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Abstract Unlike most mammals, male orang-utans exhibit
bimaturism, in that mature individuals express one of two
distinct morphological forms. Socially subordinate,
‘unflanged’ males are comparable to females in their size
and facial morphology, while socially dominant ‘flanged’
males exhibit extreme sexual dimorphism and secondary sex-
ual characteristics, primarily in the form of cheek pads
(‘flanges’). Although male ornaments in other species are of-
ten phenotypically plastic, such characteristics in orang-utans
are irreversible—and, given that both morphs are sexually
mature and can father offspring—their adaptive significance
remains unclear. We determined paternity of orang-utans at
Camp Leakey in Tanjung Puting National Park, within the
home range of one long-term dominant male, Kusasi, before,
during and after his period of dominance, in comparison with
subordinate male conspecifics. We found that Kusasi fathered
substantially more offspring conceived during his dominant

period than any other male and that socially subordinate,
unflanged males only fathered offspring during periods of
rank instability. We conclude that orang-utan male bimaturism
is consistent with an evolutionarily stable reproductive strate-
gy and that reproduction within the range of a dominant,
flanged male is highly skewed in his favour, while unflanged
males may largely wait for reproductive opportunities.

Keywords Male bimaturism . Sexual selection . Secondary
sexual characteristics . Paternity . Reproductive success

Introduction

Orang-utans (Pongo spp.) exist in a semi-solitary society with
roving promiscuity (van Schaik and van Hooff 1996), in
which the relatively smaller, philopatric home ranges of fe-
males are enveloped by those of dispersing adult males
(Galdikas 1985a; van Noordwijk et al. 2012). Such males
exhibit bimaturism, expressing one of two morphological
forms (Fig. 1). Socially subordinate, ‘unflanged’ male
orang-utans have typically reached sexualmaturity by 14years
of age, yet appear similar to adult females in their size and
facial morphology (MacKinnon 1974, 1979; Galdikas
1985b). In contrast, socially dominant ‘flanged’ males devel-
op large and irreversible secondary sexual characteristics, pri-
marily in the form of bidiscoid cheek pads (flanges) and a
laryngeal sac (throat pouch) (Rodman and Mitani 1987;
Utami Atmoko and van Hooff 2004). Flanged males also
grow near-ceaselessly in size throughout their entire lives:
They commonly weigh in excess of 80 kg, more than twice
the weight of females (Markham and Groves 1990; Leigh and
Shea 1995). Although male home ranges may overlap, only a
single flanged male is typically dominant in any given area, in
which he is intolerant of other flanged males (Galdikas 1981,
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1985a, c). Flanged males usually tolerate their unflanged con-
specifics but are thought to suppress their maturation. The
underlying psychoneuroendocrinological mechanism for male
bimaturism is yet to be fully understood (Kingsley 1982;
Maggioncalda et al. 1999, 2000, 2002; Emery Thompson
et al. 2012).

Male bimaturism in orang-utans is unusual—if not
unique—among mammals, in that maturation from unflanged
to flanged male morph is an irreversible change. Such devel-
opments in male morphology are more often phenotypically
plastic and alter with dominance rank, such as colorations in
vervet monkeys (Chlorocebus pygerythrus, Gerald 2001) and
mandrills (Mandrillus sphinx, Setchell and Dixson 2001),
‘fattedness’ in mandrills (Wickings et al. 1993) and ventral
staining in Verraux’s sifaka (Propithecus verreauxi verreauxi)
(Lewis and van Schaik 2007). The irreversibility of matura-
tion from an unflanged to a flanged male orang-utan is notable
given the apparent disadvantages experienced by flanged in-
dividuals. Such males have greater nutritional and energetic
demands, inhibited locomotion, higher levels of stress and
increased inter-male aggression, all of which may be the prod-
uct of their extreme sexual dimorphism (Mitani et al. 1996).
Further, transitioning males must still assert their dominance
over concurrently developing rivals: Failure to become dom-
inant may require a newly flanged male to leave the area,
risking further aggressive encounters with other flanged males
in the search for a new home range (Galdikas 1985c; Utami
Atmoko et al. 2009b). Nonetheless, given that such elaborate
ornaments as cheek pads typically indicate an element of fe-
male choice, it is commonly hypothesized that male orang-
utan bimaturism arose as the product of sexual selection: That
cheek-padded males prove more attractive to females and thus
benefit from greater reproductive success (Schürmann and
van Hooff 1986; Rodman and Mitani 1987; Utami et al.
2002; Utami Atmoko and van Hooff 2004; Goossens et al.
2006; Mitra Setia and van Schaik 2007; Knott et al. 2010).

This theory is complicated, however, by the fact that both
flanged and unflanged males are known to copulate with fe-
males and father offspring (Utami et al. 2002; Goossens et al.

2006). Flanged males tend to ‘sit and wait’ for females to
approach their vicinity and mate with them co-operatively
(Schürmann and van Hooff 1986; Utami et al. 2002). While
flanged males have also been observed to force copulations
with unwilling females, such behaviour is more typical of
unflanged males (Galdikas 1981, 1985b; Schürmann and
van Hooff 1986; Fox 2002), though there is considerable var-
iation across study sites (Knott 2009; Utami Atmoko et al.
2009a). Consequently, rather than being an alternative repro-
ductive strategy of unflanged males, it is probable that forced
copulation is a contingent response to resistance by females,
who may vary in their willingness to copulate irrespective of
male morphology (Knott et al. 2010). At Ketambe in Sumatra,
Utami et al. (2002) found that unflanged males fathered more
than half (six) of 11 sampled offspring born over 15 years and
were particularly reproductively successful when male domi-
nance relationships appeared to be unstable. Two flanged
males were consecutively dominant within this time, respec-
tively fathering one of four, and both of two, offspring born
during their periods of dominance (Utami et al. 2002). In
Kinabatangan in Sabah, Malaysian Borneo, Goossens et al.
(2006) assigned paternity for eight offspring. One was fa-
thered by an unflanged male, while five different flanged
males achieved the remaining paternities. In Goossens
et al.’s (2006) study, the dominance status and morphology
of fathers had not been observed over time. Nonetheless, it is
clear from both studies that dominant flanged males failed to
individually father a significantly greater proportion of off-
spring born during their period of dominance than multiple
subordinate flanged or unflanged males. The adaptive signif-
icance of male bimaturism therefore remains unclear (Utami
Atmoko et al. 2009a).

