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Hormonal Changes During the Mating and Conception
Seasons of Wild Northern Muriquis (Brachyteles
arachnoides hypoxanthus)
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We investigated hormonal and behavioral changes in wild male and
female northern muriquis (Brachyteles arachnoides hypoxanthus) at the
Estação Biológica de Caratinga, Minas Gerais, Brazil, during a 6-mo
period that encompassed the onset of the 1998–1999 mating and
conception seasons. Individual females resumed mating with the
resumption of ovarian cycling, which was not synchronized among them
or related to their cortisol levels. Females experienced two to seven cycles
prior to conceiving, and the first conception occurred 2 mo after the onset
of the group’s mating season. There were no differences in female cortisol
levels across their premating, mating, and conception conditions. Cortisol
levels were significantly higher in females than in males prior to the
conception season, consistent with the prediction that energy reserves
may be associated with breeding readiness in females, but not males, in
this species. The sustained elevation in male cortisol occurred after the
peak in their sexual activity, which resulted in the first conception of the
year. Male cortisol levels were positively correlated between years that
were similar in rainfall, but differed in the timing of sexual and
reproductive events. The timing of cortisol elevations in males appears
to be generally regulated by environmental cues, but is responsive to fine-
tuning by social and behavioral cues related to the unpredictable timing
of reproductive opportunities within their extended mating season.
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INTRODUCTION

Seasonal reproductive activity is characteristic of many nonhuman primate
species [Bronson, 1989; Lindburg, 1987]. In some seasonal breeders, the mating
and conception seasons are effectively the same, whereas in others, conceptions
are confined to a much shorter season than the period during which mating
occurs. Breeding readiness, or the preconditioning needed to ensure full
reproductive capability, is highly variable across species and between males and
females of the same species. However, whether this variation reflects the degree
to which mating and conception seasons coincide is not known.

In primates with a high temporal overlap in mating and conception seasons,
male hormonal changes associated with breeding readiness often precede the
resumption of ovarian cycing and behavioral estrus in females. For example, in
captive male squirrel monkeys, cortisol elevations and increases in body mass
typically occur about 1 mo prior to testosterone elevations and the resumption of
ovarian cycling in females [Wiebe et al., 1988; Schiml et al., 1996, 1999]. Male
rhesus macaques also exhibit prebreeding season elevations in body mass and
cortisol [Bercovitch, 1992], and in gray mouse lemurs, male cortisol elevations
and increases in testicular size occur 4–6 weeks earlier than the onset of female
estrus [Genin & Perret, 2000; Perret & Aujard, 2001]. In these species,
prebreeding-season gains in male body mass and cortisol levels have been
attributed to physiological preparations in anticipation of reduced food intake
during their temporally restricted mating and conception seasons [Bercovitch,
1992; Perret & Aujard, 2001].

Similar hormonal changes may also be associated with the onset of the
conception season in species that mate over longer periods, as well as with rank-
related differences in male behavior in species in which the mating and
conception seasons coincide. In tufted capuchin monkeys, for example, mating
occurs throughout the year, but male cortisol (and testosterone) levels only rise
and remain elevated at the onset of the 1–2-mo conception season, when patterns
of female behavioral estrus also change [Lynch et al., 2002]. In Japanese
macaques, males do not exhibit prebreeding season elevations in cortisol, but
during the mating and conception season, high-ranking males have significantly
higher cortisol levels and engage in more energy-costly mate guarding than low-
ranking males, whose cortisol levels are positively related to their mating
frequencies [Barrett et al., 2001].

In contrast to males, elevations in female cortisol levels during the restricted
mating and conception seasons of certain species, such as squirrel monkeys [Schiml
et al., 1996, 1999] and ring-tailed lemurs [Cavigelli, 1999], have been attributed to
the effects of ovarian cycling and pregnancy. Social and behavioral cues that
mediate female cortisol levels in nonseasonal breeders (e.g., black tufted-ear
marmosets [Smith & French, 1997] and common marmosets [Saltzman et al., 1998])
can also result in rank-related differences in female cortisol levels among seasonal
breeders, such as ring-tailed lemurs [Cavigelli, 1999; Cavigelli et al., 2003].

