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A B S T R A C T

We assessed the effect of a progestin-based contraceptive treatment (chlormadinone acetate) on female het-
erosexual and homosexual behaviors in a free-ranging group of Japanese macaques (Macaca fuscata) living at
Arashiyama-Kyoto, Central Japan. The data included estimated intensity of fertility cues, sexual solicitations and
mounting behaviors collected daily during 17 consecutive mating seasons (1995–2012) from 159 females.
Females that were on contraception: (1) exhibited less intense cues of putative fertility and for shorter periods;
(2) were solicited by fewer males, and those males that did solicit them did so less often (i.e., lower heterosexual
attractivity); (3) solicited fewer males and when they did perform sexual solicitations they did so less often (i.e.,
lower heterosexual proceptivity); (4) engaged in shorter heterosexual consortships with fewer male partners
(i.e., lower heterosexual receptivity), compared with females that were not on contraception. In contrast, con-
traceptive treatment had no significant effect on the prevalence, occurrence, frequency, or duration of female
homosexual behaviors. Even though heterosexual and homosexual behaviors can both be considered sexual in
character and under hormonal control, our results suggested they are, to some extent, dissociable. Because
females engaging in homosexual interactions showed less intense cues of putative fertility than those engaging in
heterosexual interactions, regardless of contraceptive treatment, we argued that the hormonal threshold re-
quired for the expression of heterosexual behavior by females was associated with elevated sex hormones levels
compared to homosexual behavior. We discussed the hormonal correlates of sexual behavior and partner pre-
ferences in Japanese macaques.

1. Introduction

Since progestin-based oral contraceptives (OCs) were first in-
troduced as hormonal birth control in human populations, their re-
ported effects on sexual behavior, desire and satisfaction have been
contradictory (Davis and Castaño, 2004). Some studies have reported
negative side effects (e.g., reduction in sexual desire: Wallwiener et al.,
2010; depression: Kulkarni, 2007). Other studies have reported positive
outcomes (e.g., higher sexual satisfaction with male partners: Little
et al., 2002). Whether negative or positive, effects of OCs on sexual
behavior support the view that OCs alter the normal cyclicity of sex
hormone secretion, which plays a major role in the expression of sexual
behavior (Sherwin, 1988). Overall, by changing women's bodies such
that they experience a state of hormonal pseudo-pregnancy, progestin-

based contraceptives reduce peak fertility and affect female attractivity,
proceptivity, and receptivity (Macrae et al., 2002). Finally, other stu-
dies showed either no significant effect of OCs on women hetero-
sexuality (Fortenberry and Hensel, 2011), only transient effects
(Grounds et al., 1970), or substantial individual differences in response
to OCs, leading to inconclusive results (Graham et al., 2007).

Potential sources of contradictory results may be related to experi-
mental design differences or pre-existing hormonal variation between
women (Graham et al., 2007). However, the main confounds in in-
vestigating the effects of OCs on women sexuality probably lie in un-
controlled differences in the way sexual desires and behaviors were
evaluated. Because patterns of heterosexual arousal and behavior in
women may be more determined by cognitive, psychosocial, emotional
and cultural components than hormonal factors, it is difficult to
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objectively measure their responses to OCs (Fortenberry and Hensel,
2011; Wallen, 1990; Welling et al., 2012). Even though many lesbians
are on OCs to help regulate the hormonal cycle and reduce pain during
menstruation (Marrazzo and Stine, 2004), we are not aware of any
reports on the effect of OCs on female homosexuality in humans –
probably because lesbians are not concerned about conception during
their typical sexual interactions.

The objective and systematic collection of behavioral data from
appropriate non-human primate models may circumvent the problems
associated with the reliance on self-reports in the study of OCs in hu-
mans. It is well known that endogenous and exogenous changes in sex
steroid hormones affect the social and sexual behavior of a variety of
animal taxa, including non-human primates (Dixson, 2012). In many
primates species, female heterosexual attractivity, proceptivity, and
receptivity are mediated by behavioral cues (i.e., sexual solicitations)
and non-behavioral cues (i.e., visual-morphological signals such as
genital swelling, and chemical signals such as genital odors from va-
ginal secretions), which are associated with particular phases of the
ovarian cycle and corresponding changes in a female's hormonal state
(Beach, 1976).

In non-human primates, female exposure to exogenous hormones,
such as the administration of progestin-based contraceptives or the
natural consumption of plant steroids, not only reduced reproductive
function by interfering with reproductive physiology, but also had an
inhibitory effect on sexual behavior, either directly by attenuating fe-
male attractivity, proceptivity, and/or receptivity, or indirectly through
reduced female agonistic behavior occurring in the context of mate
competition (e.g., common marmosets, Callithrix jacchus: Kendrick and
Dixson, 1985; chacma baboons: P. ursinus: Saayman, 1973; olive ba-
boons, Papio hamadryas anubis: Higham et al., 2007; pigtailed maca-
ques, Macaca nemestrina: Pazol et al., 2004). For example, injections of
medroxyprogesterone acetate considerably reduced female-to-male so-
licitations in pigtailed macaques (Pazol et al., 2004), and male-to-fe-
male solicitations and mounts in stumptailed macaques (M. arctoides:
Linn and Steklis, 1990). Likewise, progesterone implants decreased
female approaches and follows of males in chacma baboons (Saayman,
1973) and virtually abolished proceptive and receptive tongue-flicking
and significantly increased mount refusals in common marmosets
(Kendrick and Dixson, 1985). Interestingly, the natural diet of primates
sometimes contains phytochemicals and steroid-like substances that
may affect female sexual behavior, influence the timing of fertility, or
function as contraceptives (Higham et al., 2007; Strier, 1993).

