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Abstract

Among the small group of species (e.g., some temperate
zone turtles, snakes, and bats) that exhibit a dissociated
reproductive pattern, the red-sided garter snake (Thamno-
phis sirtalis parietalis) is probably the most well studied.
For these species, courtship and mating occur immediately
upon emergence from winter dormancy; the gonads remain
essentially inactive. Male red-sided garter snakes are a par-
ticularly informative animal model for examining the role of
neuroendocrine factors associated with reproductive physi-
ology and behavior because unlike species that exhibit an
associated reproductive pattern, in which sex steroids initi-
ate and control sexual behavior, reproductive behavior in
the male garter snake appears to be independent of circu-
lating sex hormone control. In fact, the only factor associ-
ated with the initiation of courtship behavior and mating in
the male garter snake is an extended period of low tempera-
ture dormancy followed by exposure to warm temperatures.
Yet the presence of sex steroid-concentrating neurons
within the pathways regulating courtship and mating sug-
gests that sex hormones may be involved in the activation of
sexual behavior. Although circulating androgens are el-
evated upon emergence from hibernation, the initiation of
courtship behavior and mating appears to be independent of
direct androgen control. Thus steroid hormones may have
indirect effects on mating behavior in animals that display
“dissociated” reproductive behaviors.

Key Words: behavior; natural history; neuroendocrinology;
red-sided garter snake; reproductive physiology; Thamno-
phis sirtalis parietalis

Patterns of Reproduction

In the majority of seasonally breeding vertebrates, the ex-
pression of courtship behavior and mating is directly cor-
related with the activation and hypertrophy of the testes,

accompanied by release and elevation of circulating sex
steroid levels (Crews et al. 1984; Licht 1984). In species

that exhibit an “associated reproductive pattern” (Figure 1),
castration extinguishes sexual activity. Reimplantation of
the testes into the abdominal cavity or the administration of
exogenous sex steroids by injection or implantation directly
into the brain has been shown to extend the mating season
and will initiate sexual activity in noncourting animals
(Crews 1982). The initiation and maintenance of sexual
behavior in animals exhibiting an associated reproductive
pattern thus appears to be directly dependent on the pres-
ence and concentration of circulating sex steroids.

In contrast, a small number of vertebrate species includ-
ing some turtles, snakes, and bats have been shown to mate
at a time when their gonads are quiescent and circulating
levels of sex steroids were reported to be low (Garstka et al.
1982). This pattern of reproduction has been termed a “dis-
sociated reproductive pattern” (Crews 1976; Licht 1984;
Lofts 1977; Volsøe 1944; Figure 1). In species that exhibit
this reproductive pattern, castration does not extinguish sex-
ual activity. Unlike the effects of hormones on species ex-
hibiting associated reproduction, administration of
exogenous sex steroids or pituitary hormones or the implan-
tation of sex steroids directly into the brain does not initiate
courtship behavior and mating in noncourting individuals
(Camazine et al. 1980; Friedman and Crews 1985a). There-
fore it appears that control and regulation of sexual behavior
in species that exhibit a dissociated reproductive pattern are
independent of direct effects of steroid hormones.

The red-sided garter snake (Thamnophis sirtalis pari-
etalis) is the most well-studied species that exhibits a dis-
sociated reproductive pattern. Male red-sided garter snakes
emerge from winter dormancy and immediately exhibit in-
tense breeding activity that can last as long as 4 to 6 wk. At
emergence, the testes are completely regressed and do not
initiate recrudescence until the breeding season has ended
(Crews et al. 1984). Many studies have attempted to delin-
eate the ultimate and proximate cues that control and regu-
late courtship behavior and mating in the male red-sided
garter snake. Although it has now been demonstrated that
circulating androgen levels are elevated upon emergence
(Krohmer et al. 1987; Moore et al. 2000, 2001), initiation of
courtship behavior still appears to be independent of direct
hormonal regulation. After almost 30 yr of investigating
numerous aspects of red-sided garter snake reproduction,
researchers have linked the initiation of courtship behavior
and mating only to environmental factors (Aleksiuk and
Gregory 1974; Camazine et al. 1980). The initiation of sex-
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