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Systematic deviations in sex ratio may be adaptive in the face of the prevailing environmental or physiological cues experienced
by the mother; yet some theoretical and mechanistic hypotheses remain at odds and are rarely examined noninvasively under
natural conditions. Conventional interpretations of the Trivers and Willard (Trivers RL, Willard DE. 1973. Natural selection of
parental ability to vary the sex ratio of offspring. Science 179:90–92) hypothesis (TWH) predict that higher stress should be
associated with female-biased litters; yet, several mechanistic hypotheses predict the opposite. We tested the predictions of the
TWH and 2 stress-related mechanistic hypotheses in a free-living polygynandrous sciurid, Richardson’s ground squirrel, Urocitellus
richardsonii. We examined the relationship between litter sex ratio and indicators of maternal condition and investment. These
included litter size, juvenile mass at emergence, as well as maternal age, changes in maternal body mass, and maternal fecal
glucocorticoid (cortisol and corticosterone) levels during gestation, lactation, and post-weaning. Males born of small litters were
significantly heavier at emergence than males from larger litters, which were female biased, whereas females showed no signif-
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2003) and can orchestrate entire physiological systems, influ-
encing the secretion and activity of other hormones (Ketterson
et al. 1991).

Baseline glucocorticoid (or GC, cortisol, and corticoste-
rone) levels can provide an indication of individual state or
condition by quantifying the physiological effort to sustain
homeostatic balance in the face of social or environmental
perturbations (Palme et al. 2005). Stressors associated with
increases in baseline GC levels (such as overcrowding, re-
source limitation, or intraspecific competition) also match
the conditions predicted to lead to the adaptive manipulation
of offspring sex ratio (Cameron 2004). Furthermore, GCs
demonstrate marked inhibitory effects on reproductive phys-
iology and behavior, as well as parental investment (Wingfield
and Sapolsky 2003), providing a critical link between the con-
ditions favoring ASA and the physiological and behavioral
mechanism for accomplishing sex ratio manipulation. In-
deed, measures of social or environmental stress have been
linked to ASA (Pratt and Lisk 1989; Götz et al. 2008; Love and
Williams 2008; Ideta et al. 2009); however, the actual role of
GCs themselves in sex ratio manipulation remains poorly un-
derstood, particularly in free-living mammalian populations.

Among the proposed mechanisms for sex ratio manipula-
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Table 2). Cortisol and corticosterone levels showed a strong
positive correlation with each other for all 3 reproductive
periods (P , 0.010 for all; Table 2).



males born of small litters were heavier at emergence than
males from larger litters (Figure 1
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for iteroparous, polytocous species, where sex-differential
costs and potential reproductive pay-offs interact with off-
spring number and a dam’s future reproductive potential
(Williams 1979). Thus, the production of male-biased litters,
when in conjunction with a reduction in litter size, may still be
a conservative strategy for small poor condition mothers
(Myers 1978; McGinley 1984). Second, the shift in our general
understanding of the role of GCs and ‘‘stress’’ from one of
disease to one of ‘‘allostasis’’ and protective measures
(McEwen 1998) has important implications in how these types
of data are interpreted. For example, females nursing large
litters required the energy mobilization and behaviors neces-
sary to feed those litters (accompanied by high cortisol), but
did not gain less mass, or have higher GC levels during the
post-weaning period, demonstrating the transient effect of
this hormonal response. Thus, GC levels are not always indic-
ative of individual quality in an absolute sense but rather of
the mediation of environmental and physiological challenges
(Sterling and Eyer 1988). The fact that age and mass were not
related to GC levels supports this conclusion. Finally, the
ultimate adaptive function of sex ratio manipulation is not
necessarily exclusive of the mechanistic hypotheses. Our pre-
dictions were aimed at testing the narrow-sense TWH, where
condition plays the predominant role, but a number of pre-
dictions arise depending on a host of other variables
(Cockburn et al. 2002). Based on the social structure and life
history of Richardson’s ground squirrels, we propose an ulti-
mate explanation for how male-biased litters produced by
stressed mothers with high cortisol levels could prove adaptive.

The establishment and maintenance of matrilineal kin clus-
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