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Abstract

In some captive and free-ranging populations, unmanipulated female Japanese madagaea fuscataroutinely court, mount (with
pelvic thrusting), compete for, and even prefer, on occasion, certain female sexual partners over certain males. The goal of this study was
to determine if the cytoarchitecture of the dorsocentral portion of the anterior hypothalamic nucleus (AHdc), was male-typical in female
Japanese macaques drawn from one such population. The AHdc is located in the medial preoptic anterior hypothalamus (MPO-AH), a region
of the brain that is known to regulate sexual behaviour in primates. Despite their potential for male-typical sexual behaviour and sexual partner
preference, our female subjects did not possess male-typical AHdc. The AHdc was significantly larger in males than it was in females, a
difference that could be attributed to the significantly larger number of neurons in the male AHdc compared to that of the females. The AHdc
of female Japanese macaques were no more male-typical in size than those of female rhesus macaques, a closely related sister species in whic
females rarely exhibit male-typical sexual behaviour. Although the AHdc may be involved in the regulation of sexual behaviour, this study
indicates that a male-typical AHdc is not a prerequisite for the expression of male-typical sexual behaviour and sexual partner preference
in Japanese macaques. This study is the first to examine the relationship between sex-atypical sexual activity and the cytoarchitecture of a
hypothalamic nucleus in hormonally unmanipulated females.
© 2004 Elsevier B.V. All rights reserved.
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Mounting and sexual partner preference are two componentsfer male reproductive/sexual partners when given the choice
of mating interactions that are sexually dimorphic in most of a same-sex alternative, whereas, males prefer female ones.
specieq1,6,42] Mounting is generally considered a male- Taken together, these observations have helped establish the
typical activity that females perform infrequently, if at all. idea that mounting and preference for female sexual partners
Female mounting, when it does occur, is often enacted to are male-typical activities.
facilitate adaptive social goals (i.e., dominance demonstra- Japanese macaquellgcaca fuscatpare unusual be-
tion) or breeding strategies (i.e., proceptive behaviour in the cause, in addition to engaging in heterosexual behaviour,
presence of potential male mat¢8)39,49] Sexual partner  hormonally and neurologically unmanipulated females in
preference, in the vast majority of species, is oriented to- certain captive and free-ranging populations frequently
wards opposite-sex partngd®]. Females almost always pre- engage in same-sex mounting (with and without pelvic
thrusting) and courtship within the context of temporary,
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order to retain exclusive access to female sexual partners thational and cytoarchitectonic criteria indicates that this struc-
male competitors attempt to usujil,45] Moreover, they ture is a possible homologue of the sexually dimorphic nu-
sometimegprefer same-sex sexual partners when given the cleus of the preoptic area (SDN-POA) in the rat and the in-
simultaneous choice of a sexually motivated, opposite-sexterstitial nucleus of the anterior hypothalamus 3 (INAH3) in
alternative[41,43,47] Accordingly, the question arises as humang8]. The rat SDN-POA14,19,38,50nd the human

to what extent the neural mechanisms underlying sexual INAH3 [3,9,29]have both been implicated in the expression
behaviour in female Japanese macaques are male-typical. of male-typical sexual behaviour and sexual partner prefer-

A number of studies have identified the medial preoptic- ence.

anterior hypothalamus (MPO-AH) as akey brainregionasso-  In light of its position within the MPO-AH, its sexually
ciated with the regulation of male-typical sexual behaviours dimorphic characteristics, and its possible mammalian homo-
in primates. In adult male rhesus macaqudsraulattg and logues, the macaque AHdc may participate in the regulation
common marmoset<allithrix jacchug, lesions in the re-  of male-typical sexual behaviour and sexual partner prefer-
gion of the MPO-AH reduce or completely eliminate sex- ence. The goal of this study was to determine if the cytoar-

ual solicitations directed towards fema[86,37]. Electrical chitecture of the AHdc nucleus was male-typical in female
stimulation of regions in the MPO-AH of adult male rhe- Japanese macaques drawn from a population in which un-
sus macaques facilitates mounting with pelvic thrustig. manipulated adult females routinely mount and demonstrate

