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a b s t r a c t
The neuro-hypophysial hormone oxytocin (OT) has been implicated in female reproductive and maternal behaviors and in the formation of pair bonds in monogamous species. Here we measure variation in urinary OT
concentrations in relation to reproductive biology and socio-sexual behavior in a promiscuously breeding
species, the chacma baboon (Papio hamadryas ursinus). Subjects were members of a habituated group of baboons in the Okavango Delta, Botswana. We collected behavioral data and urine samples from n = 13 cycling
females across their estrous cycles and during and outside short-term, exclusive sexual consortships. Samples
were analyzed via enzyme immunoassay (EIA) and we used linear mixed models (LMM) to explore the relationship between peripheral OT and a female's estrous stage and consortship status, her previous reproductive experience and fertility. We also used a Pearson's correlation to examine the relationship between OT
concentrations of consorting females and their extent of behavioral coordination with their consort partners.
The results of the LMM indicate that only estrous stage had a signiﬁcant inﬂuence on OT levels. Females had
higher OT levels during their periovulatory period than during other stages of their estrous cycle. There were
no differences in the OT levels between consorting and non-consorting periovulatory females. However,
among consorting females, there was a signiﬁcant positive relationship between urinary OT levels and the
maintenance of close proximity between consort partners. Our results suggest that physiological and behavioral changes associated with the initiation and maintenance of short-term inter-sexual relationships in baboons correspond with changes in peripheral OT.
© 2012 Elsevier Inc. All rights reserved.