The sample sizes in these studies were small: It is uncertain
if these results would represent behaviour in larger or better-
sampled populations. Further, Utami et al.’s (2002) study
comprised multiple reintroduced, nulliparous females whose
behaviour may not fully represent that of wild conspecifics—
and, while Goossens et al.’s (2006) study focused entirely on a
wild population—the large number of dominant males

Fig. 1 An unflanged, socially
subordinate male orang-utan
(center) appears similar in facial
morphology to a female orang-
utan (left). In contrast, a socially
dominant flanged male (right)
demonstrates secondary sexual
characteristics, primarily in the
form of enlarged bidiscoid cheek
pads. Both male morphs are
sexually mature and both can
father offspring. Photos: M Block
(left), Bpk Bain (center, right)
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sampled presents only a snapshot of reproductive success over
relatively short periods of dominance (Utami Atmoko et al.
2009a). Given that speciation is thought to have occurred at
least 400,000 years ago (Locke et al. 2011)—and that Bornean
and Sumatran orang-utans have since diverged into geograph-
ically and reproductively isolated island populations—it is
also possible that the findings from either study may not be
applicable to the other species (Goossens et al. 2006). In par-
ticular, there are thought to be more flanged males in Bornean
than Sumatran populations and reduced incidence of develop-
mental arrest among Bornean male orang-utans (Delgado and
van Schaik 2000; Dunkel et al. 2013). As sexual dimorphism
is often correlated with polygyny in multiple taxa (Alexander
et al. 1979; Clutton-Brock 1985; Weckerly 1998), it is possi-
ble that orang-utans were once gregarious with ‘harems’ of
females controlled exclusively by a single male (van Hooff
1995). Notably, Harrison and Chivers (2007) proposed that
historic climate change might have resulted in extreme fruit
paucity, triggering a more solitary lifestyle and opening a
niche for an opportunistic ‘sexual predator’ in the form of
unflanged males. However, for the evolution of male
bimaturism to be adaptive, an advantage is required for
flanged males over unflanged conspecifics to offset the asso-
ciated costs. It is puzzling why two morphological forms per-
sist, unless both have significant advantages.

In this study, we genetically quantify the role of bimaturism
in male orang-utan reproductive success at Camp Leakey in
Tanjung Puting National Park, Central Kalimantan, Republic
of Indonesia. Specifically, we test the hypothesis that Kusasi,
the dominant flanged male from 1995 to July 2006, fathered
substantially more offspring conceived in his home range dur-
ing his period of dominance than any other male.

Materials and methods

Study site and population

Camp Leakey was established by Galdikas and Brindamour in
1971 as an orang-utan research and reintroduction site (lati-
tude 111° 57′ to 112° 1′ E; longitude 2° 45′ to 2° 48′ S), within
a surrounding study area of 50 km2 (Fig. 2). At least 90 ex-
captive and displaced orang-utans of near-equal sex ratio were
released there from 1971 until 1985 (Yeager 1997; Galdikas
and Ashbury 2013), complementing a wild population of
around 6000 individuals (Singleton et al. 2004). The number
of orang-utans living in the study area, and thus comprising
the study population, cannot be practically quantified over the
long term: Inevitably, the population demographics have fluc-
tuated over the site’s 43-year history. However, ex-captive
females were typically observed to stay in or adjacent to their
area of reintroduction, thus mimicking the philopatry ob-
served in their wild-born female conspecifics (Galdikas

1985a). All wild and ex-captive males, both flanged and
unflanged, were found to range far beyond the study area
when observed over multiple years. Though Kusasi ranged
extensively while unflanged, his home range as a dominant
male is known to have been approximately 10 km2 in size,
larger than the minimum home ranges estimated for
consubspecifics at other sites (Sabangau 5.6 km2, Gunung
Palung 6.5 km2; Utami Atmoko et al. 2009b). Kusasi’s home
range radiated outward from Camp Leakey and was therefore
wholly encompassed by the study area.

Camp Leakey’s contemporary study population includes
approximately 60 orang-utans that range within the vicinity
of the site and within Kusasi’s home range, comprising ex-
captives, wild orang-utans and their wild-born offspring. All
have been behaviourally monitored for up to 43 years, typi-
cally since their reintroduction or birth, and many frequently
return to the site, accompanied by third- and fourth-generation
individuals. As a result of long-term behavioural monitoring
by Galdikas, most orang-utans at the camp can be identified,
and it is known when many reached maturity, when males
developed their cheek pads, and when females gave birth to
their offspring. On the basis of direct observations of dyadic
interactions, Camp Leakey’s dominant males are known to
have included Ralph (1983–1991), Bagong (1991), Adik
(1991–1992), Yayat (1992–1995), Kusasi (1995–2006), Win
(2006) and Tom (2006–present). Of these, Ralph and Win
were entirely wild orang-utans, and Tom is the wild-born
son of an ex-captive, reintroduced female. The remainder
comprise wild-born ex-captives.

Sample collection

Faecal samples were collected from all orang-utans observed
in the 50 km2 study area, during formal research visits to the
site from June to November 2008 and from October 2010 to
February 2011. Each orang-utan was identified twice, inde-
pendently, by at least two experienced observers who agreed
on the individual’s identity. Orang-utans were followed until
they defaecated. Samples were collected immediately and on-
ly when defaecation was directly witnessed and were pre-
served in ethanol followed by desiccation with silica
(Nsubuga et al. 2004). In order to confirm identifications,
faecal samples were preferentially collected from multiple
defaecations of the same purported individual, identified on
separate occasions.

Genotyping and parentage analyses

Genomic DNA was extracted for at least one faecal sample
from each independent defaecation, using the QIAamp DNA
StoolMini Kit (Qiagen)—or, when insufficient DNA could be
extracted—using a modified 2CTAB/PCI protocol that has
been shown in prior studies to be effective in such cases
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(Vallet et al. 2008). A panel of 14 autosomal tetranucleotide
microsatellite loci were selected; of these, 3 were species-
specific (Nietlisbach et al. 2010) and 11 had amplified suc-
cessfully in a range of primates, including orang-utans, in
previous studies (Zhang et al. 2001; Kanthaswamy and
Smith 2002; Utami et al. 2002). These loci, plus two sex-
linked loci (Di Fiore 2005), were co-amplified in an initial
multiplex PCR, with dilutions of the resulting products re-
amplified in singleplex PCRs with fluorescently labeled for-
ward primers and unlabeled reverse primers. Microsatellite
amplification procedures followed those described in
Arandjelovic et al. (2009). Locus information, primer se-
quences, annealing temperatures, labels and references are
all included in Table S1 of the data supplement. Alleles were
sized using an ABI PRISM 3130xl Genetic Analyzer relative
to a 400HD ROX-labeled internal size standard and scored
manually with GeneMapper 3.7 (Applied Biosystems). For
each extract, DNA was quantified following the procedures
of Morin et al. (2001). The required number of PCR replicates
was then performed to maintain error rates of less than 1 %
when scoring homozygotes, as determined by Arandjelovic
et al. (2009). Heterozygotes were scored by observing both
alleles in at least two independent PCRs.