Cavigelli et al. [2003] hypothesized that in addition to behavioral differences,
the higher glucocorticoid levels of high-ranking ring-tailed lemurs might reflect
dietary differences that affect their ability to maintain greater fat stores than
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low-ranking females in the wild. Similar relationships between the effects of
energy reserves on female reproduction have been suggested for other seasonal
breeders (e.g., wild sifaka, in which heavier females are more likely to reproduce
than lighter females [Richard et al., 2000]) and for species with longer, less
predictable cycling-to-conception delays (e.g., Hanuman langurs, in which
females in visibly good physical condition conceive faster than females in poor
condition [Koenig et al., 1997]). Bercovitch [1987] found that, independent of
rank, the body weights of cycling olive baboon females were negatively correlated
with the number of months to conception. This indicates that energy reserves
may be as important in baboons and other species that experience relatively long
or unpredictable cycling-to-conception delays as they are in more strongly
seasonal breeders that respond predictably to environmental cues and typically
conceive within one to two cycles.

We investigated hormonal and behavioral changes in wild male and female
northern muriquis (Brachyteles arachnoides hypoxanthus) over the same
6-mo study period, from August 1998 through January 1999, to evaluate their
responses to social and environmental cues during transitions between their
seasonal nonmating, mating-only, and conception conditions. In northern
muriquis, the annual conception season is concentrated within a longer mating
season, and female cycling-to-conception delays are highly variable. Previous
studies on muriquis have shown that the resumption of female ovarian cycling
coincides with the resumption of mating [Strier & Ziegler, 1994, 1997; Ziegler
et al., 1997], and that sustained elevations in male cortisol are delayed relative to
the onset of the annual mating season and individual males’ sexual activity
[Strier et al., 1999]. Here, we examine whether female cortisol levels fluctuate
with season or their reproductive condition, and whether the timing of male
cortisol elevations is associated with environmental cues or behavioral changes
related to the onset of the conception season.

We expected that female muriqui cortisol levels would rise with the
resumption of ovarian cycling and conception, as in other seasonally-breeding
primates, and that as a consequence, female cortisol profiles would differ from
those of males under the same environmental conditions. In addition, if relatively
long, unpredictable cycling-to-conception delays of female muriquis result in high
energy demands during their extended mating season, their cortisol levels prior to
the onset of cycling and mating may be higher than those in males.

To distinguish between the possible effects of environmental and behavioral
stimuli on the timing of sustained elevations in male cortisol, we compared male
cortisol profiles during the present study period with those of the same males over
the corresponding weeks from another year. The 2 years had similar rainfall
patterns, but differed in the timing of the mating and conception seasons, and in
the frequency and distribution of male copulations. If sustained elevations in
male cortisol levels are triggered by environmental cues, one would expect them
to occur at the same time in both years. Alternatively, if male cortisol elevations
are triggered by behavioral changes, one would expect them to occur at different
times corresponding to annual variation in the temporal patterns of sexual
activity and the onset of conceptions.

MATERIALS AND METHODS

Study Site and Subjects

Behavioral and hormonal data were collected between 1 August 1998 and 31
January 1999 from members of one group of muriquis inhabiting the protected
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forest at the Estação Biológica de Caratinga (EBC)/RPPN Feliciano Miguel Abdalla,
located in Minas Gerais, Brazil (191500S, 411500W). The 65+ members of this study
group have been the subjects of behavioral and demographic studies since 1982, and
of fecal hormone studies since 1990 [Strier, 1999]. All group members are fully
habituated, and can be individually distinguished by their natural markings by
trained observers who follow the muriquis on a near-daily basis.

Rainfall at this site is strongly seasonal, and muriqui births are concentrated
during the dry season (June–September) [Strier et al., 2001]. Gestation has been
calculated to be 216.471.5 days (mean7SD; median=216 days, n=5), or 7.2
months [Strier & Ziegler, 1997], and most conceptions occur during the mid-rainy
season (November–February).

Annual mating seasons can be distinguished by a 1–5-mo interval during
which no copulations occur. For example, the last observed copulation of the
1997–1998 mating season, which preceded the present study period, occurred on
25 April 1998. No copulations were observed until August 1998, even though the
group was monitored daily during this interval.