The MPO-AH may also be involved the regulation of male- same-sex sexual partner preference. To this end, we calcu-
typical sexual partner preferences in primates. In adult male lated the volume and total cell count of the AHdc nucleus
Japanese macaques, for example, visual presentation of a fein males and females in our sample. We then compared rel-
male was a sufficient stimulus to activate MPO-AH neurons ative sex differences in AHdc volume between Japanese and
inthe absence of any actual sexual resppfisdikewise, the rhesus macaques using data from a previously described rhe-
activity of single neurons in the MPO-AH of adult male rhe- sus macaque samp@]. Japanese and rhesus macaques are
sus macaques is known to increase upon visual presentatiortlosely related sister species in the same evolutionary clade
of a femalg31,52] [18]. Same-sex sexual activity occurs relatively infrequently
Research has also demonstrated that the MPO-AH is aamong unmanipulated female rhesus macaques and, when
key brain region associated with the regulation of female- it does occur, females appear to use the behaviour to facili-
typical sexual behaviours in primates. In adult female com- tate an adaptive sociosexual function, namely, alliance forma-
mon marmosets, lesions in the MPO-AH virtually abolish tion [15,20,22] In contrast, unmanipulated female Japanese
male-directed proceptive behaviours such as tongue-flickingmacaques in the study population engaged in same-sex sex-
and staring displayf23]. Repetitive electrical stimulation  ual activity frequently[43] and did not use this behaviour
of regions in the MPO-AH of intact and ovariectomized for the express purpose of forming alliandé8]. If female
adult female rhesus macaques elicited proceptive behaviourJapanese macaques in our sample have a more male-typical
in the form of hindquarter presentations directed at male part- AHdc, then the volume of male and female AHdc should
ners[32]. Increased firing of MPO-AH neurons in intactand be relatively monomorphic when compared to a closely re-
ovariectomized adult female rhesus macaques was associateldted species, like rhesus macaques, in which females do not
with this same type of female-typical proceptive behaviour normally exhibit male-typical sexual behaviour.
[32]. Single-cell recordings in the MPO-AH of female rhe-
sus macaques indicate that excitation of neurons occurs in
response to copulation with a male partner and increasesl. Materials and methods
with the rate and/or number of pelvic thrusts a male per-
forms|[5]. With regard to the issue of female-typical sexual 1.1. Subjects
partner preference, it is particularly interesting that repeti-
tive electrical stimulation of the MPO-AH in female rhesus All of the Japanese macaque brains were obtained fromin-
macaques evokes proceptive behaviour in the presence of alividuals that were housed at the Laboratory of Behavioural
male conspecific, but not in the male’s absence, nor in the Primatology at the Universtde Montéal. The laboratory
presence of a female conspecific, a non-living object, or a consisted of five indoor rooms and two large outdoor en-
human experimentd®6]. This suggests that the processing closures (230 R furnished with swinging and climbing de-
of certain sensory cues, specific to species and sex, occuwices. Subjects lived in a large, mixed-sex, social group (38
in the MPO-AH prior to the manifestation of proceptive be- individuals: 1 sexually inactive female, age 24 years; 16 sex-
haviour in female rhesus macaques. ually active females, ages 3.5-24 years; 5 sexually active
In this paper, we examined one region of the MPO-AH, males, ages 4-10.5years; 16 sexually inactive/immature indi-
the dorsocentral portion of the anterior hypothalamic nu- viduals, age <4 year) comprised of three unrelated matrilines.
cleus (AHdC)[8], in Japanese macaqgues. Volumetric analy- The study group’s age, sex and matrilineal compositions were
ses demonstrate that this nucleus is approximately 2.8 timestypical for this species as observed under free-ranging condi-
larger in rhesus macaque males relative to fem@psThe tions[51]. Subjects were fed monkey chow, fruit, vegetables
function of the macaque AHdc is unknown. However, posi- and grain on a daily basis. These food items were scattered
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in deep woodchip litter, which created a naturalistic foraging 2 min), stained with a 1% buffered thoinin for 2 min, rinsed
situation for the monkeys. Water was continuously available. with tap water, rehydrated in graded alcohols (50% EtOH
Allindividuals were gonadally intact and had never been used for 5min, 70% EtOH for 5min, 95% EtOH until differen-
for any type of invasive experimentation. Every sexually ac- tiated to the eye), dipped in 100% EtOH seven times, and
tive female in this population routinely mounted, courted fe- then defated in xylene overnight. The stain sections were
males and demonstrated, on occasion, same-sex sexual partemoved from xylene and cover-slipped with Permount the
ner preferencg43]. All sexually immature females in this  next day.