Introduction
Oxytocin (OT) is an evolutionarily conserved neuro-hypophysial
hormone that is released into the brain and blood stream in response
to social stimuli in a range of mammalian species, including humans
(Carter, 1992; Heinrichs and Domes, 2008; Lim and Young, 2006). OT
is regulated by estrogen (E) and has an especially important role in mediating female reproductive and maternal behaviors (reviewed by
Campbell, 2008). Vagino-cervical stimulation during mating or parturition and nipple stimulation during lactation are potent releasers of OT
peripherally (Carmichael et al., 1987; Carter and Altemus, 1997) and
centrally (Nyuyki et al., 2011; Ross et al., 2009). Centrally-released OT facilitates sexual receptivity and maternal behavior (Pedersen and Prange,
1979; Witt, 1995) and OT antagonists impair these behaviors in rodents
(Benelli et al., 1994) and primates (Boccia et al., 2007).
OT has also been implicated in the formation and maintenance of selective social bonds between human mothers and infants (Feldman et
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al., 2011; Seltzer et al., 2010; Wismer-Fries et al., 2005) and between
mates in monogamously breeding rodents (Williams et al., 1994; Witt
et al., 1990) and primates (Smith et al., 2010; Snowdon et al., 2010). In
the monogamously breeding prairie vole (Microtus ochrogaster), there is
evidence that OT released centrally during mating interacts with the dopamine (DA) system to reinforce the rewarding nature of interactions
with speciﬁc partners, leading to selective pair bonds (Ross et al., 2009).
In comparison, relatively little is known about the role of OT in mediating
sexual relationships in species with promiscuous mating systems. In addition, there have been few studies in any species to measure oxytocin during social interactions outside of a laboratory setting.
In this study we measure urinary OT levels in wild, free-ranging
chacma baboons (Papio hamadryas ursinus) and explore the relationship between peripheral OT, changes in reproductive physiology and
the initiation and maintenance of sexual relationships in a promiscuous species. Intact oxytocin can be reliably measured in urine (Polito
et al., 2006; Seltzer and Ziegler, 2007), and there is growing evidence
for covariation between urinary OT levels and the social environment
in humans (Feldman et al., 2011; Nagasawa et al., 2009; Seltzer et al.,
2010; Wismer-Fries et al., 2005) and in other species (cotton-top tamarins, Saguinus oedipus: Seltzer and Ziegler, 2007; Snowdon et al., 2010;
dogs, Canis familiarus: Mitsui et al., 2011). While oxytocin concentrations
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in urine do not always correspond with other systemic measurements of
OT (e.g. Feldman et al., 2011), this is likely due to differences in the time
course between changes in OT in plasma or saliva and excretion of OT in
urine. In studies in different species where peripheral OT levels were
monitored in plasma and urine over several hours following infusion of
endogenous OT, increases in urinary OT concentrations were consistently found within 30–60 min of increases in plasma OT (Amico et al., 1987;
Mitsui et al., 2011), suggesting a reliable relationship between changes in
systemic OT and changes in urinary OT concentrations. Importantly, urinary measures reﬂect accumulated levels of OT over several hours and
may thus be most relevant for exploring biological responses to
sustained social stimuli, while plasma measures may be more relevant
for measuring biological responses to acute, transient events.
The relevance of peripheral measures of OT for examining the relationship between general OT system activation and social behavior remains controversial. Some experimental evidence supports coordinated
release of OT centrally and peripherally (e.g. Wotjak et al., 1998), while
other evidence suggests largely independent mechanisms of release
(reviewed in Veening et al., 2010). However, recent neuroanatomical
(Ross et al., 2009) and genetic (Feldman et al., 2012) evidence provides
increasing support for a relationship between the central OT system and
peripheral OT measurements. Moreover, even if releases of OT centrally
and peripherally are largely independent, peripheral OT may still inﬂuence or respond to social behavior via activation of peripheral OT receptors, for example in the gonads, thymus and heart, which could then
provide afferent feedback to the central nervous system (Cushing and
Carter, 2000). Thus peripheral oxytocin has biological relevance for exploring mechanisms mediating social behavior, and may become an increasingly important physiological marker of variation in prosocial
behavior and social attachment in free-ranging animals and in humans
(Bartz and Hollander, 2006).
Baboon social groups consist of several matrilines of philopatric females, along with a variable number of immigrant males. Males are organized in a linear dominance hierarchy characterized by high levels
of reproductive skew (Bulger, 1993). Cycling females have sexual swellings that reach maximal tumescence coinciding with the periovulatory
period (POP), typically considered to last between ﬁve to seven days
prior to detumescence (Bulger, 1993; Weingrill et al., 2000). During
this period, females form short-term, exclusive mating relationships,
or consortships, with males that last on average 3–4 days in chacma baboons (Bulger, 1993). While in consortships, males and females typically
maintain close proximity and engage in frequent mating and other
afﬁliative behaviors such as grooming (Seyfarth, 1978; Weingrill et al.,
2000). Males compete for access to estrous females and alpha males monopolize consorts during the periovulatory period (Gesquiere et al.,
2007; Moscovice et al., 2010). However, due to cycle overlap among females, periovulatory females also form consortships with lower-ranking
males, and females are not necessarily consorted on all of their
periovulatory days (Moscovice et al., 2010; Weingrill et al., 2000).
We characterized ﬂuctuations in peripheral OT in female baboons in
relation to their stage of estrous and their involvement in consortships.
Based on the excitatory effects of E on OT, we predicted that peripheral
OT levels would track changes in E across the baboon estrous cycle,
which steadily increases during the follicular stage, peaks prior to the
luteinizing hormone (LH) and follicle stimulating hormone (FSH) surge
that induces ovulation and then falls rapidly to baseline during the luteal
phase (Honore and Tardif, 2009). We predicted that peripheral OT levels
would be higher during the periovulatory period compared with the follicular and luteal phases of the estrous cycle. This pattern would be consistent with studies in humans (Salonia et al., 2005; Shukovski et al., 1989;
Stock et al., 1991) and rhesus macaques (Macaca mulatta, Falconer et al.,
1980) that indicate mid-cycle peaks in plasma OT levels. There is also evidence that estrogen levels can vary with differences in reproductive experiences or fertility outcomes in female primates. Human females who
have previously experienced at least one full-term pregnancy exhibit
long-term reductions in E, both during and outside of pregnancy,
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compared to primiparous females (Arslan et al., 2006; Bernstein et al.,
1986). In yellow baboons, females tend to have higher fecal estrogen concentrations during conceptive compared to non-conceptive cycles
(Gesquiere et al., 2007). Since differences in parity and fertility are associated with differences in E, it is also possible that these factors may be associated with differences in females' OT levels.
In addition to estrogen-mediated changes in OT, it is likely that salient