Data Collection

Copulations involving any of the 14 adult males or 19 adult females in the
study group were recorded whenever they were observed during the course of
systematic behavioral and fecal sampling. Copulations were distinguished by
whether or not they terminated in ejaculations, whenever visibility permitted
such an observation. Fecal samples were collected from six adult males and five
adult females. To facilitate interannual comparisons, the male subjects were the
same individuals that had been monitored during a previous study of sexual
behavior and fecal hormones in 1996–1997 [Strier et al., 1999]. The five female
subjects were chosen based on their prior reproductive histories. No consistent
relationship has yet been found between the timing of their previous parturitions
and when females resume cycling and conceive [Strier & Ziegler, 1994, 1997;
Strier, 1996], but we could predict which females would resume cycling and
conceive during the 1998–1999 study period based on the year (1996) in which
their previous infants had been born.

Fecal samples were collected at 4–5-day intervals from each male subject, and
at 1–2-day intervals from each female subject, except during the period of 23
December to 11 January (when no observers were present) or when the target
individuals could not be located, in which case their feces were collected at the
earliest opportunity. This sampling regime yielded a median of 55 fecal samples
(range: 48–56) per male, and 75 fecal samples (range: 69–88) per female. We
obtained Z1 sample per week over the 24 weeks in which collections were made
from three of the five females and five of the six males. We were unable to collect
samples from one female (PL) during week 2, one female (BR) during weeks 4–5,
and one male (NI) during week 21.

The individuals targeted for fecal collection were followed until they
defecated in a discrete location and a fresh fecal sample could be collected. The
feces were scooped into 50-ml polypropylene vials, which were labeled by
individual, date, and time of collection. The vials were stored on ice in insulated
pouches until late afternoon, when they were transferred to a freezer (–201C)
until they were processed at the field station.

Fecal samples were collected from males before 1100 hr, and from females
throughout the day. Previous analyses indicated that collection times were not
related to progesterone or estradiol levels in females [Strier & Ziegler, 1994], or to

88 / Strier et al.



testosterone or cortisol levels in males [Strier et al., 1999]. To evaluate whether
collection time might have affected our interpretation of female cortisol levels, we
compared all pairs of successive daily samples in which one sample was collected
before 1100 hr and the other was collected after 1100 hr from the same female. A
total of 26 pairs of days met these criteria, with two to eight pairs per female. A
paired t-test on log-transformed values indicated that morning and afternoon
samples obtained on successive days from the same females did not differ
significantly (t (25)=–1.6, P=0.12).

Hormonal Assays

The frozen fecal samples were thawed at the field site, and then 0.1 g wet
feces were extracted into an ethanol-water (50:50) solution, as described by Strier
and Ziegler [1997]. The steroid extracts were stored at –201C and then
transported to the Wisconsin Primate Research Center for hormone analysis
[Strier & Ziegler, 2000]. From the 5-ml extraction, 500 ml were subjected to
solvolysis and extracted with ethyl acetate to free steroids from single and
multiple conjugates [Strier et al., 1999]. Cortisol values were determined by
enzyme immunoassay (EIA) [Ziegler et al., 1995]. The cortisol assay was validated
for muriqui feces [Strier et al., 1999]. The intra-assay coefficients of variation
(CVs) for low and high muriqui pools were 6.65 and 2.8, respectively, and the
interassay CVs were 19.25 and 14.55, respectively (n=21). Testosterone was
analyzed by radioimmunoassay (RIA) [Strier et al., 1999]. The intra- and
interassay CVs for a muriqui fecal pool were 3.12 and 7.24, respectively (n=6).
Estradiol and progesterone concentrations were measured by RIA [Strier &
Ziegler, 1997]. The intra- and interassay CVs for a muriqui fecal pool were
respectively 3.58 and 15.68 for progesterone (n=7), and 4.19 and 15.44 for
estradiol (n=7).

Data Analyses

Daily tallies of all observed copulations permitted us to distinguish the dates
and individuals involved. During the present study period, 282 copulations were
observed, of which 186 involved the five female subjects and 112 involved the six
male subjects whose hormones were also analyzed. At least 98 of the 112
copulations (87.5%) involving the male subjects terminated with ejaculation. Only
one of the 14 remaining copulations was scored as terminating without
ejaculation; the other 13 copulations could not be scored. We examined the
distribution of male sexual activity by calculating the proportion of each male’s
copulations and confirmed ejaculations, if different, that were observed in each
week of the study period.

