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Abstract
Monogamous species are usually considered to be less likely to exhibit sex differences in behavior
or brain structure. Most previous studies examining sex differences in stress hormone responses
have used relatively sexually dimorphic species such as rats. We examined the stress hormone
responses of monogamous California mice (Peromyscus californicus) to resident-intruder tests.
We also tested males and females under different photoperiods, because photoperiod has been
shown to affect both aggression and stress hormone responses. Females, but not males showed a
significant increase in corticosterone levels immediately following a resident-intruder test. Males
but not females showed elevated corticosterone levels under short days. Females tested in
aggression tests also showed a significant increase in plasma oxytocin levels, but only when
housed in long days. This was consistent with our observation that females but not males had more
oxytocin positive cells in the paraventricular nucleus (PVN) when housed under long days. Our
data show that sex differences in glucocorticoid responses identified in other rodents are present in
a monogamous species.
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Introduction
Sex differences in physiological responses to stress are hypothesized to play an important
role in behavioral responses to stress. A substantial literature in domestic rats and some
mouse strains has documented that females have exaggerated glucocorticoid secretion in
response to stress compared to males and that this difference is mediated in part by ovarian
steroids (Critchlow et al. 1963; Akinci and Johnston 1993; Jones et al. 1998; Rivier 1999;
Weiser and Handa 2009). Intriguingly, two paradigms that are widely used to assess stress
responses in humans report exactly the opposite results. Both the Trier Social Stress Test
and cold pressor task (Dixon et al. 2004; Helfer and McCubbin 2008) induce larger cortisol
responses in males compared to females. Currently the discrepancy between rodent and
human studies is not understood. One strategy for resolving these differing results is to
investigate the mechanisms regulating stress hormone responses (e.g. Weiser & Handa
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2009). A complementary approach is to examine stress hormone responses under different
conditions. In general rodent studies examining sex differences in stress responses have been
conducted under standard laboratory conditions in species with similar social systems. The
environment and other social stimuli can have important effects on the regulation of
neuroendocrine systems, including the hypothalamic-pituitary-adrenal (HPA) axis.

Social conflict and aggressive interactions are known to activate the release of
glucocorticoids in a wide variety of species (Mendoza et al. 1979; Overli et al. 1999; Abbott
et al. 2003), including humans (Gerra et al. 2007). Aggressive behaviors themselves are also
tightly regulated, as these behaviors are energetically expensive and risky (Trainor and
Marler 2010). In many rodents aggressive behaviors are regulated by photoperiod, which is
a reliable predictor of environmental changes such as food availability and temperature
(Nelson et al. 1990). In every species that has been examined, both male (Garrett and
Campbell 1980; Jasnow et al. 2000; Caldwell and Albers 2004; Trainor et al. 2007; Trainor
et al. 2008) and female (Fleming et al. 1988; Scotti et al. 2007; Silva et al. 2010) aggressive
behaviors are increased in winter-like short days versus summer-like long days. Based on
findings from birds and rodents, it has been hypothesized that adrenal steroids may regulate
aggressive behaviors under short days (Soma et al. 2008). For example, adrenalectomy, but
not adrenal demedullation blocks melatonin induced increases in aggression of long day
housed male Siberian hamsters (Demas et al. 2004). It is less clear whether adrenal
hormones could mediate the effect of photoperiod on aggression in females (but see (Gutzler
et al. 2009). These data suggest that physiological stress responses to social conflict may be
affected by photoperiod.

The majority of studies examining sex differences in stress responses have been conducted
on domestic rats, a polygynous species in which males are larger than females. A relevant
question then is whether sex differences in stress hormone responses observed in rats
generalize to other species with different social systems. Prairie voles are socially
monogamous and less sexually dimorphic than rats (Carter et al. 1995). A previous study
examined the effect of single housing on corticosterone and oxytocin responses during
aggression (Grippo et al. 2007). Single housing potentiated corticosterone secretion in
females but not males, whereas single housing increased oxytocin in both males and
females. However, these hormone levels were not directly compared to untested animals so
it is difficult to determine whether these differences reflect long term or short term changes.
Still, these results suggest that sex differences in corticosterone responses may indeed be
present in species with monogamous social systems.