group went on to engage in these same behaviours once they

became sexually active. 1.3. Measurements

1.2. Histology Brain sections were coded so that analyses could be done
without knowledge of the specimen’s identity. The AHdc

Brain tissue was obtained from three sexually active males was identified using criteria outlined previoug8] at a fi-

(ages 4-5 years), three immature males (ages 1-3 years)pal magnification of 30 using a Leitz DMR3 Microscope.

two sexually active females (ages 4-5 years) and two imma- The perimeter of each AHdc was outlined on a video mon-

ture females (age 3 year). Subjects were euthanized with aitor with a cursor. Scion Image 1.62 software calculated the

lethal intramuscular injection of euthanyl (100 ml/kg). The area for each perimeter. Area values were multiplied by the

brains were removed immediately from the skulls, placed section thickness and the square root was calculated. These

in formalin and stored in the Fredrick Banting Research adjusted area values were summed to yield nucleus volumes.

Center, Ottawa, Ont., Canada. Hypothalami were dissectedNeurons were counted by focusing throughout the depth of

from these brains and the blocks of tissue (approx. 3.5 cm the tissue.

x 2.5cm) were re-immmersed in 10% formalin for several

months prior to histological preparation. Blocks of brain tis-

sue were frozen with dry ice, serial-sectioned apui®and 2. Results

placed in Tris-buffered saline overnight. Sections were then

mounted onto gelatin-coated glass slides and dried at room A cluster of neurons was observed within the dorsocentral

temperature overnight. The sections were defated the nextportion of the MPO-AH in both male and female Japanese

day in xylene for 24 h. On the following day, the sections macaquesKigs. 1 and 2 Cytoarchitectonic and positional

were rehydrated in graded alcohols (100% EtOH for 45 min, evidence suggests that the AHdc of the Japanese macaque is

95% EtOH for 5min, 70% EtOH for 5min, 50% EtOH for  a likely homologue of the rhesus macaque AHgIG the rat

5min) and water (tap water for 5min, distilled water for SDN-POA[16] and the INAH3 in humanf3,9,29] First, the

Fig. 1. The Japanese macaque dorsocentral portion of the anterior hypothalamic nucleus (AHdc). The darkly stained magnocellular region af the AHdc i
sexually active male Japanese macaque. The ependymal cell layer of the third ventricle is to the left. Final magnificationTdfe886€ale bar is 100m in
length. For more information on AHdc location seection 2and Ref[8].
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Fig. 2. The Japanese macaque dorsocentral portion of the anterior hypothalamic nucleus (AHdc). The darkly stained magnocellular region af the AHdc i
sexually active female Japanese macaque. The ependymal cell layer of the third ventricle is to the left. Final magnificationTdfe38€ale bar is 100m
in length. For more information on AHdc location seection 2and Ref[8].