We analyzed male testosterone, and male and female cortisol levels based on
their individual conditions. We distinguished individual conditions based on the
periods before and after they resumed mating, their first observed copulation
(FOC), or (if different in the case of males) their first confirmed ejaculation (FCE)
this year. We also divided each individual’s post-FOC (or FCE) samples into their
mating-only and conception periods. Female conception periods were distin-
guished from their mating-only periods based on when they conceived, which was
evident from estradiol levels that rose and remained elevated without returning
to baseline levels [Strier & Ziegler, 1997]. All six male subjects ejaculated when
they copulated with the first female that conceived during her conception cycle, so
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we used the period from each male’s FCE to the first conception in the group to
define his respective mating-only period.

Following previously established criteria [Strier & Ziegler, 1997; Ziegler et al.,
1997], we used each female’s progesterone and estradiol profiles to identify the
resumption of her ovarian cycles. Cycle lengths were calculated as the number of
days separating successive ovulations, and periovulatory periods were estimated
as the day of ovulation73 days. We mapped each female’s copulations onto her
ovarian hormone profiles to determine the coincidence between her FOC and the
resumption of her ovarian cycles. We compared the cortisol levels of females prior
to the resumption of their ovarian cycles, and during their periovulatory periods
and the intervals between them.

To control for individual and sex differences in sample sizes, we calculated
the average of individual weekly means (7SEM) in our analyses of cortisol and
testosterone levels, and compared them across individual conditions. To examine
interannual variation in male cortisol profiles, we plotted the average weekly
cortisol levels in 1998–1999 against the corresponding levels from the same weeks
in 1996–1997. We analyzed the 1996–1997 cortisol data in males based on their
individual mating activities this year, as described above for the 1998–1999 study
period. To assess the possible relationship between the timing of sustained
cortisol elevations and the onset of conceptions across years, we identified the
week in which cortisol levels rose and remained elevated, using previously
established criteria [Strier et al., 1999].

We present the actual hormone levels in our descriptive statistics, but all
parametric statistical analyses were performed on log-transformations of each
individual’s weekly averages [Sokal & Rohlf, 1969]. We used paired t-tests to
compare individual steroid levels under different conditions, and independent
t-tests to compare differences in male and female cortisol levels. We used general
linear model repeated-measures analyses of variance (ANOVAS) to evaluate
hormonal differences across individual premating, mating-only, and conception
periods. Post-hoc analyses were done with the Tukey test. The relationship
between male cortisol levels across years was assessed with a Spearman one-way
correlation test. In all analyses, we considered Pr0.05 to be statistically
significant, but we looked closely for consistent patterns in individual hormone
levels between conditions whenever P40.05, because the small number of female
and male subjects in our study made our power to detect statistical differences
quite low.

RESULTS

Females

The first copulation signaling the onset of the 1998–1999 mating season
occurred on 23 August, with the FCE observed 2 days later (25 August). The
FOCs of each female occurred at different times (Table I), and in each case
coincided with the resumption of their ovarian cycles. The average length of the
ovarian cycles was 21.3 days (SD=5.2 days, median=20.0 days, N=14), which is
nearly identical to cycle lengths calculated in other years.

Female cortisol levels (N=5) were similar before (mean=47.772.4 ng/g;
median=45.4 ng/g) and after (mean=44.472.2 ng/g; median=46.4 ng/g; t (4)=1.1,
P > 0.40) their FOCs. Cortisol levels during their periovulatory periods and the
intervals between them were also similar (t (4)=0.03, P41.0), averaging 40.175.6
ng/g (median=36.1 ng/g) and 40.373.6 ng/g (median=38.5 ng/g), respectively.
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The first conception during the 1998–1999 breeding season occurred on 23–
26 October. The four female subjects that conceived during this study experienced
two to seven ovarian cycles (Table I). None were observed to copulate after they
conceived. Female cortisol levels were lower during their respective mating-only
periods (mean=39.873.6 ng/g, median=37.4 ng/g, n=5) than during both their
premating (see above) and conception periods (mean=50.672.4 ng/g, med-
ian=48.8 ng/g, N=4; F=3.9, df=2, 11 [due to one female that did not conceive],
Po0.06; Fig. 1). Although P40.05, the consistency of the pattern across females
suggests that the lower cortisol levels during their mating-only periods may be a
real effect.