socio-sexual stimuli may inﬂuence peripheral OT levels. Based on the
relatively prolonged changes in a social context that occur during
consortships, including increased sexual behavior, and evidence that sexual arousal and mating are associated with increases in peripheral OT in
female mammals (Carmichael et al., 1987; Salonia et al., 2005), we predicted that periovulatory females in consortships would have higher urinary OT levels than periovulatory females who were not in consortships.
Within consortships as well, variation in females' OT levels may relate to
variation in the quality of relationships between consort partners, similar
to evidence for co-variation between peripheral OT and afﬁliation among
pair-bonded cotton top tamarins (Snowdon et al., 2010).
Methods
Study site and data collection
Subjects were members of a habituated group of wild chacma baboons located in the Moremi Wildlife Reserve in the Okavango Delta,
Botswana. All research was conducted using noninvasive methods
approved by the Animal Care and Use Committee of the University
of Pennsylvania (Protocol No. 19001). During the study period from
June 2006 to June 2007, the group size ranged from 62 to 73 individuals, including 28 adult females over ﬁve years of age. Complete reproductive histories of all adult females were known and female
reproductive cycles were monitored throughout the study period. Estrous cycles were identiﬁed post-hoc as conceptive or non-conceptive
based on whether the cycle resulted in a pregnancy.
For cycling females, daily data were recorded on estrous state and
consortship status six days per week, between 6 and 13:30 h. Estrous
state was inferred based on changes in size, color and ﬁrmness of sexual
swellings. Visual assessments of changes in swelling size are correlated
with changes in fecal estrogen concentrations in female baboons
(Gesquiere et al., 2007) and are an effective means of distinguishing between different stages of the estrous cycle. For the purpose of this study,
estrous state was classiﬁed into three phases: pre-ovulatory (increasing
tumescence, lasting 12.9±0.97 days), periovulatory (maximally tumescent, lasting 5.3±0.59 days) and post-ovulatory (detumescent, lasting
14.3±1.24 days). Each of these phases is associated with distinct patterns of estrogen release: a gradual increase during the pre-ovulatory period, a large surge during the periovulatory period and rapid return to
baseline levels during the post-ovulatory period (Honore and Tardif,
2009). When females exhibited irregular cycles, indicated by prolonged
periods of time in pre- or post-ovulatory states and/or a lack of a distinct
period of maximal tumescence, data and samples from these cycles were
excluded from the analyses.
Consortships were recorded ad libitum and were readily identiﬁed
by conspicuous mate-guarding by males, as well as frequent mating.
On a subset of days when females were in consortships, we also
conducted ten-minute focal follows of females during which we measured the duration of time females spent within close proximity (deﬁned as within two meters) of their consort partners. These focals
represent gross measures of the extent of behavioral coordination between consort partners on the day of observation.
Sample collection and analysis
We collected 48 urine samples from n = 13 cycling females. Subjects were nulliparous (n = 2), primiparous (n = 8) or multiparous
(n = 3), but none had dependent offspring during the period of
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sample collection. Samples were collected between 6 and 13:30 h,
opportunistically and during continuous focal observations. We collected samples either from the ground or directly in a plastic bag
when a female urinated from a tree. Between 0.5 and 3 ml of urine
were pipetted into an epindorf tube and stored at − 20 °C within
three hours of collection. Samples were transported to the USA on
dry ice and stored at − 80 °C at the Wisconsin National Primate
Assay Lab prior to analyses. Samples were analyzed by enzyme immunoassay (EIA) using the Assay Designs EIA kit (Assay Designs,
Inc. Ann Arbor, MI, USA). This kit has been validated in a range of species and across different biological media including urine (Feldman et
al., 2011; Gray et al., 2007; Seltzer and Ziegler, 2007; Seltzer et al.,
2010; Snowdon et al., 2010; Wismer-Fries et al., 2005), plasma and
saliva (Carter et al., 2007; Feldman et al., 2011) and CSF (Toni Ziegler,
unpublished data). The speciﬁcity of the antibody used in this assay
has been repeatedly validated via high-performance liquid chromatography (HPLC) and results across different species and biological
media indicate that the assay antibody binds only to intact OT and
does not show cross-reactivity with other peptide hormones (Carter
et al., 2007; Seltzer and Ziegler, 2007; Wismer-Fries et al., 2005).
This assay should be considered a reliable but conservative measure
of OT, since the assay antibody responds only to the intact OT molecule and not to any OT metabolites (Seltzer and Ziegler, 2007).
Samples were ﬁrst puriﬁed by solid phase extraction (SPE). Urine
was diluted to 1 ml with puriﬁed water and 10 μl of phosphoric acid
and added to SPE columns (Phenomenex Strata X) conditioned with
1 ml methanol and 1 ml puriﬁed water. Samples were washed with
10% acetonitrile, 1% TFA (triﬂuoroacetic acid) in water and eluted
with 1 ml 80:20 acetonitrile:water. Samples were dried and
resuspended in 200 μl assay buffer and added to the microtiter plates
in duplicate according to the assay kit directions. The assay accuracy
was 104.37 ± 5.11% (mean ± SEM), n = 14. Serially diluted pooled baboon urine was parallel to oxytocin standards (t = 2.02, df = 22,
p > 0.05). Mean intra- and inter-assay coefﬁcients of variation were
2.41 (n = 8) and 12.02 (n = 8) respectively. Initially, nine samples
had OT values that exceeded the upper sensitivity limit of the assay.
These samples were re-run at reduced concentrations until they
could be reliably measured on the standard curve. Following Ziegler
and colleagues (1995), we controlled for differences in ﬂuid variability in urine samples by determining Creatinine (Cr) levels for each
sample via microtiter plate-assay. Creatinine was then divided into oxytocin concentrations and oxytocin samples are presented as pg/mg Cr.
Statistical analysis
We used R version 2.15.1 (R Core Team, 2012) for statistical analyses. Due to small sample sizes and violations of normality, we used
the Wilcoxon Exact test to compare within-subject variations in OT
of n = 6 females who were sampled during their periovulatory period
(including during and outside of consortships) and during their following post-ovulatory period when they were detumescing. We
also used linear mixed models (LMM) to assess the effects of estrous
state and consortship status on urinary OT concentrations of all
females who were sampled in at least two different estrous states
(n = 13). The response variable was log transformed OT concentrations. The transformation reduced the inﬂuence of outliers and
resulted in normally-distributed residuals. The predictor variable
combined females' estrous state and consortship status into one categorical factor with four levels: pre-ovulatory, periovulatory but not in
a consortship, periovulatory and in a consortship, and post-ovulatory.
We also included parity (nulliparous, primiparous or multiparous)
and fertility outcomes (conceptive or non-conceptive cycle) as categorical ﬁxed effect control variables. We included female identity as
a random factor and used the ‘lmer’ function (Bates et al., 2012) to
ﬁt the full model, examining all the main effects. Due to the small
sample sizes we did not examine interactions. To test the signiﬁcance

