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"The struggle for wealth ... has been accompanied by a reckless
destruction of the stored-up products of nature, which is even more
deplorable because more irretrievable. Not only have forest-growths of
many hundreds of years been cleared away, often with disastrous
consequences, but the whole of the mineral treasures of the earth's
surface, the slow products of long-past eons of time and geological
change, have been and are still being exhausted, to an extent never
before approached, and probably not equalled in amount during the
whole preceding period of human history."

From Wallace's 1898 book
The Wonderful Century; Its Successes and Its Failures.
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PREFACE

The work described in this thesis was conducted from the Wildlife Research Group, in the
Anatomy School, University of Cambridge, under the supervision of Dr David J. Chivers.
This thesis is the result of my own research and includes nothing that is the outcome of work
done in collaboration, except where specifically indicated in the text. No part of this thesis
has been submitted to this or any other university for any degree or diploma. The text does
not exceed 60,000 words (excluding figures, references and appendices).

Benjamin J. W. Buckley
Cambridge, December 2014
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SUMMARY

More than four decades have passed since the first studies of orang-utan behaviour, but the
orang-utan’s non-gregarious and cryptic nature has inhibited the collection of vital
information pertinent to understanding the orang-utan’s complex social system, particularly
regarding male ranging behaviour: no reliable estimate of male orang-utan range size has
been established and little is known of their long-term movements, particularly regarding
dispersal, site fidelity or the influence of social factors on ranging behaviour.
Using long-term behavioural and spatial data, accumulated from follows of focal-male orangutans of the Sabangau population between 2003-2012, it was possible to explore which
factors influence male behaviour, with specific reference to male ranging, reproductive
strategy and social rank. Furthermore, analysis of genetic material, collected non-invasively
from orang-utans across ca.20,000 hectares of continuous forest, enabled clarification of
relatedness and dispersal patterns within this population. Together, these three approaches
combine to represent the most extensive data-set available to date from a single site.
Day ranges of male orang-utans in Sabangau were longer than any reported from other
research sites. The marked physical differences and alternative mating strategies of flanged
and unflanged males, of “sit, call and wait” versus “seek and rape”, were reflected in their
day-ranging behaviour: unflanged males travelled further each day than flanged males,
flanged males travelled less when females were sexually receptive. All males travelled
further when they associated with females, but travel distances were not affected by
ecological factors (fruiting patterns or seasonality).
The mean home range of flanged male orang-utans in Sabangau was 1900 ha (range: 1100–
4050 ha), and that of unflanged males was 2000 ha (range: 1770–2260 ha); these estimates
were larger than any reported from Borneo and comparable to the largest estimates from
Sumatra. There was a high degree of overlap between male home ranges, but range avoidance
occurred between rival dominant males at times.