Japanese macaque AHdc appeared spherical or ellipsoidal ird-test was performed and indicated a large effect gize (
shape and appeared to contain relatively large, deeply stain-1.82).

ing, polygonal neurons. Second, the Japanese macaque AHdc An analysis of covariance (ANCOVA) was performed for
was situated close to the periventricular region about 1 mm both volume and total cell count with sex as a factor using
lateral to the wall of the third ventricle. It was dorsolateral to age as a covariatddble 1. This analysis demonstrated that
the most ventral and anterior aspect of the magnocellular di- the volume of the AHdc was significantly larger in males
vision of the paraventricular nucleus. In its caudal extent, the than in femalesK[1, 7] = 9.89, effect size = 0.5% < 0.05).
lateral border of the Japanese macaque AHdc came in closeSimilarly, the total cell count of the AHdc was significantly
proximity to a prominent cell group that merged posterodor- higher in males than in femaleB[(, 7] = 18.19, effect size
sally with the bed nucleus of the stria terminalis (BNST). Un- =0.72,P < 0.05).

like the human INAH 43,29] the Japanese macaque AHdc

was not situated in a directly lateral position to the periven-

tricular nucleus. In fact, no structure resembling the human Table 1

INAH4 was identified. At some levels, clusters of neurons AHdc nucleus volume and total neuron count in Japanese macaques

were observed in the appropriate position, but these wereSubject Age Sexual ~ Weight  Volume  Neuron
highly variable and in no case did they coalesce into a single status ~ (kg) (mm?)  count
nucleus. Females

The mean AHdc volume for males€ 6) was 8.84+ 1.51 F1 5 SA 162 441 267
(S.E.M.) compared to a mean nucleus volume in females ( Eg g gf igg gég gég
=4) of 4.31+ 0.46 (S.E.M.) Table 1. This is a 2.05-fold Fa 3 Si 102 432 270
difference. An analysis of variance (ANOVA) demonstrated  Mean 3.75 - 132 431 2663
that the volume of the AHdc was significantly largerin males ~ S.EM. 0.55 - 193 046 172
compared to female$[1, 8] = 5.56,P < 0.05). A Cohen’s Males
d-test was performed and indicated a large effect size ( M1 5 SA 182 1561 990
1.68). M2 5 SA 182 896 808

The mean total cell count of the AHdc in males{(6) was M3 4 SA 155 7 476
592.2+ 102.6 (S.E.M.) compared to a mean total cell count mg i g: 1;71 2:;2 Zgg
in females (l = 4) of 266.3+ 17.2 (SEM) 'Q'able ]) This M6 1 Sl 54 6.44 401
is a 2.22-fold difference. An ANOVA demonstrated that the  Mean 3.17 - 157 844 5922
total cell count of the AHdc was significantly larger in males ~ S.E.M. 0.82 - B4 151 1026

compared to females$-[1, 8] = 6.38,P < 0.05). A Cohen'’s SA: sexually active; Sl: sexually inactive.
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An ANCOVA was also performed for both nucleus vol- of female rhesus macaques, a closely related sister species
ume and total cell count with sex as a factor using weight [18] in which females do not display male-typical sexual be-
as a covariateTable 1. This analysis demonstrated that the haviour with any regularity15,20,22]
volume of the AHdc was significantly larger in males than in The behaviour of individuals in our sample was stud-
females F[1, 7] = 7.85, effect size = 0.5 < 0.05). Simi- ied extensively during a typical mating season (October
larly, the total cell count of the AHdc was significantly higher 1993-February 1994) at the Univeéside Montéal colony,
in males than in female$[1, 7] = 12.93, effect size =0.65, and every sexually mature female engaged in female homo-
P <0.01). sexual behaviouj43]. Moreover, the majority of sexual re-

A 2 x 2 ANCOVA was performed for AHdc nucleus vol-  lationships formedN = 95) were homosexual (55%) rela-
ume with age (adult versus immatures) and sex as factors andive to heterosexual (45%). Homosexual consortships could
weight as a covariate. This analysis demonstrated that therecontinue on and off for well over a week, or consecutively
were no significant differences between older and younger in- over a period of approximately 4 days. During homosex-

dividuals for AHdc nucleus volumé-(1, 5] =1.48,P=0.28). ual consortships, females solicited their partners for sex an
In addition, there was no interaction effect between age cat-average of 28 times per hour of observation, and mounted
egory and sex for AHdc nucleus volumig[{, 5] = 0.26,P each other an average of 31 times per hour of observation