of the full model, we ﬁt a simpler model including only the main effects of parity and fertility and used a likelihood ratio test to compare
the full model to the reduced model (R function ‘anova’). We used
‘language R’ to determine p-values for all individual effects in the
ﬁnal model. In this function p-values are based on Markov Chain
Monte Carlo (MCMC) sampling with 10,000 simulations (Baayen,
2011). We ﬁrst ﬁt the models with all of the data included and then
re-ﬁt the models after excluding all OT samples that were identiﬁed
as outliers, based on values greater than two standard deviations
from the mean (n = 2 samples). We did this to examine the robustness of the models with respect to outliers. Results of the models
with and without outliers included were identical with respect to
general patterns and signiﬁcance outcomes, so we only present the
results of the models with all of the OT samples included.
We used matched endocrine samples and behavioral data from
focal observations of consorting females to examine the relationship
between urinary OT and the extent of behavioral coordination between consort partners. This analysis included n = 7 females,
representing n = 11 different consort days where urine samples
were collected from a subject within 24 h of completion of a focal
follow on that individual. This time frame was chosen based on evidence that following injection of radioactively labeled OT into plasma in cotton top tamarins, labeled OT can be detected in urine for
similarly extended periods (Seltzer and Ziegler, 2007). We used a
Pearson correlation to measure the dependence between log
transformed OT and log transformed proportion of time in close
proximity to consort partners. We used the log transformed data to
reduce the impact of outliers. We performed a permutation test
(Manly, 1997) with 1000 iterations to compute the two-sided
p-value to account for the repeated sampling of two subjects. All results are presented as mean (± SEM).