The programMICRO-CHECKER 2.2.3 was used to exam-
ine genotypes for allelic dropout, null alleles and scoring

errors due to stuttering (van Oosterhout et al. 2004). An exact
test for Hardy-Weinberg equilibrium was performed in
GENEPOP 4.3 (Rousset 2008), with Bonferroni correction
to a significance level of p<0.05. The same program was used
to test for linkage disequilibrium, using only the genotypes of
orang-utans known to be unrelated and unidentified individ-
uals not philopatric to the study area. Given that this region
includes known population substructure, multiple parent-
offspring pairs and both full- and half-sibling dyads—all of
which are known to increase false linkage declarations (Slate
and Pemberton 2007)—it is unlikely true synteny of loci could
be assessed using all genotypes.

In CERVUS 3.0 (Kalinowski et al. 2007), probability of
identity among siblings (PID-sibs) values were computed for
each locus, to determine the minimum number of loci neces-
sary to obtain a combined value of <0.001—thus ensuring
with confidence that matching samples purported to derive
from the same individual did indeed derive from a single
source (Waits et al. 2001). Genotypes purported to derive from
the same individual, which mismatched at three or fewer loci,
were re-examined for possible genotyping errors and re-
genotyped where necessary to resolve potential ambiguities.
Matching samples were given a consensus ID and genotype
for use in subsequent analyses. Average non-exclusion prob-
abilities were computed for identity of two unrelated
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individuals, for identity of two siblings, for one candidate
parent when neither parent is known and for one candidate
parent given the genotype of a known parent of the opposite
sex.

Maternity analyses were first conducted with an exclusion-
ary approach in CERVUS 3.0, in which offspring from known
mother-offspring pairs were required to share one allele at
each locus with the putative mother. In subsequent paternity
analyses, offspring were required to share one allele at each
locus with a candidate father, and—where mother-offspring
pairs were known and confirmed—the second allele with the
mother.

To accommodate genotyping errors, null alleles and poten-
tial mutations, parentage was also inferred using a likelihood
approach. Parentage was simulated over 100,000 offspring in
the same program, to obtain critical values of delta at confi-
dence levels of 80 % (relaxed) and 95 % (strict) (Kalinowski
et al. 2007). We tested a wide range of values for the propor-
tion of fathers sampled, eventually choosing 0.5 in the final
simulation, given that results were robust to the different
values tested. Candidate fathers comprised all those that were
alive and at least 5.5 years old at the time of the offspring’s
conception, this age being the youngest at which captive
males are thought to have achieved paternities (Porton
1997). Candidate offspring included all those who could po-
tentially have been fathered by at least one of the candidate
males, with conception calculated as having occurred between
227 and 301 days prior to parturition—the widest, and thus
most conservative, published range of gestation periods
(Brandt and Mitchell 1971). Paternity was then inferred from
this simulation, for which non-exclusion probabilities and del-
ta scores were computed for each trio. To further consider
parentage assignments, analyses were repeated in the program
COLONY 2.0.5.7, which jointly infers parentage and sibships
across the entire pedigree configuration, rather than for pairs
of individuals (Jones and Wang 2010). For input parameters,
we chose a fully polygamous mating system with no inbreed-
ing, ‘long’ length of run with ‘high’ precision, no allele fre-
quency updating and no sibship prior.

Length of dominant period

On 6 June 2003 and 8 June 2004, Kusasi was anaesthetized at
Camp Leakey for emergency veterinary surgery to attend to
infected wounds—presumably following fights with un-
known males—and was subsequently followed during pe-
riods of prolonged recovery. To acknowledge that these vet-
erinary interventions may have artificially extended Kusasi’s
tenure as the dominant male, we also tested our hypothesis
with a shortened period of dominance, from 1995 to
June 2003. As we discuss, without such interventions, it is
unlikely that Kusasi would have naturally survived to main-
tain his dominant status.

Results

A total of 45 unique genotypes were generated from the ex-
tracts at 12 microsatellite loci. These loci, plus their summary
statistics, are listed in Table S2 of the data supplement. Of
these, the locus D1S550 was observed to sporadically amplify
non-target DNA when scoring alleles; it was therefore re-
moved from analyses. The mean proportion of individuals
typed was 0.9556 across the remaining 11 loci, representing
39 known and identifiable orang-utans and six of unknown
identity. Data at a total of 10microsatellite loci were necessary
to sufficiently distinguish individuals with a PID-sibs value of
<0.001. The average non-exclusion probabilities for identity
of two unrelated individuals, and for identity of two siblings,
were 4.50E-0010 and 1.52E-04, respectively. The combined
probability of excluding a random individual from parentage
was 0.022 when neither of the two parents is known and 0.001
when one parent is known. Consequently, the 11 loci were
considered sufficiently numerous and polymorphic to infer
parentage reliably. No evidence was found of null alleles,
allelic dropout, scoring error due to stuttering or deviation
from Hardy-Weinberg equilibrium in the final dataset.
Linkage disequilibrium was not detected in a subset of 20
genotypes, comprising 14 unrelated orang-utans and 6 un-
identifiable individuals not thought to be philopatric to the
study area.

With the exception of one flanged male (UK6), all orang-
utans were sampled within Kusasi’s home range. The sex,
reproductive status and relatedness of the 45 individuals sam-
pled, plus details of their use in analyses, are shown in
Tables S3–S4 of the data supplement. In brief, in 1995—at
the start of Kusasi’s dominant period—the individuals sam-
pled comprised at least three infant, two juvenile and one
adolescent offspring; two nulliparous, two primiparous and
eight multiparous females; and one flanged and two unflanged
males. By 2003, they included 6 infant and 5 juvenile off-
spring; 4 primiparous and 11 multiparous females; and 3
unflanged and 3 flanged males. By 2006, they included 6
infant and 5 juvenile offspring, 4 nulliparous and 15 multipa-
rous females, and 3 unflanged and 4 flanged males. A further
six identifiable males were sampled from 2008, including two
flanged, two unflanged, one juvenile/unflanged male and one
undergoing the transition from unflanged to flanged male
morph. The sampled individuals include multiple generations
of offspring.