Males

Similarly to the females, the male subjects resumed copulating at different
times (Table I). There was no difference in male testosterone levels (N=6) before
their respective FCEs (mean=57.674.4 ng/g, median=58.5 ng/g) and afterward
(mean=55.774.3 ng/g, median=54.7 ng/g; t(5)=–0.6, P=0.6), nor did their
testosterone levels differ across their pre-FCE, mating-only (mean=54.278.6 ng/
g, median=50.5 ng/g), and conception (mean=55.573.1 ng/g, median=56.4 ng/g;
F=0.03, df=2, 15, P=0.77) conditions.

In contrast to the females, male cortisol levels (N=6) were significantly
higher after their respective FCEs (mean=46.973.4 ng/g, median=45.8 ng/g)
than before (mean=26.771.9 ng/g, median=28.1 ng/g; t (5)=–5.5, P=0.003). Male
cortisol levels prior to their FCEs were also similar to those during their mating-
only periods (mean=24.874.3 ng/g, median=25.4 ng/g; t (5)=1.0, P=0.40), but
were significantly higher after the first conception in the group (mean=53.474.4
ng/g, median=51.5 ng/g) than during both their pre-FCEs (t (5)=–6.2, P=0.002)

TABLE I. Mating and Reproductive Patterns of Study Subjects

Individual Previous infant’s
birthdatea

FOC (FCE)b Estimated conception datec

Females
NY 24 July 96 25 Aug 98 24–27 Dec 98
BR 4–5 July 96 12 Sep 98 23–26 Oct 98
PL 17–18 June 96 20 Sep 98 28–31 Dec 98
DDd 30–31 Oct 96 27 Oct 98
RO 1–7 Oct 96 14 Nov 98 13–16 Dec 98

Males
DI 23 Aug 98 (15 Sep 98)
DA 30 Aug 98 (21 Sep 98)
CL 2 Oct 98
IV 2 Oct 98
NE 2 Oct 98
NI 20 Oct 98

aAll infants survived and were present when their mothers resumed cycling and copulating.
bDate of the first observed copulation (FOC) by each individual during this study period. Dates of the first
confirmed ejaculation (FCEs) of males are shown if different from the FOCs.
cConception dates for two females (NY and PL) occurred during the period when no observers were present or
fecal samples collected, and were estimated conservatively here by subtracting the mean7SD gestation (215–218
days) from the dates on which the infants born in 1999 were first sighted.
dThis female did not exhibit any hormonal indications of conception during the present study period, nor did she
give birth in 1999.
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and mating-only periods (t (5)=–3.9, P=0.01). The conception season was the only
period in which male cortisol levels were not significantly lower than those of
females (Fig. 1).

Independently of when the males resumed copulating, and of their FCEs,
male sexual activity peaked during the week that preceded the first conception of
the season. For all males, cortisol levels rose and remained elevated the week of
October 31, or 2 weeks after their peak sexual activity and 1 week after the first
conception of the season occurred (Fig. 2).

Interannual Variation in the Onset of Mating and Conceptions

The onset of the 1996–1997 mating season occurred on 27 September, with
the FCE observed on 10 October, and the first conception on 26–29 November.
Compared to 1998–1999, therefore, in 1996–1997 mating resumed 35 days later,
the FCE was observed 46 days later, and the first conception occurred 32–38 days
later. Rainfall patterns in the years preceding each of the study periods, and in
the corresponding months were nearly identical and did not deviate until
December, after the onset of both conception seasons (Fig. 3A).

As in 1998–1999, male cortisol levels (N=6) in 1996–1997 varied with
individual pre-FCE, mating-only, and conception conditions (F=6.9, df=2, 13
[due to two males for which no samples were obtained during their mating-only
periods], P=0.009). Post-hoc analyses indicated that cortisol levels were

Fig. 1. Cortisol levels by individual conditions. Mean7SE cortisol levels of females and males during
their respective premating (pre-FOC or FCE), mating-only, and conception periods. Asterisks
indicate differences, as described in the text, for between condition comparisons among females
(Po0.06) and males (Pr0.01). Cortisol levels were significantly higher in females than in males
during the premating (t (9)=6.1, Po0.001) and mating-only (t (9)=2.2, P=0.05) periods, but there
was no sex difference in cortisol levels during the conception period (t (8)=0.7, P=0.50).
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significantly higher after the onset of the first conception (mean=86.879.2
ng/g, median=93.9 ng/g) than during the pre-FCE (mean=42.376.8 ng/g,
median=34.7 ng/g; P=0.012) or mating-only periods (mean=45.079.3 ng/g,
median=39.6 ng/g; P=0.04). On average, male cortisol levels were nearly twice as
high (97.3%) after the first conception in 1996 than before, similar to the
corresponding increase (100.1%) in 1998.