Results
We analyzed 3.69 (± 0.33) urine samples from each female
subject (Table 1). Samples were collected from n = 34 different
estrous cycles, and were distributed across the pre-ovulatory period
(n = 17), the periovulatory period during consortships (n = 12) and
outside of consortships (n = 6) and during the post-ovulatory period
(n = 13). Of the samples, 14.5% (n = 7) were from nulliparous females, 66.7% (n = 32) were from primiparous females and 18.7%
(n = 9) were from multiparous females. The majority of samples
(66.7%, n = 32) were collected during non-conceptive cycles, while
the remaining n = 16 samples were collected during conceptive
cycles.

Table 1
Attributes of cycling female baboons, listed in rank order, from which urine samples
were collected for analysis.
Female
ID

Parity

No. of
urine
samples
analyzed

Proportion
of samples
from
consortships

Proportion of
samples from
conceptive
cycles

Mean (+SEM)
oxytocin (pg/mg
creatinine)

SL
PM
NX
BE
VD
RU
CO
CD
LS
DO
WS
LN
JK

Multiparous
Multiparous
Nulliparous
Primiparous
Primiparous
Primiparous
Primiparous
Primiparous
Nulliparous
Primiparous
Primiparous
Primiparous
Multiparous

4
2
3
2
6
4
3
5
4
3
4
5
3

0.50
0.50
0.33
0.50
0.33
0.00
0.33
0.00
0.00
0.00
1.00
0.00
0.00

0.25
0.50
0.33
0.50
0.50
0.00
0.67
0.00
0.75
0.00
0.75
0.00
0.00

812.62
100.89
64.24
384.92
168.66
271.36
803.74
181.06
278.40
24.4
489.62
74.06
243.62

(425.39)
(2.02)
(13.50)
(138.07)
(42.09)
(187.26)
(773.16)
(138.41)
(240.65)
(4.65)
(148.57)
(19.07)
(162.41)
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Fig. 1. Urinary OT levels of females during their periovulatory period (POP) and during
the following period (post-POP), when they were detumescent (Wilcoxon, p = 0.031).

Females had higher average urinary OT levels during their
periovulatory period (whether in consortships or not) than in the following post-ovulatory period (428.03± 92.10 pg/mg Cr vs. 146.01 ±
72.22 pg/mg Cr, Wilcoxon Exact Test: n = 6, T+ = 21, 0 ties, p = 0.031,
Fig. 1). The LMM allowed for further differentiation of the effects of multiple factors on peripheral OT levels, while controlling for the repeated
sampling of female subjects. The full model including the main effects
of estrous state and consortships, parity and fertility explained a significantly greater amount of variance in females' OT levels than did a reduced model that included only the main effects of parity and fertility
(full model: AIC =74.14, df = 9, n = 48, reduced model: AIC =88.63,
df= 6, n = 48; likelihood ratio test: χ 2 = 20.492, df= 3, p b 0.001). Considering the full model, the categorical predictor ‘estrous state and
consortships’ explained a signiﬁcant amount of the variance in OT
values (pmcmc b 0.001, Table 2 and Fig. 2). Periovulatory females in
consortships had signiﬁcantly higher urinary OT concentrations than
pre-(pmcmc = 0.002) and post-(pmcmc = 0.004) ovulatory females.
Non-consorting periovulatory females also had higher OT concentrations than pre-(pmcmc = 0.015) but not post-(pmcmc = 0.133) ovulatory
females. There were no signiﬁcant differences in OT values between
periovulatory females in consortships and periovulatory females who
were not in consortships (pmcmc = 0.305). There was no relationship
between a female's OT levels and her reproductive history or fertility
outcomes (see Table 2).
In eleven instances we were able to collect a urine sample from
a consorting female within 24 h of conducting a ten-minute focal observation of that female. Urine samples were collected 14.12 (± 3.58)
hours following the focal observation. Samples were collected while
subjects were in consortships with the alpha male (n = 6 observations), the beta male (n = 4) or a low ranking male (n = 1). Females
spent 34 (± 11) % of focal observation time in close proximity to
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Fig. 2. Urinary OT concentrations of female baboons in relation to estrous state
and involvement in consortships. OT values are presented on a logarithmic scale.
Periovulatory females in consortships (POP+consort) had signiﬁcantly higher OT levels
compared with pre-ovulatory (Pre) or post-ovulatory (Post) periods (pmcmc b 0.01).
Non-consorting periovulatory females (POP) also had higher OT levels compared with
their pre-ovulatory period (pmcmc =0.015). All other comparisons were non-signiﬁcant
(pmcmc >0.133). Box plots indicate median values and second and third quartiles. Error
bars represent minimum and maximum values. Circles represent outliers within each
level of the factor.