Parentage was inferred using a minimum of six loci, to
accommodate the least-typed individual. In practice, par-
entage was determined from 8 to 11 loci, as detailed in
Table 1. Only eight loci were used for just two individ-
uals, for whom the mothers were known and genotyped.
For these eight loci, the combined probability of excluding
a random individual from parentage was 0.0063 when one
parent is known.
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Maternity analyses confirmed 25 mother-offspring pairs
known from life history data. No previously unrecognized
mother-offspring pairs were observed. Up to 17 candidate
fathers were included in paternity analyses; of these, only
12 were known and identifiable males. At the time of
sample collection, 10 of the candidate fathers were
unflanged, two were in the process of developing their
cheek pads, and five had full secondary sexual character-
istics. Aside from Kusasi and his successor, Tom—whose
cheek pads developed in 2005—these flanged males were
rarely recorded in the study area, and so it is not known
when they developed their cheek pads.

Paternity could be assigned to 14 of 33 candidate offspring,
conceived across multiple decades. Of these, four were in-
ferred by CERVUS at the relaxed, 80 % confidence level;
the remainder were accepted with at least 95 % statistical
certainty. The most likely fathers inferred by COLONY were
in accordance with those inferred by CERVUS, with one ex-
ception: COLONY could not identify a father for one off-
spring (Reiner), for which CERVUS had inferred paternity
at the relaxed confidence level. The 14 offspring were fathered
by Kusasi (N=10), Ponorogo (N=2), Sampson (N=1) and
‘UK1’ (N=1), a male undergoing the transition from
unflanged to flanged male in 2011, who could not be

Table 1 Parentage assignments for orang-utans at Camp Leakey, ordered by birth year of offspring and thus grouped by dominant flanged male

Number of loci at which candidates excluded Cervus Colony

Offspring Loci Birth year NC Kusasi Ponorogo Sampson UK1 Pan Father Dominant Pe Delta Prob.

Tom 10 1983 1 3 − − − − − Ralph − − − −
Riga 11 1983 1 2 − − − − − Ralph − − − −
Uranus 11 1984 1 0 − − − − − Ralph − − − −
Gina 11 1987 2 2 − − − − − Ralph − − − −
Peta 11 1990 5 1 − − − − − Ralph − − − −
Sampson 11 1993 6 0 − − − − Kusasi f Yayat 0.9926 4.32E+00 * 0.9983

Pan 10 1995 8 0 5 − 3 − Kusasi f Yayat/Kusasi 0.9883 4.86E+00 * 1.0000

Chandra 11 1996 8 8 2 2 − − − Kusasi − − − −
Randy 11 1996 8 8 2 4 4 − − Kusasi − − − −
Uning 11 1996 8 0 4 − 3 − Kusasi f Kusasi 0.9944 3.74E+00 * 0.9920

Nova 8 1997 9 0 1 1 0 0 Kusasi f Kusasi 0.9641 2.29E+00 + 0.9673

Aria 11 1999 9 0 5 4 3 − Kusasi f Kusasi 0.9978 5.99E+00 * 1.0000

Ashley 10 2000 10 0 5 1 4 − Kusasi f Kusasi 0.9660 2.09E+00 + 0.9785

Raymond 11 2000 10 0 2 2 1 − Kusasi f Kusasi 0.9984 6.36E+00 * 1.0000

Rimba 11 2000 10 0 4 2 2 − Kusasi f Kusasi 0.9975 6.20E+00 * 1.0000

Thomas 11 2000 10 0 4 1 3 − Kusasi f Kusasi 0.9901 3.94E+00 * 0.9923

Percy 8 2001 11 0 5 1 3 0 Kusasi f Kusasi 0.9789 4.92E-01 + 0.9997

Gajah Mada 11 2003 12 5 5 5 5 4 − Kusasi − − − −
Goldie 10 2004 12 1 0 3 2 2 Ponorogo uf Kusasi♦ 0.9995 4.17E+00 * 0.0562

Toronto 11 2005 12 3 4 1 4 4 − Kusasi♦ − − − −
Reiner 11 2005 12 2 4 1 1 2 Sampson uf Kusasi♦ 0.9981 1.53E+00 + −
Nirvana 11 2005 12 4 4 3 1 3 − Kusasi♦ − − − −
Tiido 10 2006 12 1 7 4 3 0 − Kusasi♦/Win − − − −
Putri 11 2007 16 2 0 3 3 3 Ponorogo uf Tom 0.9997 8.69E+00 * 0.2182

Thor 11 2009 17 3 4 2 0 3 UK1 uk Tom 0.9999 9.63E+00 * 0.4883

‘Loci’ indicates the number of loci typed per offspring; ‘NC’ the number of candidate fathers tested for each offspring. Only candidate fathers who were
assigned paternities with either the exclusion or likelihood approach are included in columns in the matrix. Eight candidate offspring whose identities or
birth years could not be confirmed, and for whom paternities could not be inferred, are excluded from the table. Pe is exclusion probability as calculated in
CERVUS 3.0 using allele frequencies from all individuals; an asterisk (*) indicates that a given trio delta value meets the strict 95 % confidence level, +
indicates the relaxed 80 % confidence level. ‘Prob.’ is the probability that the parentage assignment is correct, as inferred by COLONY 2.0.5.7.
‘Dominant’ denotes the dominant male at the time of the offspring’s conception; two names indicate a transitory period in dominance. f denotes flanged
at the time of the offspring’s conception; uf denotes unflanged at the time of the offspring’s conception; uk denotes male morph unknown at the time of
the offspring’s conception, but flanged in 2011. A diamond (♦) denotes rank instability as a result of Kusasi’s ongoing and invasive veterinary treatment,
from 2003 to 2006. ‘−’denotes that no data are available, i.e. parentage was not inferred, or males were not considered as candidate fathers due to them
not being of reproductive age at the time of the offspring’s conception
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specifically identified at the time of sample collection
(Table 1). Ponorogo is a wild orang-utan who was unflanged
but of indeterminate age at the time of each offspring’s con-
ception. Sampson is the wild-born, second-generation off-
spring of an ex-captive, reintroduced female, who was
12 years of age at the time of Reiner’s conception. On three
occasions, Pan—the wild-born, first-generation offspring of
an ex-captive, reintroduced female—could not be excluded
as a father. However, given that Pan was inferred to be
Kusasi’s son, it is probable that the similarity of their geno-
types precluded Pan’s exclusion. In two of these cases, the
likelihood approach of both CERVUS and COLONY inferred
Kusasi to be the father of the offspring. Of the five candidate
fathers that were flanged at the time of sample collection, only
Kusasi achieved paternities. Non-dominant males were espe-
cially reproductively successful during periods of rank insta-
bility and towards the beginning and end of periods of
established dominance rank (Table 1).