We examined hypothalamic, pituitary, and adrenal responses to resident-intruder aggression
tests in male and female California mice (Peromyscus californicus). California mice are
unique in that males and females form exclusive mating pairs (Ribble 1991). Male-female
pairs defend joint territories from both male and female intruders (Ribble and Salvioni
1990), which explains the relatively high aggression levels observed among females relative
to other rodent species (Davis and Marler 2003). Males and females were studied under both
long day (16L:8D) and short day (8L:16D) photoperiods. Previous studies in California mice
show that short days increase aggression in both males (Trainor et al. 2008; Trainor et al.
2009) and females (Silva et al. 2010). We compared plasma corticosterone and oxytocin
responses immediately following resident-intruder aggression tests with control animals, and
also measured oxytocin immunoreactivity in the paraventricular nucleus (PVN). We
examined oxytocin because this hormone is hypothesized to have a buffering effect on
glucocorticoids (Carter 1998; Neumann et al. 2000). Oxytocin is released peripherally
during stress, although this response appears to be more context specific than glucocorticoid
release (Gibbs 1984; Carter and Lightman 1987; Sanders et al. 1990), and there is growing
evidence the effects of oxytocin may be stronger females versus males (Insel and Hulihan
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1995; Young et al. 2001; Bales and Carter 2003; Goodson et al. 2009). Finally we used
immunohistochemistry to measure phosphorylation of extracellular signal-regulated kinase
(ERK) in the PVN as a marker of brain activity. Phosphorylation of ERK occurs rapidly,
making it an ideal marker for changes in brain activity associated with rapid changes
hormone secretion (Kwon et al. 2006). Using this integrative approach, we examined sex
differences in hormonal and hypothalamic responses to social conflict.

Materials and Methods
Adult male and female California mice were bred in our lab colony and randomly assigned
to be housed in long days (16L:8D) or short days (8L:16D) for 8 weeks. All testing
procedures were approved by the UC Davis Institutional Animal Care and Use Committee.
Animals were maintained in accordance with the recommendations of the National Institutes
of Health Guide for the Care and Use of Laboratory Animals. The aggression tests and
behavioral results have been described elsewhere (Trainor et al. 2009; Silva et al. submitted)
and will be briefly described here.

Behavior Testing and Tissue Processing
Each mouse was individually housed for 3 days and then tested in either a resident-intruder
test, aggression test or a control test in which the lid of the cage was removed and replaced
to simulate an aggression test. All females were lavaged on the day of testing and were only
used if in diestrus. All tests were conducted under dim red light 30 to 90 min after lights out
(1400 Pacific Standard Time). Tests were 7 min for males and 10 min for females (due to
lower aggression levels in females). All residents were tested with same-sex intruders that
were unfamiliar and group-housed. Immediately after the test, each mouse was anesthetized
with isoflurane and rapidly decapitated. The brain was rapidly removed and placed in 5%
acrolein in phosphate saline buffer (PBS). Brains were cryoprotected in 25% sucrose and
frozen at −40° C. Trunk blood was collected in heparinized tubes and centrifuged to collect
plasma.

To determine whether slightly shorter aggression tests (7 min) for males versus females (10
min) could have affected our results, we conducted examined corticosterone levels in males
tested in 10 min aggression tests. Six males were individually housed for 3 days under long
day photoperiods. Each male was tested in a 10 min aggression test with a group-housed
male intruder. Immediately after the aggression test each resident was anesthetized with
isoflurane and a retroorbital blood sample was collected. Plasma was isolated and frozen for
corticosterone assays.