their consort partners. There was a signiﬁcant positive correlation between a female's urinary OT levels and the proportion of observation
time spent in close proximity to her consort partner (Pearson correlation, r = 0.823, 2-sided p-value = 0.044, Fig. 3).
Discussion
This is the ﬁrst study to examine ﬂuctuations in peripheral OT in
relation to female reproductive physiology and socio-sexual behavior
in wild primates. Even with a relatively small sample size, our results
conﬁrm a pattern of increased peripheral OT concentrations during
the periovulatory period in cycling female baboons that is in agreement with the patterns found in humans (e.g. Salonia et al., 2005)
and in rhesus macaques (Falconer et al., 1980), and is likely triggered
by the surge in E coinciding with ovulation. There is evidence that
peripheral OT contributes importantly to females' reproductive function by regulating the timing of the LH surge (Einspanier et al., 1995;
Evans et al., 2003), and facilitating the development and function of
the corpus luteum during pregnancy (Khan et al., 1993).
Peripheral OT also plays a role in facilitating female sexual receptivity in rodents (Caldwell et al., 1986; Pedersen and Boccia, 2002)
and humans (Salonia et al., 2005), and has been implicated in the
maintenance of pair bonds in monogamously breeding species
(Snowdon et al., 2010). Contrary to our predictions, there were no
differences in urinary OT concentrations between consorting and

Table 2
Results of the LMM examining main effects of the categorical predictor variables ‘Estrous state and consortships’, ‘Parity’ and ‘Fertility’ on log transformed urinary OT concentrations (dependent variable). P-values are presented for the overall effect of each
factor. Factors that contribute signiﬁcantly to explaining variance in urinary OT levels
appear in bold.
Variables
Intercept
Estrous state and consortships
POP without consortship
POP + consortship
Post-POP
Parity
Primiparous
Multiparous
Fertility
Conceptive cycle