When considering Kusasi’s nominal period of dominance
(1995–July 2006), paternity could be assigned for 65 % of
offspring (N=17). Nine were fathered by Kusasi (53 %), one
by Ponorogo (6 %), one by Sampson (6 %) and six by
unsampled males (35 %). Based on manual examination of
genotypes, the six offspring for which paternity could not be
inferred were fathered by numerous males and not by a single
rival to Kusasi.

Without the major veterinary intervention in June 2003,
Kusasi would likely have been unable to maintain reproduc-
tive or social dominance. It is therefore more appropriate to
consider the abbreviated period from 1995 to June 2003. Of
the 12 offspring conceived during this time period, Kusasi
fathered nine, while the remaining three were fathered by un-
known males. Thus, Kusasi fathered 75 % of all offspring
conceived during his period of unequivocal dominance
(1995–June 2003). Kusasi fathered only one of the six off-
spring sampled that were conceived prior to him becoming
dominant in 1995. He fathered none of the seven genotyped
offspring conceived after June 2003, subsequent to the veter-
inary intervention.

Discussion

Irrespective of the length of time that he was considered truly
‘dominant’, Kusasi fathered substantially more offspring than
any other male during his tenure as dominant male and sub-
stantially more than he did before or after his dominant period.
Although Kusasi fathered one of the six sampled offspring
conceived prior to him becoming the dominant male, he had
recently become flanged at the time of that offspring’s con-
ception. The lack of paternities achieved by Kusasi following
2003 can likely be attributed to his reduced efficacy as dom-
inant male, as the result of frequent human monitoring and

veterinary interventions that reduced his independence and
autonomy. During this period, Kusasi spent considerably
more time in the immediate vicinity of Camp Leakey’s build-
ings, was sometimes fed alone and individually and received
both antibiotics and topical medication for infected wounds on
his head and face: Such incidents became increasingly preva-
lent over time.

In contrast with earlier findings (Utami et al. 2002), there-
fore, our results indicate that this dominant flanged male
enjoyed greater reproductive success than his unflanged or
subordinate flanged conspecifics during his period of domi-
nance, within his home range. Our observation that multiple
males achieve paternities during periods of rank instability—
that is, towards the beginning and end of Kusasi’s dominant
period—supports prior findings (Utami et al. 2002) and is
probably the consequence of opportunistic mating in the ab-
sence of a dominant male. It is possible that unflanged males
achieved paternities in distant, unsampled areas of Kusasi’s
range, that are not represented in our study. Given that we
sampled comprehensively throughout his home range, and
far beyond this in the wider study area, however, it is thought
that most orang-utans that might live in Kusasi’s home range
are represented in this study. The number of individuals sam-
pled (45) differs from the contemporary population (60), as
4 years have elapsed since samples were last collected: Many
new infants have been born in this time that are not relevant to
our hypothesis. The difference also incorporates females
whose genotypes are equally unimportant, on the basis that
they were born—and gave birth to their offspring—many
years or decades prior to Kusasi becoming reproductively ac-
tive. Consequently, our results are not consistent with the ex-
pectations of prior hypotheses, such as that of ‘alternative
tactics’, in which the strategies of flanged (sit-and-wait) and
unflanged (go-and-search) male orang-utans are equally suc-
cessful reproductively (Utami et al. 2002). In contrast, our
evidence implies an evolutionarily stable strategy, in which
unflanged males simply bide their time until periods of rank
instability.

Our results also support theories of female choice.
Strategies that allow a female to choose their mate may be
especially important in orang-utans, given that their inter-
birth intervals are the longest of any mammalian species.
Females typically give birth once every 8 years (Galdikas
and Wood 1990) and rarely produce more than four offspring
in their lifetime (Galdikas 1981). Monopolization of fe-
males—and thus greater reproductive success—is commonly
thought to be a principal benefit of dominant status in males
(van Noordwijk and van Schaik 2004). However, in orang-
utans, it is impractical for dominant males to achieve this
independently (Utami Atmoko et al. 2009a). The semi-
solitary nature of orang-utans, combined with vast male home
ranges, severely inhibits a male’s ability to monitor females
outside of lengthy consortships (Galdikas 1985c). Simply
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finding females to monopolize, in the absence of female vo-
calizations, may potentially be challenging. While intra-
sexual selection is theoretically important—in the form of
increased body size, which equips a male to intimidate or
outcompete his rivals—it is not directly correlated to their
reproductive success, as male orang-utans with the largest
bodies are not certain to become dominant over their smaller
rivals. Consequently, we believe that it is more logical to as-
sume that Kusasi’s heightened reproductive success was ulti-
mately achieved through inter-sexual selection, in the form of
female preference for flanged males.

At Camp Leakey, female orang-utans are observed to cop-
ulate frequently with unflanged males: However, overall, we
report few conceptions. Such findings support those from oth-
er sites: Notably, that females in Gunung Palung National
Park were found to mate co-operatively with unflanged males
only when not ovulating and thus least likely to conceive
(Knott et al. 2010). As a lack of perineal swelling during
oestrus (Galdikas 1981) is presumed to create paternity con-
fusion, willingness of non-conceptive females to copulate
might facilitate relationships with unflanged males, in prepa-
ration for when they mature (Schürmann and van Hooff
1986). Nonetheless, limited evidence may also indicate that
unflangedmales more commonly achieve paternities with nul-
liparous females (Borneo G L Banes, unpublished data;
Sumatra Utami Atmoko et al. 2009a), whose first infants are
subject to higher mortality rates (Kuze et al. 2012). This might
explain observations of greater proceptive behaviour exhibit-
ed by nulliparous females to unflanged males, in contrast with
older, parous females (Schürmann 1982; Galdikas 1981,
1985b; Rodman andMitani 1987). It is not clear if this reflects
female choice—that parous females elect to conceive with
flanged males—or if flanged males prefer to invest in procre-
ating with parous, experienced females with proven reproduc-
tive abilities. Preference by dominant males for parous and
multiparous females has been observed in a wide range of
primate taxa (Anderson 1986). Notably, in multimale gorilla
groups, dominant males have been documented to mate more
frequently with cycling adult females, while subordinate
males achieve mating success primarily with female subadults
(Robbins 1999). It is further possible that apparent assortative
mating of flanged males with adult females and unflanged
males with adolescent, nulliparous females could be an emer-
gent property of male dominance, with flanged males seques-
tering the most valuable females (Utami Atmoko et al. 2009a).

