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Abstract In certain Japanese macaque (Macaca fuscata)
populations, females routinely engage in same-sex courtship,
mounting, and consortship activity. Drawing on behavioral,
biogeographic, and genetic research, we suggest that female
homosexual behavior may be associated with genetically dis-
tinct free-ranging populations of Japanese macaques. In ad-
dition, we briefly discuss the implications of this research for
the evolution of female homosexual behavior in this species.

Keywords Female homosexual behavior -
Japanese macaques - Biogeography - Haplotypes

Female Japanese macaque (Macaca fuscata), in certain
populations, are unusual in that, in addition to engaging in
heterosexual behavior, they routinely engage in same-sex
courtship and series mounting (with pelvic thrusting) dur-
ing temporary, but exclusive relationships termed “con-
sortships.” Females compete with males for same-sex sexual
partners and will often choose same-sex sexual partners even
when given the simultaneous choice of a sexually motivated
male alternative (Vasey, 1998). These behaviors do not ap-
pear to serve any sociosexual function including: attracting
male mates, alliance formation, dominance demonstration,
alloparental care acquisition, reconciliation, practice for
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heterosexual copulation, and inter-individual tension
reduction (reviewed in Vasey, 2000).

Several lines of evidence indicate that female-female
mounting, courtship, and consortship activity in Japanese
macaques is sexually motivated. First, these interactions
mirror male-female sexual behavior in many aspects of their
expression. For example, the courtship behavior that females
exhibit during homosexual consortships is virtually indis-
tinguishable from that which occurs during heterosexual
consortships (Vasey, Rains, VanderLaan, Duckworth, & Ko-
vacovsky, 2008). Similarly, female-female mounting across
the ovarian cycle parallels the pattern found for male-female
mounting (O’Neill, Fedigan, & Ziegler, 2004). In addition,
females exercise incest avoidance with close female kin (Cha-
pais, Gauthier, Prud’homme, & Vasey, 1997) despite the fact
that these same kin dyads engage in various forms of social
affiliation together, such as grooming (Baxter & Fedigan,
1979). Finally, during most same-sex mounts (78.3%), female
mounters engage in vulvar, perineal, and anal stimulation
(Vasey & Duckworth, 2006).

This distinctive pattern of female-female consortship
activity has been reported in three free-ranging Japanese
macaque populations, which are located in the central region
of the island of Honshu (Jigokudani: Enomoto, 1974; Mino-o:
Perloe, 1989; Arashiyama: Wolfe, 1984). Japanese maca-
ques range across the entire island of Honshu. As such, evi-
dence from free-ranging populations indicates that female
homosexual consortship activity is confined to a restricted
geographic region within Japanese macaque habitat. This
raises the possibility that the unique pattern of female-female
consortship activity described above may be associated with
genetically distinct free-ranging Japanese macaque popula-
tions.

Recent mitochondrial DNA (mtDNA) research on Japa-
nese macaques indicates genetic differentiation into five
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haplogroups all of which occur on the island of Honshu
(Kawamoto et al., 2007). The three free-ranging populations
in which female homosexual behavior has been observed
fall within a single haplogroup (A1), which is exclusive to
Honshu. Each of these free-ranging populations is charac-
terized by separate haplotypes (e.g., locations: 36 Yama-
nouchi, haplotype JN15; 87 Arashiyama, haplotype IN21; 93
Mino-o, haplotype JN35; Kawamoto et al., 2007), of which
there are 27 within the Al haplogroup. Although limited,
information on captive Japanese macaque colonies derived
from additional areas of Honshu, and in which female homo-
sexual behavior has been observed, corroborates the sug-
gestion that this behavior is exclusively associated with the
A1 haplogroup on the island Honshu (e.g., Wakasa-B colony
[Primate Research Institute, Inuyama, Japan], location 96
Wakasa, A1 haplotype JN36, Kawamoto et al., 2007; Vasey
& Reinhart, 2009). This information strengthens the infer-
ence that the distinctive pattern of female homosexual behav-
ior observed in free-ranging Japanese macaque populations
may indeed be associated with genetically distinct Japanese
macaque populations on the island of Honshu.

