Males in all groups had similar body length (average, 54.6
+ 1.3 cm; N = 15) and body weight (average, 100.5 + 7.3 g; N = 15). Serum androgens were
assayed by specific radioimmunoassay (/0). Relative testes weight of males exposed to
estrogen-treated females increased, but not significantly. Both seminiferous tubule diameter
and serum androgens increased significantly in the exposed groups [F(2,12) = 14.44, P < 001,
and F(2,12) = 5.73, P < .025, respectively). Spermiogenesis was graded on a scale from few to

many transforming sperm.

Testes Seminiferous
Treatment weight tubule Sderum S ' .
(J%r (’:ul;) (percent of diamenter arE r(/)r%ﬁ)n § PErmIOEenesis
body weight) (m) Pg
Before exposure 0.69 = 0.08 161.1 = 12.7 889 + 123 Few to many
Sexually active 1.03 = 0.16 248.4 + 149 3143 + 585 Many
Sexually inactive 0.86 = 0.07 282.4 + 20.7 3818 = 935 Many

genic activity after sexual behavior
ceased (Fig. 1).

Female T. melanogaster can initiate a
breeding period and alter the reproduc-
tive state of males. Because of the strong
connection between nutritional status
and reproduction (8), we maintained
three groups (N = 4 per group) of fe-
males on different dietary regimens in
the laboratory (9). Only well-fed females
became sexually attractive, but there
was no statistically significant change in
ovarian weight between the three groups.
Relative liver weight of well-fed females
was nearly twice that of the starved
group (well fed, 3.9 = 0.4 percent of
body weight; low fed, 2.2 +0.2
percent; starved, 2.2 = 0.1 percent;
F(2,9) = 12.74, P < .005). Further, se-
rum calcium (/0) was highest in the
well-fed group (well fed, 17.0 £ 0.4
mg per decaliter of serum; low fed,
15.4 = 1.4 mg; starved, 12.7 = 1.1 mg;
F(2,9) = 4.33, P < .05). Liver size and
serum calcium in female 7. melanogas-
ter are both increased by estrogen treat-
ment (17). However, serum estradiol of
well-fed females was low (well fed,
10 = 1 pg per milliliter of serum; low
fed, 507 = 99 pg; starved, 512 = 68 pg;
F(2,9) = 17.4, P < .001). These findings
suggest that feeding may promote estro-
gen binding to the liver (/2). The disap-
pearance of estradiol from the circula-
tion of well-fed females may reflect in-
creased binding. Thus, the liver may be
stimulated to produce vitellogenin (that
is, pheromone) in well-fed females with-
out increasing steroid synthesis.

The introduction of ovariectomized fe-
male rhesus monkeys, which had been
continually treated with estrogen, into a
feral troop was shown to accelerate the
normal breeding season by 1 month (/3).
Serum testosterone concentrations in-
creased in male rhesus monkeys (14),
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wallabies (Macropus eugenii) (15), and
ringdoves (16) that were exposed to sex-
ually mature intact females. Chronically
estrogen-treated female sparrows can
prolong the breeding season and raise
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Fig. 1. Reproductive state of male 7. melano-
gaster in the laboratory was altered by expo-
sure to attractive females. Males were offered
two estrogen-treated intact females daily for 2
minutes each, and behavior towards the fe-
males was scored (I¢). Pairs of stimulus fe-
males were changed every 5 days. Groups of
five males each were killed on days 1, 5, 8,
and 11; on day 13, ten males were killed.
Males were sexually active through day 6. A
control group (N = 5) was exposed to ovari-
ectomized females in a similar testing regi-
men, and these were killed on day 5; none
were sexually active. Males did not differ
significantly in body length (average,
499 + 1,1 cm) or body weight (average,
68.6 = 4.8 g) between groups. Serum andro-
gens increased tenfold [F(4,25) = 9.80,
P < 001] after the courtship period. Relative
testes weight increased but not significantly
[F(4,25) = 1.99, P > .10]. Spermiogenic ac-
tivity was greatest in the groups killed on days
8 and 11.

serum testosterone in males (/7). How-
ever, our data show that female 7. me-
lanogaster can elicit male reproductive
behavior and alter male reproductive
state after sexual activity has ceased.
Furthermore, nutritional status of the
female, communicated by a pheromonal
cue, appears to be the proximate factor
driving the reproductive cycle in this
species and may also explain the vari-
ability in timing of breeding periods in
nature of this snake as well as many
tropical and subtropical animal species.
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