








because of a dramatic sex difference in growth
that is primarily restricted to the mating
season (Fig. 2). In the following sections, we
illustrate how these ontogenetic data have
informed subsequent experimental tests of the
proximate developmental mechanisms medi-
ating growth divergence and SSD in each
species.

Male Growth and Reproductive Investment

The association between sexual growth
divergence and the onset of the first mating
season for yearlingS. virgatus males suggests
that their growth may be energetically con-
strained by reproductive investment. During
the mating season,S. virgatus males have
longer daily activity periods, engage in more
aggressive interactions, move greater dis-
tances, and maintain larger home ranges than
females (Merker and Nagy, 1984; Rose, 1981;
Smith, 1985; Vinegar, 1975a). This incurs
costs in the form of increased metabolic
expenditure and decreased energy acquisition
(Merker and Nagy, 1984; Weiss, 2001), such
that yearling males decline in body condition
during the mating season (Fig. 4). By contrast,
yearling females maintain isometry between
mass and length, which indicates that a decline
in body condition is not obligated by environ-
mental conditions such as food availability.
We interpret this as evidence for a sex
difference in energetic costs experienced
during the mating season. Further, change in
body condition is positively correlated with
growth rate in yearling males ofS. virgatus,
suggesting that individuals that incur greater
energetic costs also grow more slowly.

In contrast to S. virgatus, body condition
does not decline during the mating season in
yearling males ofS. jarrovii (Fig. 4b). This
result suggests that yearling males ofS.
jarrovii do not experience a comparable
energetic trade-off during the mating season,
but the reasons for this difference are unclear.
Yearling males of S. virgatus may invest
a relatively larger fraction of their time and
energy budgets into reproduction, or the
environmental potential for an energetic
trade-off with growth may be greater forS.
virgatus in the spring (when prey densities are
low) than for S. jarrovii in the fall (following
peaks in prey density driven by summer

monsoons) (Smith, 1996; Smith and Ballinger,
1994).

Maturational changes in the behavior,
growth, and energy allocation of males are
mediated by increases in circulating testoster-
one, which peaks during the mating season in
yearling males of each species (Cox and John-
Alder, 2005). If testosterone and its associated
energetic costs influence the growth of males
and the development of SSD (see Cox et al.,
2005), then the ontogenesis of sexual growth
divergence predicts that these species should
differ in their response to testosterone ma-
nipulation at this developmental stage (John-
Alder and Cox, 2007). Experimental manip-
ulations have verified this prediction: castra-
tion promotes and testosterone inhibits
growth in yearling males ofS. virgatus, while
castration inhibits and testosterone restores
growth in yearling males ofS. jarrovii (Abell,
1998; Cox and John-Alder, 2005; John-Alder
and Cox, 2007). The inhibitory effect of
testosterone on growth inS. virgatus is similar
to that observed inS. undulatus, a congener
with female-larger SSD. In this species,
testosterone increases daily activity period,
movement, and home-range area (Cox et al.,
2005), all factors that the present study
identifies as potential causes of SSD inS.
virgatus. Although testosterone has similar
effects on the time and energy budgets ofS.
jarrovii males (Marler and Moore, 1989;
Marler et al., 1995), testosterone does not
inhibit growth in this species (Cox and John-
Alder, 2005). While the underlying reasons for
this difference between species are unclear, it
is noteworthy that both our experimental
testosterone manipulations and our descrip-
tions of growth and body condition during the
breeding season converge on the inference
that species differences in energetic costs of
testosterone and associated reproductive in-
vestment may help explain the diversity of
SSD in Sceloporus.

Energetic constraints on the growth of
males likely influence SSD in other vertebrate
taxa, particularly those in which growth
continues into adulthood and reproductive
investment entails a substantial energetic cost
for males. Female-larger SSD develops in
Eleutherodactylus coqui frogs because males
stop growing upon maturation, coincident
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