Marked geographical variations and concentrations of
particular haplogroups are thought to reflect the effects of
genetic drift, particularly population bottlenecks and founder
events. Japanese macaques are genetically closest to the east-
ern rhesus macaque (M. mulatta: Hoelzer & Melnick, 1996).
Research suggests that in the Middle Pleistocene a small
subgroup of eastern rhesus macaques migrated eastward
from Korea to Japan (Marmi, Bertranpetit, Terradas, Take-
naka, & Domingo-Roura, 2004) along a landbridge that re-
sulted from the glacial sea levels being 130—150 m lower
than at present (Millien-Parra & Jaeger, 1999). On the basis of
palaeogeographic evidence and the propinquity of Japanese
macaque genotypes, Marmi et al. (2004) suggested that the
small founder population of eastern rhesus macaques dis-
persed quickly over the Japanese archipelago resulting in an
initially homogeneous set of mtDNA genotypes.

These homogeneous genotypes then evolved indepen-
dently during the late Pleistocene/Holocene in reduced and
discrete local populations (Marmi et al., 2004). In light of
their habitat requirements (Azuma, 1985), low-lying coastal
glacial refugia with temperate vegetation likely facilitated
the establishment of genetically distinct Japanese macaque
populations. In support of this suggestion, we note that some
present-day haplogroups straddle the waterways between
islands (Kawamoto et al., 2007), lending weight to the con-
clusion that genetic divergence began in glacial refugia when
sea levels were low, rather than from the geographic isolation
of islands. Furthermore, we note that the core area of the Al
haplogroup is located in the central western region of Honshu,
a location that is associated with glacial refugia (Tsukada,
1982; Kawamoto et al., 2007). Notably, this region coincides
with specific vegetation (e.g. Japanese beech [ Fagus crenatal;
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Tomaru et al., 1997) and mammalian fauna (e.g. Japanese
sika deer [Cervus nippon]; Nagata et al., 1999), which Ka-
wamoto et al. (2007) attribute to local selection pressures
within a coastal glacial refugium on the western side of
Honshu.

The distinctive pattern of female homosexual behavior
observed in some Japanese macaque groups (i.e., sexually,
not sociosexually, motivated same-sex series mounting with
thrusting, courtship and consortships, along with inter-sexual
mate competition and facultative same-sex sexual partner
preference) may have evolved in populations living in the
core Al haplogroup area of central western Honshu (e.g.,
locations: 87 Arashiyama and 93 Mino-o; Kawamoto et al.,
2007) once they became geographically isolated in glacial
refugia. Females that were behaviorally capable of this dis-
tinctive type of homosexual behavior may have then spread
from the core Al haplogroup area following deglaciation
and subsequently established populations in higher eleva-
tion, inland regions of Honshu (>800 m above sea level (asl),
and in some places up to 3000 m asl; e.g., location: 36
Yamanouchi). Terrain and postglacial climate zonation dur-
ing the late Pleistocene/Holocene may have subsequently fa-
cilitated further inter-group differences in the expression of
female homosexual behavior through geographic isolation.

Acknowledgements We thank Mike Huffman, Jean-Baptiste Leca,
Doug VanderLaan, Lesley Terry, and one anonymous reviewer. P.L.V.
was funded by the University of Lethbridge and by a Natural Sciences
and Engineering Research Council (NSERC) of Canada Discovery
Grant. H.J. was funded by a NSERC Discovery Grant and by a NSERC
University Faculty Award.

References

Azuma, S. (1985). Ecological biogeography of Japanese monkeys
(Macaca fuscata Blyth) in the warm- and cold-temperate forest. In
T. Kawamichi (Ed.), Contemporary mammalogy in China and
Japan (pp. 1-5). Osaka: Mammalogical Society of Japan.

Baxter, M. J., & Fedigan, L. M. (1979). Grooming and consort partner
selection in a troop of Japanese monkeys (Macaca fuscata).
Archives of Sexual Behavior, 8, 445-458.