= 0.63). A 2x 2 ANCOVA was also performed for AHdc (N = 129 observation hours). In addition, females engaged
total cell count with age (adult versus immatures) and sex asin inter-sexual competition with males to retain exclusive ac-
factors and weight as a covariate. This analysis demonstratedess to their female sexual partners approximately once ev-
that there were no significant differences between older andery 2.9 h of observatiof#1,45] Moreover, following 92.5%

younger individuals for AHdc total cell courfe[1, 5] = 0.49, of these competitive exchanges, females that were the ob-
P=0.51). In addition, there was no interaction effect between jects of competition chose to continue to engage in sexual
age category and sex for AHdc total cell cour{tl(, 5] = 1.48, behaviour with their female sexual partners (the female com-
P =0.28). petitor), rather than begin to engage in sexual behaviour with

Finally, we calculated the effect size of AHdc nucleus vol- the male competitor. As such, multiple measures all suggest
ume for our Japanese macaque sampte@.6405) and the  that the females in our study population routinely engaged
effect size for a previously describg] rhesus macaque sam- in what most observers would define as male-typical sexual

ple (malesx=0.28+ 0.3mn? (S.E.M.),n = 4; femalesx = activity.

0.1+ 0.02mn? (S.E.M.),n = 4;r = 0.6936). We compared Although female—female mounting in some species is dis-
these different effect sizes using a Fisherw z transfor- played as part of a social or breeding strateg$9,49] re-
mation [24], which revealed no significant difference £ search indicates that same-sex mounting in female Japanese
0.1658) in the AHdc nucleus volume between the Japanesemacaques is a sexual behaviour, not a sociosexual one. Socio-
macaque and rhesus macaque samples. sexual behaviours are behaviours that look sexual in terms of

their outward form, but are enacted to facilitate some sort of

adaptive social goal, such as dominance demonstrptfjn
3. Discussion Female Japanese macaques do not use same-sex courting or

mounting to attract male matgk7,39], impede reproduction

Adult female Japanese macaques in certain populationsby same-sex competitof89], form alliances inside or out-

routinely mount, thrust, court, compete for, and sometimes side the mating seas¢0], communicate about dominance
even prefer, some same-sex sexual partners relative to maleelationship$46], obtain alloparental café0], reduce social
alternativeqd41,43,47] In light of their male-typical sexual tension associated with incipient aggres$#i, practice for
behaviour, we reasoned that the AHdc of female subjects heterosexual sexual activity (i.e., female—male mounting),
drawn from one such population might be organized in a or to reconcile following conflict§44]. Like heterosexual
male-typical manner. Contrary to our predictions, our anal- behaviour, female homosexual behaviour is never observed
yses indicate that the Japanese macaque AHdc is signifi-outside of the species’ fall-winter mating season. Moreover,
cantly larger in males than in females, independent of age these interactions do not mimic generalized patterns of social
and weight. This difference is due to a significantly larger affiliation. For example, females avoid homosexual contact
number of neurons in the AHdc of males relative to females. with close female kin, such that mounting, courtship, and con-
Given the small size of our sample, it seems likely that the sortships are never observed between mothers and daughters,
sex differences in AHdc volume and total cell count we found sisters, or grandmothers and granddaughietsl?]. This
are robust ones. Age (adult versus immature) did not accountpattern of avoidance does not characterize other forms of so-
for a significant amount of intra-sexual variance in AHdc cial affiliation such as grooming, co-sleeping, huddling, or
nucleus volume or total cell count. This suggests that pu- interventiond10,25,27] Finally, females frequently engage
bertal hormones do not affect growth of the AHdc nucleus. in prolonged and directed clitoral stimulation during same-
Although our female Japanese macaque subjects manifestedex mounting either by rubbing their clitorises against the
male-typical sexual behaviour on a routine basis, their AHdc back of the mountee or by masturbating with their tails while
volumes and cell counts were no more male-typical than thosemounting.
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Previous research on perinatally hormone-treated non-jects employed in the studies described abf®;29] may
primate subjects also demonstrates a lack of correlation be-have engaged in receptive anal intercourse, but it is debat-
tween male-typical features of POA/AH morphology and the able as to whether this behavioural pattern is female-typical.
capacity of females to display male-typical sexual behaviour. In light of these differences, the association between sex-
In rats, the volume of the SDN-POA is significantly larger in atypical sexual behaviour and sex-atypical nuclei in the re-
females treated prenatally with testosterone propionate (TP)gion of the MPO-AH may be specific to males that exhibit
compared to control femal§®1]. Despite this neuroanatom-  exclusive female-typical (i.e., androphilic) sexual partner
ical difference, TP-treated females rarely mounted other indi- preference.
viduals and were no more likely to do so than control females  The present study indicates that a male-typical AHdc is
[21]. Conversely, female ferrets treated with testosterone (T) not a prerequisite for the expression of male-typical sexual
postnatally (days P5 to P20) and for 1 month beginning after behaviour and sexual partner preference in female Japanese
ovariectomy on P56 failed to develop the sexually dimor- macaques. However, the role of the AHdc in generating
phic male nucleus in the dorsal preoptic/anterior hypothala- male or female sexual behaviour cannot be determined from
mic area (MN-POA/AH), but displayed high levels of male- our results. It is possible, for example, that a female-typical
typical sexual behaviour nonethelg&s]. AHdc is sufficient to generate the male-typical sexual be-