Estimate

SE

1.527

0.217

0.602
0.857
0.225

0.215
0.179
0.163

0.207
0.545

0.194
0.235

pmcmc
b0.001

0.103

0.589
−0.102

0.539

Fig. 3. The relationship between urinary OT levels of consorting females and the proportion of observation time spent within close proximity to their consort partners
(Pearson, p = 0.044). Distinct symbols represent the n= 7 females in the sample. Replicated symbols indicate the n = 2 females who were sampled more than once.
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non-consorting periovulatory females. This is surprising, given the
high frequency of mating during consortships, and evidence that
vagino-cervical stimulation associated with mating coincides with increased peripheral OT levels in humans (Carmichael et al., 1987) and
rabbits (Todd and Lightman, 1986). The relatively small number of
samples from periovulatory females who were not in consortships,
or the lack of controlled sampling at set time periods following copulations, may have inﬂuenced the results.
It is also possible that variation in peripheral OT in female baboons may be more closely related to the quality of relationships
with consort partners than to the mere involvement in a consortship.
This hypothesis is supported by the signiﬁcant positive relationship
between OT concentrations of consorting females and the maintenance of close proximity between consort partners. It is likely that
brief focal observations captured more prolonged differences in the
extent of afﬁliation and behavioral coordination among consort partners. Similar evidence for covariation between peripheral OT levels
in females and the extent of non-sexual afﬁliative behavior with
mates has been found in monogamously breeding cotton-top tamarins (Snowdon et al., 2010) and in humans (Grewen et al., 2005).
Subordinate male chacma baboons closely track the status of
consortships and may take even momentary changes in proximity between consort partners as opportunities to attempt to mate sneakily
with the female (Crockford et al., 2007). Thus any behavioral or endocrine mechanisms that promote afﬁliation and synchronized activity
during consortships may have important reproductive consequences
for male and female baboons. Related to this, males may have different behavioral strategies for maintaining consortships, which could
correspond with differences in oxytocin levels among consorting
females.
More intensive endocrine sampling of periovulatory females
across multiple consortships and within shorter time frames following afﬁliative and sexual behaviors will help to determine how
within-subject variation in OT relates to the identity of consort partners and to socio-sexual interactions during consortships. Our results
also indicate extensive variation in urinary OT concentrations among
periovulatory females who were not in consortships (from 37.50 to
1146.49 pg/mg Cr, see Fig. 2), suggesting that factors other than the
estrous cycle and interactions with consort partners may inﬂuence
peripheral OT levels in female baboons. This area also deserves further investigation.
OT concentrations were not related to differences in parity among female baboons and did not differ between conceptive and non-conceptive
cycles. Based on the relatively small reported changes in E with parity and
fertility in other species (e.g. Arslan et al., 2006; Gesquiere et al., 2007), it
is possible that any changes in estrogen with these same variables in baboons are also relatively small and are not associated with changes in OT.
It is also possible that the smaller sample sizes of nulliparous females and
conceptive cycles may make it difﬁcult to detect differences in OT.
Due to limited sample volumes we were not able to directly measure estrogen concentrations. As a result we are not able to rule out
the possibility that differences in peripheral OT among periovulatory
females may reﬂect ﬁne-scale differences in E, either within or across
cycles. Differences in E could in turn inﬂuence the motivation of both
males and females to initiate and maintain consortships. At several
study sites, alpha males preferentially consort with females during
conceptive cycles (Bulger, 1993; Gesquiere et al., 2007; Weingrill et
al., 2003) and within cycles on days closer to ovulation (Gesquiere
et al., 2007), suggesting that alpha males may detect and use information about ﬁne-scale differences in ovulatory state when making consort decisions. In yellow baboons (Papio cynocephalus), fecal estrogen
levels exhibit minor ﬂuctuations within the periovulatory period and
between conceptive and non-conceptive cycles (Gesquiere et al.,
2007), but it is unlikely that such minor ﬂuctuations in E could explain the extensive variation in the OT levels among periovulatory females in this study. Moreover, we found no evidence for differences

in females' OT levels between conceptive and non-conceptive cycles.
While alpha males appear to invest selectively in consortships that
represent an increased probability of paternity, males of other ranks
consort more broadly across the periovulatory period, and are as likely to consort during fertile as during non-fertile cycles (Bulger, 1993;
Gesquiere et al., 2007). These rank-based differences in male consort
strategies increase the chances that females will be consorted across
their periovulatory periods, regardless of ﬁne-scale differences in estrogen levels. The positive relationship between periovulatory females' OT levels and their extent of close association with consort
partners provides further evidence for a relationship between peripheral OT and socio-sexual environment in chacma baboons.
Lactating female baboons form selective non-sexual bonds, or
‘friendships’, with males, which in chacma baboons appear to
function as a protection against the threat of infanticide (Palombit,
2000). Females form friendships preferentially with males with
whom they consorted the most during their last conceptive cycle
(Moscovice et al., 2010). Consortships thus represent initial investment in more long-term inter-sexual bonds that exhibit some behavioral parallels with pair bonds in monogamous species. Our results
suggest that the maintenance of sexual consortships in baboons is associated at the physiological level with increases in peripheral OT in
females, similar to patterns observed during the formation of pair
bonds in monogamous species (Cushing and Carter, 2000).
Peripheral OT has well-known functions in female reproductive
physiology and there is increasing evidence that peripheral OT also
ﬂuctuates with changes in the social context in humans (Feldman et
al., 2011; Grewen et al., 2005; Seltzer et al., 2010; Wismer-Fries et
al., 2005) and in non-human primates (Seltzer and Ziegler, 2007;
Snowdon et al., 2010). In addition to the established relationship between OT and afﬁliative pair-bonds in monogamous species
(Snowdon et al., 2010; Young and Wang, 2004), this preliminary
study suggests that peripheral OT is related to the maintenance of
short-term, exclusive consortships in a promiscuous species.
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