Chapais, B., Gauthier, C., Prud’homme, J., & Vasey, P. L. (1997).
Relatedness threshold for nepotism in Japanese macaques. Animal
Behavior, 53, 533-548.

Enomoto, T. (1974). The sexual behavior of Japanese monkeys. Journal
of Human Evolution, 3,351-372.

Hoelzer, G. A., & Melnick, D. J. (1996). Evolutionary relationships of
the macaque. In J. E. Fa & D. G. Lindburg (Eds.), Evolution and
ecology of the macaque societies (pp. 3—17). Cambridge: Cam-
bridge University Press.

Kawamoto, Y., Shotake, T., Nozawa, K., Kawamoto, S., Tomari, K.,
Kawai, S., et al. (2007). Postglacial population expansion of
Japanese macaque (Macaca fuscata) inferred from mitochondrial
DNA phylogeography. Primates, 48, 27-40.

Marmi, J., Bertranpetit, J., Terradas, J., Takenaka, O., & Domingo-
Roura, X. (2004). Radiation and phylogeography in the Japanese
macaque, Macaca fuscata. Molecular Phylogenetics and Evolu-
tion, 30, 676-685.



Arch Sex Behav

Millien-Parra, V., & Jaeger, J.-J. (1999). Island biogeography of the
Japanese terrestrial mammal assemblages: An example of a relict
fauna. Journal of Biogeography, 26, 959-972.

Nagata, J., Masuda, R., Tamate, H. B., Hamasaki, S., Ochiai, K., Asada,
M., etal. (1999). Two genetically distinct lineages of the sika deer,
Cervus nippon, in the Japanese islands: Comparison of mitochon-
drial D-loop region sequences. Molecular Phylogenetics and
Evolution, 13,511-519.

O’Neill, A. C., Fedigan, L. M., & Ziegler, T. E. (2004). Ovarian cycle
phase and same-sex mating behavior in Japanese macaque females.
American Journal of Primatology, 63,25-31.

Perloe, S. 1. (1989). Monkeys of Minoo. Produced by S. I. Perloe,
Department of Psychology, Haverford College [VHS; 45 min].

Tomaru, N., Mitutsuji, T., Takahashi, M., Tsumura, Y., Uchida, K., &
Ohba, K. (1997). Genetic diversity in Fagus crenata (Japanese
beech): Influence of the distributional shift during the late-Quater-
nary. Heredity, 78, 241-251.

Tsukada, M. (1982). Crypotmeria japonica: Glacial refugia and late-
glacial and postglacial migration. Ecology, 63, 1091-1105.

Vasey, P. L. (1998). Female choice and inter-sexual competition for
female sexual partners in Japanese macaques. Behaviour, 135,579—
597.

Vasey, P. L. (2006). The pursuit of pleasure: Homosexual behavior,
sexual reward and evolutionary history in Japanese macaques. In
V. Sommer & P. L. Vasey (Eds.), Homosexual behavior in ani-
mals: An evolutionary perspective (pp. 349-364). Cambridge:
Cambridge University Press.

Vasey, P. L., & Duckworth, N. (2006). Sexual reward via vulvar,
perineal and anal stimulation: A proximate mechanism for female
homosexual mounting in Japanese macaques. Archives of Sexual
Behavior, 35, 523-532.

Vasey, P. L., Rains, D., VanderLaan, D. P., Duckworth, N., & Kova-
covsky, S. D. (2008). Courtship behavior during heterosexual and
homosexual consortships in Japanese macaques. Behavioral Pro-
cesses, 78, 401-407.

Vasey, P. L., & Reinhart, C. (2009). Female homosexual behavior in a
new group of Japanese macaques: Evolutionary implications. Lab-
oratory Primate Newsletter, 48(3), 8—10.

Wolfe, L. D. (1984). Japanese macaque female sexual behavior: A
comparison of Arashiyama East and West. In M. F. Small (Ed.),
Female primates: Studies by women primatologists (pp. 141-157).
New York: Alan R. Liss.

@ Springer



	The Biogeography and Evolution of Female Homosexual �Behavior in Japanese Macaques
	Abstract
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