It is possible that, among the many features distinguishing
flanged and unflanged males, cheek pads specifically may not
only be important in female choice but might also serve alter-
native or additional functions. Numerous studies have hypoth-
esized that these ornaments could play a role in auditory com-
munication (Short 1981; Galdikas 1983), but these theories
are yet to be empirically tested. Cheek pads might also facil-
itate olfactory communication, though extensive studies of

this hypothesis are yet to prove conclusive (T. E. Goodwin,
unpublished data). Indeed, it is difficult to comprehensively
address female choice in primates, given that so few exhibit
ornaments for which females might express preference. In
orang-utans, small sample sizes combine with the lack of ro-
bustness that often characterize studies of female choice.

It is possible that the reproductive behaviour of the orang-
utans at Camp Leakey may not be characteristic of their wild
conspecifics. Though the camp’s orang-utans comprise large-
ly wild-born individuals, descended from ex-captives
reintroduced in the 1970s, their circumstances are atypical.
Orang-utans at Camp Leakey continue to be provisioned up
to twice a day, and many interact with the human visitors and
staff that frequent the site. Furthermore, as evidenced by
Kusasi, numerous orang-utans have received medical treat-
ment for injuries that may have otherwise proved fatal. It is
therefore plausible that such human intervention has shaped
the social structure among orang-utans at Camp Leakey. In
particular, this may have influenced the identity and longevity
of the dominant male, although Kusasi was found to be sub-
stantially more reproductively successful even in advance of
his medical interventions. In spite of this, the majority of
orang-utans live fully independent lives, and all are free to
range into the forest whenever they choose to do so.
Notably, Kusasi elected to live independently of humans with-
in 24 h of his arrival at Camp Leakey as a juvenile, chose not
to participate in active rehabilitation and had no direct in-
volvement with human caregivers—aside from provisioning
later in life—until the medical interventions documented in
this study, long after becoming dominant male. Indeed, the
majority of orang-utans do not interact with humans, do not
attend daily feedings and may disappear for extended periods
without returning to the site. Consequently, Camp Leakey’s
orang-utans exhibit behaviour close to that of wild popula-
tions, to the fullest possible extent.

Though our paternity data are few, this research represents
the largest longitudinal orang-utan paternity study to be con-
ducted to date, in situ, in a single population. Given the slow
demographic histories of orang-utans, further monitoring and
genetic studies will be needed at Camp Leakey over the very
long term in order to provide new information on male repro-
ductive competition and female choice. This hypothesis might
then be revisited, to determine if Tom—the incumbent domi-
nant male—enjoys comparably significant reproductive
success.

Acknowledgments We thank the Indonesian State Ministry of Re-
search and Technology (RISTEK), the Indonesian State Ministry of For-
estry (PHKA), the Indonesian Institute of Sciences (LIPI), the Indonesian
Natural Resource Conservation Agency (BKSDA) and the Tanjung
Puting National Park Office (BTNTP) for granting their permission to
undertake this research and to our formal counterpart, S. H. Limin of
CIMTROP at Universitas Palangka Raya, for his generous support of this
work.We are indebted to A. E. Leiman OBE, S. Brend, P. A. Racey, S. B.

Behav Ecol Sociobiol



Piertney and L. Howe who were instrumental to facilitating this research;
to D. Rachmawan, J. R. Houslay, L. E. Koslowski, E. Tan and the Indo-
nesian assistants who assisted with sample collection; to G. L. Shapiro, A.
E. Russon and R. Garriga for their data on Kusasi’s history and to R. J.
Turton, M. Arandjelovic and V. Städele for assistance with analyses. We
thank the Los Angeles Zoo and Botanical Gardens, Como Park Zoo and
Conservatory and Henry Vilas Zoo (all USA) for providing biomaterials
from their orang-utans for use in developing the multiplex procedure,
following approval by recommendation from the Orangutan Species Sur-
vival Plan (SSP). We are grateful for the comments of M. A. van
Noordwijk and two anonymous reviewers, which greatly improved this
manuscript.

Funding This work was supported by the University of Aberdeen
(UoA) Expedition Fund; UoA Small Grants Fund; UoA Alumni
Annual Fund; the John Reid Trust; the Royal Geographical Society with
Institute of British Geographers; the Royal Scottish Geographical
Society; the Gilchrist Educational Trust; the Orangutan Foundation UK;
the North of England Zoological Society at Chester Zoo; Darwin College,
University of Cambridge; the Primate Society of Great Britain Charles A
Lockwood Memorial Grant; the ARCUS Foundation; the Leverhulme
Centre for Human Evolutionary Studies, University of Cambridge; the
Miss Millie Foundation; Henry Vilas Zoo; The Orang-utan Conservation
Genetics Trust and the Max Planck Society. GLB was supported by the
Orang Utan Republik Foundation through the 2012 LP Jenkins Memorial
Fellowship and by the German Academic Exchange Service (DAAD).
The long-term research conducted at Camp Leakey, which facilitated this
genetic study, was primarily funded by the Orangutan Foundation
International.

Compliance with ethical standards All applicable international, na-
tional and/or institutional guidelines for the care and use of animals were
followed. Biological samples were exported from the Republic of
Indonesia and from the United States of America to the European
Union, via the United Kingdom, with permits 14459/IV/SATS-LN/
2008, 00459/IV/SATS-LN/2011, 11US49805A/9 and 477248/01-27 un-
der the Convention on International Trade in Endangered Species ofWild
Fauna and Flora (CITES). All experiments described herein comply with
the current laws of the countries in which they were performed. The
authors declare that they have no conflict of interest.

References

Alexander RD, Hoogland JL, Howard RD, Noonan KM, Sherman PW
(1979) Sexual dimorphism and breeding systems in pinnipeds, un-
gulates, primates, and humans. In: Chagnon NA, Irons W (eds)
Evolutionary biology and human social behavior: an anthropologi-
cal perspective. Duxbury Press, North Scituate, pp 402–435

Anderson CM (1986) Female age: male preference and reproductive suc-
cess in primates. Int J Primatol 7:305–326

Arandjelovic M, Guschanski K, Schubert G, Harris TR, Thalmann O,
Siedel H, Vigilant L (2009) Two-step multiplex polymerase chain
reaction improves the speed and accuracy of genotyping using DNA
from noninvasive and museum samples. Mol Ecol Resour 9:28–36

Brandt EM, Mitchell G (1971) Parturition in primates: behavior related to
birth. In: Rosenblum LA (ed) Primate behavior: developments in field
and laboratory research, 2. Academic Press, New York, pp 178–223