Radioimmunoassay and Enzyme Immunoassay
Corticosterone was assayed using an I125 labeled radioimmunoassay kit (MP Biomedicals,
Solon, OH) that has been used previously with California mice (Glasper and DeVries 2004).
California mice have very high baseline corticosterone levels, so samples were diluted
1:2000. The sensitivity of this assay is 25 ng/mL. The intra-assay coefficient of variation
was 2.99%. Plasma oxytocin was assayed using an enzyme immunoassay kit (Assay
Designs, Ann Arbor, MI). When assay concentrations for serial dilutions of a California
mouse plasma pool were compared with standards, computed regression lines did not differ
in slope (P > 0.25). The sensitivity of this assay is 15.6 pg/mL. Plasma was diluted 1:2 for
analysis and the inter- and intra-assay coefficients of variation were 3.5% and 5.32%
respectively.
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Immunohistochemistry
Brains were sectioned at 40 μm for immunohistochemistry. Alternate sections of the
posterior PVN were stained with either pERK or OT corresponding to −0.82 and −0.94 in
the mouse brain atlas (Paxinos and Franklin 2002). This location has been described as the
lateral magnocellular PVN in California mice, with the caveat this region contains both
parvocellular and magnocellular neurons (de Jong et al. 2009). Staining for pERK was
conducted using the ABC method as previously described (Trainor et al. 2009). Sections
were incubated in 1% sodium borohydride in PBS and then blocked in 10% normal goat
serum and 0.3% hydrogen peroxide. Sections were incubated in rabbit anti-pERK (1:250,
Cell Signaling, Danvers, MA) antibody dissolved in 2% normal goat serum and 0.5% triton
X (TX) in PBS. Sections were washed in PBS and incubated in biotinylated goat anti-rabbit
antibody (1:500, Vector Laboratories, Burlingame, CA). Sections were then washed in PBS
and incubated in avidin-biotin complex (Vector Laboratories) and then washed again in
PBS. Sections were developed in nickel-enhanced diaminobenzidine for 2 min (Vector
Laboratories). Sections were mounted on slides, dehydrated and coverslipped with Permount
(Fisher, Pittsburgh, PA).

Oxytocin in the PVN was visualized using immunofluorescence. Sections were incubated in
1% sodium borohydride and then blocked in 10% normal donkey serum. Sections were then
incubated in mouse anti-OT (1:3000, Millipore, Billerica, MA) in 2% normal donkey serum
and 0.5 % TX in PBS overnight at 4° C. Sections were washed in PBS and then incubated in
DyLight 549 conjugated donkey anti-mouse antibody (1:500, Jackson Immunolabs, West
Grove, PA) in PBS TX for 2 h. Sections were washed in PBS, mounted, and coverslipped
with Vectashield (Vector Laboratories). For each mouse a control section was run in which
the primary antibody was omitted. None of these sections showed positive staining. In a
control experiment, sections of the PVN that were preincubated with oxytocin peptide
(Sigma, St. Louis, MO) showed no positive staining.

Image Analysis
Slides were analyzed using a Zeiss Axioimager equipped with an Axiocam MRC camera.
For all cell counts 2 images of the PVN were taken at approximately Bregma −0.82 and
−0.94 and saved as a tiff file. For pERK stained slides images of the posterior PVN were
taken under brightfield conditions. For OT stained slides a Zeiss 43HE filter (A:550 E:605)
was used to visualize fluorescently stained OT slides. The number of immunopositive cells
in each brain area was then counted in a box (0.18 × 0.23 mm) using Image J (NIH,
Bethesda, MD) by an observer unaware of treatment assignments. A constant threshold of
staining was set to determine positively stained cells, and the number of positive cells was
counted using the “analyze particles” function of Image J. For each mouse, the number of
cells was average across the 2 sections for statistical analyses. In the SON, there were few
OT positive cells, so cell counts were conducted by eye.

Statistical Analyses
For variables in which males and females were run together in the same assay
(corticosterone RIA, OT ELISA and immunohistochemistry), data were analyzed with three
way ANOVA testing for sex, photoperiod, and behavior testing. For pERK immunostaining
data, sections from males and females were run in separate assays, so these data were not
analyzed in a single statistical analysis. For pERK cell counts, males and females were
analyzed separately using two-way ANOVA testing for photoperiod and behavior testing.
Planned comparisons were used to compare control and aggression tested animals within
each sex and photoperiod combination. Spearman rank correlations were used to correlate
behavior with hormone and cell count data. Corticosterone values were log transformed for
analysis.
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Results
Plasma Corticosterone and Oxytocin Levels