Weekly cortisol levels over the 2 years were significantly related (rs=0.595,
N=23, Po0.01). In 1996, the sustained elevation in male cortisol occurred
between the weeks of 14 November and 21 November, or 2–3 weeks later than in
1998. This delay was less than the corresponding temporal difference in the onset
of the two conception seasons, and resulted in a different pattern of sustained
cortisol elevations relative to the first conceptions in the 2 years (Fig. 3B).

Weekly copulation and ejaculation rates were lower and less synchronized
among the six male subjects in 1996–1997 than in 1998–1999. Although all six of
the males mated (with ejaculation) within the same 8-day period, the maximum
weekly total ejaculations was much lower (N=5) in 1996–1997 than in 1998–1999
(N=26). Nonetheless, as in 1998, male cortisol levels in 1996 rose and remained
elevated following the peak in the males’ sexual activity.

DISCUSSION

Our findings confirm and extend previous investigations into the hormonal
changes associated with the annual resumption of mating and conception in wild
muriquis. As in previous years, the resumption of female ovarian cycling
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triggered the onset of the 1998–1999 mating season, and there were no hormonal
changes associated with premating season readiness in males. However, in
contrast to our predictions, we found no evidence that cortisol levels in female
muriquis are affected by their individual reproductive conditions. Although the
power of our statistical comparisons across female conditions and seasons was
limited by the small number of subjects in our sample, all of the females had lower
cortisol levels during their mating-only periods, after they resumed cycling, than
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before. This difference is in the opposite direction to that expected if their cortisol
levels rise with the onset of ovarian cycling.

The significantly higher levels of cortisol in females compared to males before
and during their individual mating periods are consistent with the notion that
female muriquis undergo physiological changes associated with prebreeding fat
storage similar to those seen in males of other species with more pronounced
reproductive seasonality [Bercovitch, 2000; Whitten, 2000]. Although we lack
data on changes in body mass in female muriquis, positive associations between
energy reserves and reproduction have been found in females with strong
breeding seasonality (e.g., gray mouse lemurs [Perret & Aujard, 2001] and sifaka
[Richard et al., 2000]), as well as in females with longer, more variable cycling-to-
conception delays (e.g., Hanuman langurs [Koenig et al., 1997] and olive baboons
[Bercovitch, 1987]). Preliminary data indicate that female muriquis devote less
time to feeding when they are cycling and mating compared to other times
[Nogueira, 2001], and it is possible that maintaining energy reserves sustains
them over what can be an extended mating period with unpredictable cycling-to-
conception delays. However, more cortisol data collected from a larger number of
females (particularly during the postlactation and prebreeding periods), as well as
data on the relationship between female body mass and cortisol levels, are
required before we can more fully evaluate how female cortisol levels, energy
stores, and reproductive conditions are related.

The lack of changes in male testosterone levels, and the delayed elevation in
male cortisol levels relative to the onset of the FCEs were consistent with
previous findings based on the FOCs [Strier et al., 1999]. Male muriquis respond
to cycling females by mating with them, but there is no evidence that hormonal
changes precede their sexual activity. Rather, the timing of sustained elevations
in male cortisol appears to be regulated in general by environmental cues, but is
responsive to fine-tuning from social and behavioral cues.

Compared to the 1998–1999 period, in 1996–1997 the onset of mating and
conceptions occurred later, rates of sexual activity were lower, and male mating
patterns were less consistent. Yet, in both years, male cortisol levels rose and
remained elevated within a 2–3-week period, subsequent to the corresponding
peaks in male sexual activity. Although peak sexual activity preceded the first
conceptions in both years, the sustained elevations in male cortisol occurred the
week after the first conception in 1998, but 0–1 weeks before the first conception
in 1996. Thus, while elevations in male sexual activity preceded both the onset of
the conception seasons and sustained elevations in male cortisol, there was no
consistent relationship between male cortisol elevations and the onset of the two
conception seasons.