Clutton-Brock TH (1985) Size, sexual dimorphism, and polygyny in
primates. In: Jungers WL (ed) Size and scaling in primate biology.
Plenum Press, New York, pp 51–60

Delgado RA, van Schaik CP (2000) The behavioral ecology and conser-
vation of the orangutan (Pongo pygmaeus): a tale of two islands.
Evol Anthropol 9:201–218

Di Fiore A (2005) A rapid genetic method for sex assignment in non-
human primates. Conserv Genet 6:1053–1058

Dunkel LP, Arora N, van Noordwijk MA, Utami Atmoko SS, Putra AP,
KrützenM, van Schaik CP (2013) Variation in developmental arrest
among male orangutans: a comparison between a Sumatran and a
Bornean population. Front Zool 10:12

Emery Thompson M, Zhou A, Knott CD (2012) Low testosterone corre-
lates with delayed development in male orangutans. PLoS One 7,
e47282

Fox E (2002) Female tactics to reduce sexual harassment in the Sumatran
orangutan (Pongo pygmaeus abelii). Behav Ecol Sociobiol 52:93–
101

Galdikas BMF (1978) Orangutan adaptation at Tanjung Puting Reserve,
Central Borneo. PhD thesis, University of California, Los Angeles

Galdikas BMF (1981) Orangutan reproduction in the wild. In: Graham
CE (ed) Reproductive Biology of the Great Apes. Academic Press,
New York, pp 281–300

Galdikas BMF (1983) The orangutan long call and snag crashing at
Tanjung Puting Reserve. Primates 24:371–384

Galdikas BMF (1985a) Orangutan sociality at Tanjung Puting. Am J
Primatol 9:101–119

Galdikas BMF (1985b) Subadult male orangutan sociality and reproduc-
tive behavior at Tanjung Puting. Am J Primatol 8:87–99

Galdikas BMF (1985c) Adult male sociality and reproductive tactics
among orangutans at Tanjung Puting. Folia Primatol 45:9–24

Galdikas BM, Ashbury A (2013) Reproductive parameters of female
orangutans (Pongo pygmaeus wurmbii) 1971–2011, a 40-year study
at Tanjung Puting National Park, Central Kalimantan, Indonesia.
Primates 54:61–72

Galdikas BMF, Wood JW (1990) Birth spacing patterns in humans and
apes. Am J Phys Anthropol 83:185–191

Gerald MS (2001) Primate colour predicts social status and aggressive
outcome. Anim Behav 61:559–566

Goossens B, Setchell JM, James SS, Funk SM, Chikhi L, Abulani A,
Ancrenaz M, Lackman-Ancrenaz I, Bruford MW (2006) Philopatry
and reproductive success in Bornean orang-utans (Pongo
pygmaeus). Mol Ecol 15:2577–2588

Harrison ME, Chivers DJ (2007) The orang-utan mating system and the
unflanged male: a product of increased food stress during the late
Miocene and Pliocene? J Hum Evol 52:275–293

Jones OR,Wang J (2010) COLONY: a program for parentage and sibship
inference from multilocus genotype data. Mol Ecol Resour 10:551–
555

Kalinowski ST, Taper ML, Marshall TC (2007) Revising how the com-
puter program CERVUS accommodates genotyping error increases
success in paternity assignment. Mol Ecol 16:1099–1106

Kanthaswamy S, Smith DG (2002) Population subdivision and gene flow
among wild orangutans. Primates 43:315–327

Kingsley S (1982) Causes of non-breeding and the development of sec-
ondary sexual characteristics in the male orang-utan: a hormonal
study. In: de Boer LM (ed) The orang-utan, its biology and conser-
vation. Junk, Den Haag, pp 215–229

Knott CD (2009) Orangutans: sexual coercion without sexual violence.
In: Muller MN, Wrangham RW (eds) Sexual coercion in primates:
an evolutionary perspective on male aggression against females.
Harvard University Press, Cambridge, pp 81–111

Knott CD, Emery Thompson M, Stumpf RM, McIntyre MH (2010)
Female reproductive strategies in orangutans, evidence for female
choice and counterstrategies to infanticide in a species with frequent
sexual coercion. Proc R Soc Lond B 277:105–113

Kuze N, Dellatore D, Banes GL, Pratje P, Tajima T, Russon AE (2012)
Factors affecting reproduction in rehabilitant female orangutans:
young age at first birth and short inter-birth interval. Primates 53:
181–192

Leigh SR, Shea BT (1995) Ontogeny and the evolution of adult body size
dimorphism in apes. Am J Primatol 36:37–60

Behav Ecol Sociobiol



Lewis RJ, van Schaik CP (2007) Bimorphism in male Verreaux’s sifaka
in the Kirindy Forest of Madagascar. Int J Primatol 28:159–182

Locke DP, Hillier LW, Warren WC et al (2011) Comparative and demo-
graphic analysis of orang-utan genomes. Nature 469:529–533

MacKinnon JR (1974) The behaviour and ecology of wild orang-utans
(Pongo pygmaeus). Anim Behav 22:3–74

MacKinnon JR (1979) Reproductive behavior in wild orangutan popula-
tions. In: Hamburg DA, McCown ER (eds) The great apes.
Benjamin/Cummings, Menlo Park, pp 256–273

Maggioncalda AN, Sapolsky RM, Czekala NM (1999) Reproductive
hormone profiles in captive male orangutans: implications for un-
derstanding developmental arrest. Am J Phys Anthropol 109:19–32

Maggioncalda AN, Czekala NM, Sapolsky RM (2000) Growth hormone
and thyroid stimulating hormone concentrations in captive male
orangutans: implications for understanding developmental arrest.
Am J Primatol 50:67–76

Maggioncalda AN, Czekala NM, Sapolsky RM (2002) Male orangutan
subadulthood: a new twist on the relationship between chronic stress
and developmental arrest. Am J Phys Anthropol 118:25–32

Markham R, Groves CP (1990) Weights of wild orang utans. Am J Phys
Anthropol 81:1–3

Mitani JC, Gros-Louis J, Richards AF (1996) Sexual dimorphism, the
operational sex ratio, and the intensity of male competition in po-
lygynous primates. Am Nat 147:966–980

Mitra Setia T, van Schaik CP (2007) The response of adult orang-utans to
flanged male long calls: inferences about their function. Folia
Primatol 78:215–226

Morin PA, Chambers KE, Boesch C, Vigilant L (2001) Quantitative po-
lymerase chain reaction analysis of DNA from noninvasive samples
for accurate microsatellite genotyping of wild chimpanzees (Pan
troglodytes verus). Mol Ecol 10:1835–1844