Analyses of corticosterone in males and females showed an overall effect of aggression
testing (F1,50 = 8.15, p < 0.01) and a photoperiod × sex interaction (F1,50 = 4.49, p < 0.05).
A clear pattern emerged when males and females were analyzed separately using two-way
ANOVA including photoperiod and aggression testing as factors. In males corticosterone
was increased in short days (Fig. 1A; F1,29 = 4.63, p < 0.05) whereas aggression testing had
no effect. In contrast, females had increased corticosterone when tested in aggression tests
(Fig. 1A; F1,21 = 6.51, p < 0.05) whereas photoperiod had no effect. It is possible that the
slightly shorter tests used for males could have prevented us from detecting an increase in
corticosterone. To test this possibility we examined corticosterone levels in males tested in
10 min aggression tests and compared these values to males tested in 7 min aggression tests
and controls. There was no significant difference in corticosterone levels between control
males, males tested in 7 min aggression tests, or males tested in 10 min aggression tests
(Table 2, F1,18 = 0.79, p = 0.47). There was no significant difference in the total amount of
aggression observed between 7 min and 10 min aggression tests nor was there a difference
in the relative rate of aggression in each test (Table 2, all p’s > 0.1). These data indicate that
the lack of a corticosterone response in males can not be explained by the use of 7 min
aggression tests.

Analyses of peripheral OT levels detected a photoperiod × sex × behavior interaction (F1,59
= 4.75, p < 0.03). Planned comparisons showed that in long days, females tested in
aggression tests had significantly higher plasma oxytocin levels than controls (Fig. 1B).
There was no difference between control and aggression-tested females under short days,
and in males there were no significant differences between control and aggression-tested
individuals.

Corticosterone and OT levels were not correlated with aggressive behaviors in males or
females. Males were more aggressive than females, and males were significantly more
aggressive in short days (Table 1). Although females showed higher aggression levels in
short days this difference was not statistically significant.

Oxytocin and pERK Immunoreactivity in PVN
In the PVN, there was a significant photoperiod × sex interaction for the number of OT
immunopositive cells (Fig. 2F, 3A; F1,48 = 6.70, p = 0.01). When males and females were
analyzed in separate ANOVAs, a clear pattern emerged. Females housed in short days had
significantly fewer OT positive neurons versus females in long days (Fig. 3A, F1,24 = 5.0, p
< 0.05) whereas photoperiod did not have a significant effect on the number of OT positive
neurons in males (Fig. 3A; F1,24 = 1.8, p > 0.18). There were no significant differences in
the number of OT positive neurons in the SON (data not shown, all p’s > 0.2).

In the PVN, males had significantly more pERK positive cells when housed in short days
versus long days (Figs. 2A, 2B, 3B; F1,24 = 10.3, p < 0.01). In contrast, females had more
pERK positive cells when housed in long days compared to short days (Figs. 2C, 2D, 3B;
F1,24 = 4.48, p < 0.05). There were no effects of behavior testing or interaction on pERK
staining (all p’s > 0.1). There were no significant correlations between the number of pERK
cells with plasma corticosterone or oxytocin levels.

Discussion
Sex differences in neuroendocrine mechanisms are typically studied in species with
relatively large sex differences in size, morphology, and parental care (Ball and McCarthy
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2008). It is often assumed that monogamous species will have fewer sex differences in
neurobiological mechanisms of behavior. However in the monogamous California mouse,
we observed substantial sex differences in hormonal responses to social conflict and in how
the hypothalamus responds to photoperiod. In males, short days increased the number of
pERK cells in the PVN and also increased corticosterone levels. In contrast, females had
more pERK positive cells in the PVN under long days, as well as more oxytocin neurons.
The increased number of oxytocin neurons in the PVN was consistent with the surge in
plasma oxytocin seen only in long day females following aggression tests. In addition,
female residents responded to aggressive encounters with an increase in corticosterone
whereas male residents did not, similar to previous reports showing exaggerated
corticosterone responses to stress in female rodents (Critchlow et al. 1963; Weiser and
Handa 2009). Short days increases aggression in male and female California mice, the
neurobiological and hormonal mechanisms associated with these behaviors show important
sex differences.

Sex Differences in Corticosterone Responses to Photoperiod and Social Conflict
Female California mice had increased corticosterone levels when tested in an aggression
test, regardless of the photoperiod. In contrast, Davis & Marler (2003) observed no
difference in corticosterone between control and aggression-tested female California mice.
An important difference between the two studies is that we collected samples immediately
after testing whereas Davis & Marler collected samples 60 min after testing. Together, these
data suggest that female California mice have an increase in corticosterone during
aggressive interactions that returns to baseline within 1 hr. A previous study in prairie voles
also reported that females, but not males, increased corticosterone secretion 10 min after
resident-intruder tests (Grippo et al. 2007). Similarly, social instability tests (in which cage
mates were rotated, increasing aggressive interactions) increased corticosterone in females
but not males (Haller et al. 1998). These rodent studies are complemented by field studies on
African wild dogs and dwarf mongooses that demonstrated that dominant females had
higher cortisol levels than subordinates, whereas dominant and subordinate males had
similar cortisol levels (Creel et al. 1996). Overall, these studies in non-human animals
suggest that the HPA axis in females may be more sensitive to social conflict than males. In
this study we did not examine the hormonal or neuronal responses of intruders to aggressive
encounters. An additional consideration for our study is that all females tested were in
diestrus. Estrogens are known to regulate CRH transcription in the brain (Vamvakopoulos
and Chrousos 1993; Grino et al. 1995), so it is possible that hormonal responses to
aggression tests may differ during other stages of the estrous cycle. Ongoing experiments
are addressing these questions.