It should also be noted that hormonal influences on sexual behavior
in non-human primates varied considerably with social and environ-
mental conditions (e.g., laboratory studies of pairs or trios of subjects
versus studies of social groups of individuals housed in outdoor en-
closures), and were more evident as socio-ecological conditions ap-
proached those natural for the species under study (Linn and Steklis,
1990). In addition to hormonal factors, investigations of the effect of
contraceptive on sexual behavior should consider socio-ecological
variables and physiological state of subjects such as age, dominance
relationships, availability of potential sexual partners, and likelihood of
fertile period (e.g., Linn and Steklis, 1990; Pazol et al., 2004).

Although female homosexual behavior is part of the sexual re-
pertoire of numerous primate species (reviewed in Sommer and Vasey,
2006), information on the hormonal state of both intact and hormon-
ally manipulated females engaged in homosexual interactions is scarce
and contradictory. Female homosexual behavior in rhesus macaques
(M. mulatta) appeared to vary as a function of menstrual cycle stage.
Akers and Conaway (1979) determined menstrual phase visually on the
basis of face coloration, genital swelling and menses and found that
female-female mounting occurred more frequently during the perio-
vulatory phase than during the luteal phase. Conversely, female
homosexual interactions in stumptailed macaques were not associated
with any particular cycle phase, suggesting minimal if any hormonal
control (Chevalier-Skolnikoff, 1976). However, this could also be due to

the fact that, in this species, heterosexual and homosexual interactions
are more influenced by social factors than ovarian hormones (Slob
et al., 1978). Overall, the effects of hormonal contraceptive on female
heterosexual and homosexual behaviors in non-human primates remain
insufficiently documented and poorly understood. Further research is
needed to better comprehend the hormonal correlates of sexual beha-
vior and partner preferences.

Females within certain populations of Japanese macaques (M. fus-
cata) showed a relatively high prevalence and frequency of homosexual
behavior and facultative same-sex sexual partner preference (Vasey,
2006). In Japanese macaques, most female-female mounting occurs in
association with genital stimulation (Vasey and Duckworth, 2006), but
appears to serve no sociosexual function (Vasey, 2004a; Vasey et al.,
1998). Structurally, the homosexual and heterosexual patterns of be-
havior exhibited by adult female Japanese macaques were very similar
with respect to courtship, mount postures, inter-mount activity, partner
retention, incest avoidance, and consortship formation (i.e., formation
of, temporary, but exclusive, sexual associations; Vasey, 2004b).

Several lines of evidence indicate that both female homosexual and
heterosexual behaviors are similarly influenced by sex steroid hor-
mones. First, like male-female mounting, female-female mounting oc-
curred more frequently during the periovulatory period than during the
luteal phase (O'Neill et al., 2004; O'Neill, 2012). Second, a relationship
between hormonal state, proceptive behaviors, and homosexual activity
in female Japanese macaques has long been suggested (Fedigan and
Gouzoules, 1978; Wolfe, 1984) and was recently confirmed by hor-
monal analyses, although the sample size was small (N=3 subjects:
O'Neill et al., 2004). Third, like heterosexual behavior, female homo-
sexual behavior was confined to the mating season and occurred when
females showed signs of higher fertility, such as a reddening of the face
and genital swelling (Wolfe, 1984). Therefore, because female homo-
sexual behavior is part of the sexual repertoire of certain populations of
Japanese macaques, and has been found to mirror heterosexual beha-
vior in many respects, hormonal contraceptives are likely to produce
similar effects on homosexual and heterosexual behaviors in this spe-
cies.

The goal of this study was to assess the effect of a hormonal con-
traceptive treatment on the heterosexual and homosexual behaviors of
female Japanese macaques living in a large free-ranging social group.
Based on these previous findings, we hypothesized inhibitory effects of
the hormonal contraceptive treatment on 1) heterosexual and homo-
sexual attractivity (measured by the intensity and duration of cues of
putative fertile periods, and solicitations received by females from male
and female partners), 2) heterosexual proceptivity (measured by fe-
male-to-male solicitations) and receptivity (measured by male-female
consortships), and 3) homosexual proceptivity (measured by female-to-
female solicitations) and female's readiness to allow female mounts
(measured by female-female consortships). We tested a series of pre-
dictions derived from these three hypotheses (Table 1), and discussed
the implications of our results in terms of hormonal correlates of sexual
behavior and partner preferences in non-human primates and humans.

2. Methods

2.1. Study group and species

The following observations were conducted on the free-ranging
provisioned Arashiyama-E troop of Japanese macaques at the
Iwatayama Monkey Park, Arashiyama, Kyoto Prefecture, Japan. The
Arashiyama group of Japanese macaques is one of the longest con-
tinuously studied non-human primate populations in the world
(Huffman et al., 2012). Long-term records on individually identified
monkeys (including longitudinal data sets on sexual behavior) are
available from years of collaborative research between observers
working at this site (Leca et al., 2012). During the study period
(1995–2012), the size and composition of the Arashiyama-Kyoto group
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