Nietlisbach P, Nater A, Greminger MP, Arora N, Krützen M (2010) A
multiplex-system to target 16male-specific and 15 autosomal genet-
ic markers for orangutans (genus: Pongo). Conserv Genet Res 2:
153–158

Nsubuga AM, Robbins MM, Roeder AD, Morin PA, Boesch C, Vigilant
L (2004) Factors affecting the amount of genomic DNA extracted
from ape faeces and the identification of an improved sample storage
method. Mol Ecol 13:2089–2094

Porton I (1997) Birth control options. In: Sodaro C (ed) Orangutan spe-
cies survival plan husbandry manual. Chicago Zoological Society,
Brookfield

Robbins MM (1999) Male mating patterns in wild multimale mountain
gorilla groups. Anim Behav 57:1013–1020

Rodman PS, Mitani JC (1987) Orangutans: sexual dimorphism in a sol-
itary species. In: Smuts BB, Cheney DL, Seyfarth RM, Wrangham
RW, Struhsaker TT (eds) Primate societies. University of Chicago
Press, Chicago, pp 146–154

Rousset F (2008) GENEPOP’007: a complete re-implementation of the
GENEPOP software for Windows and Linux. Mol Ecol Resour 8:
103–106

Schürmann CL (1982) Mating behaviour of wild orang utans. In: de Boer
LM (ed) The orang-utan, its biology and conservation. Junk, Den
Haag, pp 269–284

Schürmann CL, van Hooff JARAM (1986) Reproductive strategies of the
orang-utan: new data and a reconsideration of existing sociosexual
models. Int J Primatol 7:265–287

Setchell JM, Dixson AF (2001) Changes in the secondary sexual adorn-
ments of male mandrills (Mandrillus sphinx) are associated with
gain and loss of alpha status. Horm Behav 39:177–184

Short RV (1981) Sexual selection in man and the great apes. In: Graham
CE (ed) Reproductive Biology of the Great Apes. Academic,
London, pp 319–341

Singleton I, Wich SA, Husson S, Stephens S, Utami-Atmoko SS,
Leighton M, Rosen N, Traylor-Holzer K, Lacy R, Byers O (2004)
Orangutan population and habitat viability assessment: final report.
IUCN SSC Conservation Breeding Specialist Group, Apple Valley

Slate J, Pemberton JM (2007) Admixture and patterns of linkage disequi-
librium in a free-living vertebrate population. J Evol Biol 20:1415–
1427

Utami Atmoko S, van Hooff JARAM (2004) Alternative male reproduc-
tive strategies: male bimaturism in orangutans. In: Kappeler PM,
van Schaik CP (eds) Sexual selection in primates: new and compar-
ative perspectives. Cambridge University Press, Cambridge, pp
196–207

Utami Atmoko SS, Mitra Setia T, Goossens B, James SS, Knott CD,
Morrogh-Bernard HC, van Schaik CP, van Noordwijk MA
(2009a) Orangutan mating behavior and strategies. In: Wich SA,
Utami Atmoko SS, Mitra Setia T, van Schaik CP (eds)
Orangutans: geographic variation in behavioral ecology and conser-
vation. Oxford University Press, Oxford, pp 235–244

Utami Atmoko SS, Singleton I, van Noordwijk MA, van Schaik CP,
Mitra Setia T (2009b) Male-male relationships in orangutans. In:
Wich SA, Utami Atmoko SS, Mitra Setia T, van Schaik CP (eds)
Orangutans: geographic variation in behavioral ecology and conser-
vation. Oxford University Press, Oxford, pp 225–234

Utami SS, Goossens B, Bruford MW, de Ruiter JR, van Hooff JARAM
(2002) Male bimaturism and reproductive success in Sumatran
orang-utans. Behav Ecol 13:643–652

Vallet D, Petit E, Gatti S, Levréro F,MénardN (2008) A new 2CTAB/PCI
method improves DNA amplification success from faeces of
Mediterranean (Barbary macaques) and tropical (lowland gorillas)
primates. Conserv Genet 9:677–680

van Hooff JARAM (1995) The orangutan: a social outsider and a social-
ecology test case. In: Nadler RD, Galdikas BMF, Sheeran LK,
Rosen N (eds) The neglected ape. Plenum Press, New York, pp
153–162

van Noordwijk MA, van Schaik CP (2004) Sexual selection and the
careers of primate males: paternity concentration, dominance acqui-
sition tactics and transfer decisions. In: Kappeler PM, van Schaik CP
(eds) Sexual selection in primates: a comparative perspective.
Cambridge University Press, Cambridge, pp 208–229

van Noordwijk MA, Arora N, Willems EP, Dunkel LP, Amda RN,
Mardianah N, Ackermann C, Krützen M, van Schaik CP (2012)
Female philopatry and its social benefits among Bornean orangu-
tans. Behav Ecol Sociobiol 66:823–834

van Oosterhout C, Hutchinson WF, Wills DPM, Shipley P (2004)
MICRO-CHECKER: software for identifying and correcting
genotyping errors in microsatellite data. Mol Ecol Notes 4:535–538

van Schaik CP, van Hooff JARAM (1996) Toward an understanding of
the orangutan’s social system. In: McGrewW, Nishida T (eds) Great
Ape Societies. Cambridge University Press, Cambridge, pp 3–15

Waits L, Luikart G, Taberlet P (2001) Estimating the probability of iden-
tity among genotypes in natural populations: cautions and guide-
lines. Mol Ecol 10:249–256

Weckerly F (1998) Sexual-size dimorphism: influence of mass and mat-
ing systems in the most dimorphic mammals. J Mammal 79:33–52

Wickings EJ, Bossi T, Dixson AF (1993) Reproductive success in the
mandrill, Mandrillus sphinx: correlations of male dominance and
mating success with paternity, as determined by DNA fingerprint-
ing. J Zool 231:563–574

Yeager CP (1997) Orangutan rehabilitation in Tanjung Puting National
Park, Indonesia. Conserv Biol 11:802–805

Zhang Y, Morin PA, Ryder OA, Zhang Y (2001) A set of human tri-and
tetra nucleotide microsatellite loci useful for population analyses in
gorillas (Gorilla gorilla gorilla) and orangutans (Pongo pygmaeus).
Conserv Genet 2:391–395

Behav Ecol Sociobiol


	Male orang-utan bimaturism and reproductive success at Camp Leakey in Tanjung Puting National Park, Indonesia
	Abstract
	Introduction
	Materials and methods
	Study site and population
	Sample collection
	Genotyping and parentage analyses
	Length of dominant period

	Results
	Discussion
	References