A second important sex difference in glucocorticoid secretion was seen in the effect of
photoperiod. As observed in other species of rodents, male California mice had increased
corticosterone levels in short days versus long days (Nelson et al. 1996; Ronchi et al. 1998;
Bilbo and Nelson 2003; Prendergast et al. 2007). In female California mice there was no
effect of photoperiod on corticosterone levels, in contrast to previous results in hamsters
which showed increased female basal and stress-induced cortisol levels in short days (Bilbo
and Nelson 2003). Previous studies examining the effect of photoperiod on glucocorticoid
levels in hamsters collected blood samples during the light (inactive) phase whereas our
samples were collected in the dark (active) phase. Glucocorticoid levels generally increase
towards the end of the inactive phase (Guillemin et al. 1959; Kalsbeek et al. 1996), so this
could be an important difference. However, in another study we observed that female
corticosterone levels are actually decreased in short days when samples are collected during
the light phase (Steinman, Crean & Trainor submitted). This suggests that circadian rhythms
in corticosterone can not explain the absence of an effect of photoperiod in females. An
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alterative possibility is that the unique breeding system of California mice may influence
corticosterone secretion in females. Siberian hamsters breed under long day summer
conditions. In contrast, in at least one population of California mice peak breeding activity
occurs during the rainy season from November to May (Ribble 1992). One possible reason
why short days do not increase corticosterone levels in female California mice is that
elevated corticosterone levels could interfere with reproduction, as exposure to high
glucocorticoid levels is known to limit placental and fetal growth (Seckl and Holmes 2007).

Sex Differences in Oxytocin Responses to Photoperiod and Social Conflict
In females, plasma OT levels were increased following social conflict under long days but
not short days. This finding is consistent with previous studies showing that OT plays an
important role in regulating social interactions in female rodents (Veenema and Neumann
2008). We also observed that females housed in long days had more OT positive neurons in
the PVN under long days versus short days, and aggression testing did not affect the number
of cells. These results suggest that increased production of OT in magnocellular neurons
under long days may contribute to a greater ability to release oxytocin via the posterior
pituitary during aggression tests. Oxytocin is released peripherally under a number of
stressful contexts including forced swim (Wotjak et al. 1998) and restraint (Lang et al.
1983). Interestingly, in rats maternal aggression tests induce peripheral OT release in the
intruders but not the lactating resident (Neumann et al. 2001). We observed somewhat
similar results in that short day female California mice did not show an increase in plasma
OT levels. This raises the question as to whether differences in oxytocin release, either
centrally or peripherally may mediate the effect of photoperiod on aggressive behavior in
females.

Although neuropeptides can be released peripherally, neuropeptides can be released within
the brain either from dendritic or axonal terminals (Ludwig and Pittman 2003). Thus, it is
possible that the increased number of OT neurons in long day females might affect the
activation of OT receptors within the brain. In rats, female intruders exposed to aggressive
residents showed increased release of OT within the PVN but not the lateral septum or
central nucleus of the amygdala (Bosch et al. 2004). Peripheral and central release of OT can
be either coordinated or independent depending on the context (Neumann et al. 1993). Thus,
it can not be assumed that our measurements of oxytocin in plasma accurately reflect central
release of oxytocin. Further study will be needed to determine whether the increased number
of OT positive cells in the PVN in long days affects OT function in the brain.