The effects of sexual activity on male cortisol elevations may be similar to
those described in rhesus macaques, in which rapid elevations in cortisol have
been positively related to ejaculation frequencies [Phoenix et al., 1977], and in
low-ranking Japanese macaques, in which cortisol levels have been positively
correlated with mating frequencies [Barrett et al., 2001]. However, in male
muriquis, once cortisol is stimulated by heightened sexual activity, it remains
elevated. Barrett et al. [2001] suggested that the higher cortisol levels of high-
ranking male Japanese macaques may sustain them during the longer consort-
ships they maintain with females, compared to low-ranking males. Although male
muriquis do not mate-guard or maintain exclusive consortships, cortisol is known
to mobilize energy for a rapid physical response [Sapolsky, 1993]. Sustaining high
cortisol levels could enhance the abilities of males to respond to subsequent
mating and reproductive opportunities during the ensuing conception season.
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In muriquis, the number of sexually active males and females increases as
the mating season progresses. The effort spent monitoring both other males and
the cycling schedules of multiple females may result in reduced feeding time or
efficiency. Although data on variations in male muriqui feeding patterns relative
to sexual activity are not yet available (Cäsar et al., unpublished results), there is
indirect evidence that monitoring other males affects male mating success
through scramble competition instead of contest competition. Males spend more
than 50% of their time in close proximity to one another, and their associations
with each other appear to be a better predictor of their mating success than the
amount of time they spend associating with females [Strier et al., 2002]. The
sustained cortisol elevations in male muriquis may therefore be a response that
prepares them for reduced food intake during the subsequent conception season.
This response is similar to that associated with prebreeding season elevations in
body mass and cortisol levels in male squirrel monkeys, rhesus macaques, and
gray mouse lemurs [Bercovitch, 1992; Perret and Aujard, 2001], and the elevated
cortisol levels associated with consortships in high-ranking male Japanese
macaques and tufted capuchin monkeys [Barrett et al., 2001; Lynch et al., 2002].

Heightened sexual activity, triggered by the unpredictable timing of female
cycling, may contribute to the year-to-year fine-tuning of the sustained cortisol
elevations in male muriquis within the temporal limits set by more regular
environmental cues. However, it is not clear whether male behavior or hormones
play a role in regulating female cycling-to-conception delays. The two to seven
cycles that female muriquis exhibit prior to conception fall within the range of
cycling-to-conception delays reported for other primates (e.g., mantled howler
monkeys: seven to 10 cycles [Glander, 1980]; yellow baboons: median=4 cycles
[Altmann et al., 1978]; mountain gorillas: median=5 cycles [Watts, 1991]; and
chimpanzees: mean=4.3 cycles [Wallis, 1997]). A number of factors, including
female age, reproductive experience, date of previous parturition, nutritional
condition, and social rank, have been related to individual variations in cycling-to-
conception delays in other species [Fedigan & Rose, 1995; Pusey et al., 1997;
Bercovitch, 2000; Knott, 2001], but no consistent patterns in the attributes of
female muriquis and variation in their cycling-to-conception delays have yet
emerged [Strier & Ziegler, 1994, 1997; Strier, 1996].

Heightened sexual activities preceded the first conception in both years
examined in this study, but not the subsequent conceptions for which behavioral
data are available in these or other years. Thus, although intensive mating
activity may stimulate both the onset of conceptions and male cortisol elevations,
it does not appear to be necessary for subsequent conceptions that occur once
male cortisol is elevated. Similarly, although the FCEs were delayed relative to
the FOCs of the two male subjects that copulated earliest, the FCEs of other
males in the group that also copulated at the onset of the mating season coincided
with their FOCs, without resulting in female conceptions. Cortisol may affect
male fertility by stimulating Leydig cell steroidogeneis, and leading to an increase
in testosterone [Li, 1991], but at present there is no evidence that testosterone
levels in male muriquis rise in response to cortisol elevation.

Recent analyses of primate social evolution have focused on the interacting
effects of female numbers, estrus synchrony, duration of receptivity, and
conception probabilities on male reproductive strategies [e.g., Mitani et al.,
1996; Nunn, 1999a, b; van Schaik et al., 1999; Domb & Pagel, 2001]. Although
cycling-to-conception delays have usually been considered in regard to females,
the possible relationships between these delays and the behavioral endocrinology
of male primates have largely been ignored. Understanding the ways in which
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male hormones and behavior interact with female cycling-to-conception delays
may be particularly important in studies of species (such as muriquis) that exhibit
high individual and interannual variation in the timing of conceptions within the
mating season.
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