In contrast to the present study, prior research on hor- haviours and sexual partner preference in question. Alterna-
monally unmanipulated subjects has demonstrated that sexiively, the AHdc might be involved in the regulation of male-
atypical sexual activity is associated with sex-atypical nuclei typical sexual behaviour and sexual partner preference in
in the region of the MPO-AH. In humans, it has been shown male Japanese macaques, but not in females. In other words,
that the volume of the INAH3 is smallerin homosexual males, different neural mechanisms may generate ostensibly similar
relative to heterosexual malg%s29]. Moreover, homosexual — sexual behaviours (i.e., mounting postures, pelvic thrusting,
males have a higher cell density within the INAH3, relative to courtship displays) and patterns of sexual partner preference
their heterosexual counterpaf®. In domestic sheepvis (i.e., preference for female sexual partners) in male and fe-
aries), the volume of the ovine sexually dimorphic nucleus male Japanese macaques. For example, male mounting be-
(oSDN) is smaller in rams that prefer male sexual partners haviour in rats appears to be regulated by the MPO[23],

(i.e., male-oriented rams), relative to those that prefer fe- whereas the female mounting of sexually sluggish male rats
male sexual partners (i.e., female-oriented rgi38). In ad- is regulated by the ventromedial hypothalamus, notthe MPO-
dition, aromatase mRNA levels are higher in the oSDN of AH [2]. Although some aspects of their sexual activity are
female-oriented rams relative to their male-oriented counter- male-typical, females in the study population also engaged
parts[36]. in a variety of female-typical sexual behaviours. For exam-

Several factors might account for why the hunj@y29] ple, they did not acquire female sexual partners in the same
and domestic sheef36] studies found an association be- manner as malgg5]. The female-typical AHdc that charac-
tween sex-atypical sexual activity and sex-atypical hypotha- terized our female subjects may be involved in the regulation
lamic nuclei, whereas the present study did not. To begin with, of these sorts of female-typical sexual behaviours. Further re-
prior research on humans and domestic sheep has focused osearch on this unique primate species will be needed to clar-
male subjects whereas our study examined female subjectsify issues pertaining to the function of the Japanese macaque
Second, although all of these studies examined superficially AHdc.
similar phenomenon (i.e., the expression of same-sex sex-
ual partner preferences), in actuality, the phenomenon under
investigation were fundamentally different from each other. Acknowledgements
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