In males we did not observe any effect of photoperiod or behavior testing on plasma
oxytocin levels or the number of oxytocin positive cells in the PVN. This could indicate that
OT does not play an important role in regulating male aggression. Alternatively, OT could
have more subtle effects on aggression that could not be detected with our experimental
design. There is growing evidence that oxytocin has important effects on social recognition
(Insel and Fernald 2004). For example, male OT knockout mice showed a deficit in
remembering previously encountered males (Ferguson et al. 2000). This could have
important effect on aggressive behavior in a more naturalistic setting, as aggressive
encounters between individuals with adjacent territories are usually less intense than
encounters with unfamiliar individuals (Wilson 1975).

Sex Differences in Effects of Photoperiod on pERK Immunoreactivity
In the PVN, photoperiod affected the number of pERK positive cells, but this effect differed
between males and females. In males there were more pERK positive cells under short days
whereas for females there were more pERK positive cells under long days. These patterns of
expression did not correspond with sex differences in corticosterone or oxytocin secretion.
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However, it is possible that double labeling of pERK and either oxytocin or corticotropin
releasing hormone could identify separate populations of cells that correspond more closely
to patterns of hormone secretion.

In previous studies we observed different patterns of aggression induced pERK expression
in males (Trainor et al. 2010) and females (Silva et al. 2010). These studies also revealed
important sex differences in patterns of pERK expression following resident-intruder
aggression tests. In the bed nucleus of the stria terminalis, immunostaining and western
blotting experiments showed that pERK (but not total ERK) expression is elevated by
aggression testing but only under short days. A similar pattern was observed in the medial
amygdala of males, although western blotting showed that pERK expression was elevated in
both control and aggression tested short day males. Females showed a much different
pattern. In the BNST and MEA, pERK expression was elevated by aggression testing,
regardless of photoperiod. For males then, there is a consistent upregulation of pERK
expression in short days across several brain areas, most notably the MEA and PVN. This
pattern is generally consistent with elevated corticosterone in short day males. In contrast
pERK in the BNST and MEA is aggression induced in females, which is generally
consistent with elevated corticosterone in aggression tested females. Future studies will be
needed to determine whether these sex differences in pERK expression have an effect on
corticosterone expression or whether corticosterone in turn alters pERK expression.

Conclusions
Most previous studies examining sex differences in glucocorticoid responses to stress in
rodents have utilized sexually dimorphic species, raising the question of whether these
differences persist in species with different social systems. We observed in the monogamous
California mouse that females show elevated glucocorticoid responses during aggression
tests whereas males do not. Females also did not show an increase in corticosterone in short
days, unlike other photoperiod sensitive rodents that have been studied. A major question for
future study is whether these differences in glucocorticoid responses have long term
consequences for behavior. For example glucocorticoid responses could have important
consequences in determining whether an individual wins or loses aggressive encounters in
the future (Earley and Hsu 2008). Our findings suggest that there could be important
differences in the form and function of how males and females respond behaviorally to
winning experiences.
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Figure 1.
Plasma corticosterone (A) and oxytocin (B) levels measured by radioimmunoassay and
enzyme immunoassay respectively. For males, corticosterone levels were increased in short
days whereas in females aggression testing increased corticosterone levels. In females
oxytocin levels were increased by aggression testing under long days but not short days. * p
< 0.05 planned comparison between control and aggression, † p< 0.05 effect of photoperiod
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Figure 2.
Photomicrographs of pERK and oxytocin in California mice. Male California mice had more
pERK positive cells in short days (B) compared to long days (A). In contrast, females had
more pERK positive cells in long days (C) than short days (D). Representation of the
quantification areas used for microscopic analyses (E, Reproduced from Paxinos & Franklin
2002 with permission from Academic Press). Oxytocin positive cells were counted in the
PVN (F). Scale bars = 200 μm.
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Figure 3.
Cell counts of oxytocin (A) and pERK (B) immunopositive cells in the PVN. Females had
more oxytocin immunoreactive cells under long days compared to short days. No
differences in the number of oxytocin positive cells were detected in the parvocellular region
or in males. Males had more pERK positive cells when housed under short days whereas
females had more pERK positive cells when housed under long days. † p< 0.05 effect of
photoperiod
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Table 1

Aggressive behavior in male (7 min test) and female (10 min test) California mice from Trainor et al. (2010)
and Silva et al. (2010)

Bites (freq) Attack Latency (s)

Long days Short days Long days Short days

Male 4.9±0.8 13.8±2.9* 177±46 90±45*

Female 1.2±0.6 2.4±0.9 433±70 360±82
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