xiii

Summary
Results of genetic analyses confirmed the conclusions of previous studies, that males are the
dispersing sex in Bornean orang-utans, while females are philopatric. From these data, it was
possible to determine that males in this population disperse after achieving sexual maturity,
but before developing their flanges, i.e. while they are unflanged adult males, but the timing
of dispersal within this window seems to vary considerably between individuals. From
analysis of samples collected at multiple sub-sites, it seems that male dispersal distance could
be at least 12km, and that male orang-utans may engage in secondary dispersal later in life.
Unlike reports from Sumatra, no single male was dominant in the area for a prolonged period;
rather, tenure of dominance appeared to be between six months and two years. Dominant and
transient males spent longer in association with females and engaged in more matings than
other classes of flanged male; thus, transient ranging may be an alternative reproductive tactic
for flanged males. I elucidated that, in addition to the proposed roles of the long call in male
spacing and female attraction, it can also extend the length of the male-female association.
This information is important, not only to understand better the social system of orang-utans,
but also when devising conservation plans to ensure the survival of this species, as the spatial
needs of both individuals and populations must be considered. The Sabangau ecosystem
represents the largest remaining area of lowland forest on the island of Borneo and holds the
largest population of orang-utans in the world. If the current trends of forest destruction and
population decline continue to persist throughout Sumatra and Borneo, this forest area, and
the orang-utan population within it, are vital to ensuring the long-term survival of the species.
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1 GENERAL INTRODUCTION
1.1 THE ORANG-UTAN
The orang-utan, a name derived from the Malay language meaning ‘person of the forest’
survives only in the tropical forests of the islands of Borneo and Sumatra in South-East Asia.
This Asian ape is the last extant great ape species living outside Africa (besides humans) and,
unlike the chimpanzee (Pan troglodytes), bonobo (Pan paniscus) or gorilla (Gorilla gorilla
and G. beringei), the orang-utan is almost totally arboreal; the largest of all arboreal living
mammals (Rodman and Mitani, 1987). The orang-utan’s arboreal lifestyle, however, and
reliance on the tropical rainforest has meant that this species is particularly vulnerable to
extinction from habitat destruction.
Unfortunately, lowland rainforest habitat continues to be destroyed at a disturbing rate as the
modern-day high demand for palm-oil products, biofuel and timber continues to drive
extensive forest conversion and loss. The orang-utan’s plight over the last few decades has
received considerable media coverage, as these lowland rainforest areas, in which orang-utan
populations are restricted, are converted into large-scale agricultural monoculture. This has
resulted in an huge decline in the orang-utan populations on Sumatra (Singleton et al., 2008)
and Borneo (Ancrenaz et al., 2008) and led to both species’ inclusion on the IUCN Red List
(IUCN, 2013) classified as Critically Endangered and Endangered, respectively.
The first study of wild orang-utans was in 1937 as part of a month-long wider survey of
wildlife in Aceh, northern Sumatra by Carpenter (1938). Then, in the 1950s, Milton carried
out a similarly-short study, following up on Carpenter’s work, assessing the status of orangutans and rhinoceros in northern Sumatra (Milton, 1964). Brief studies on Borneo, Stott and
Selsor’s (1961) three-week trip to North Borneo (Sabah) and George Schaller’s short study in
Sarawak (Schaller, 1961), were also surveys, assessing the population status of orang-utans in
the area. These early trips provided information on orang-utan population composition and
structure, foods and nesting, but revealed little about the behaviour of orang-utans, besides
their reaction to humans and their style of locomotion in the trees (MacKinnon, 1974).
Following these early surveys, Davenport (1965) carried out nine months of ecological
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studies and surveys in Sabah, and in this time he found 16 individuals and, on several
occasions, he was able to make behavioural observations for long periods (Davenport, 1967).
The first long-term study of wild orang-utan behaviour was initiated by David Horr in Sabah
between 1967 and 1969 (Horr, 1975). This initial study was followed by John MacKinnon at
Ulu Segama, Sabah (1968-1970), Birutė Galdikas in Tanjung Puting, Central Kalimantan
(1971 onwards) and Herman Rijksen’s study at Ketambe, Sumatra (1971-1974). Since then
there have been long-term field studies at a total of nine sites across Borneo (Kutai, Tanjung
Puting, Gunung Palung, Sabangau, Tuanan, Kinabatangan, and Ulu Segama) and Sumatra
(Ketambe, Suaq Balimbing).
Despite the number of studies that have taken place, many aspects of orang-utan behaviour
still remain poorly understood, restricted by the orang-utan’s low population densities, semisolitary nature, arboreal habits, long life histories and large home ranges (Rijksen and
Meijaard, 1999; Delgado and van Schaik, 2000). Because of these difficulties in data
collection, there is less documented information on the behavioural ecology of the orang-utan
in comparison to the African ape species that have been studied for a similar duration
(chimpanzees and some gorilla sub-species).

1.1.1

TAXONOMY

The orang-utan belongs to the family Hominidae, which includes all the great apes: the
chimpanzee (Pan troglodytes), bonobo (Pan paniscus), gorilla (Gorilla gorilla and G.
beringei) and, of course, humans (Homo sapiens sapiens). Traditionally, Pongidae was used
to describe orang-utans, chimpanzees and gorillas, separate from Hominidae containing all
genera of the known Homo lineage; later, the great apes were placed in a sub-family,
Ponginae, within Hominidae. More recently, with the advent of molecular anthropology,
Hominidae has been re-classified and split into two sub-families: Ponginae, containing the
orang-utan, separated from the Homininae, which comprise the remaining great apes. The
known assemblage of extinct genera is divided between these two sub-families.
Until the 1990s, Sumatran and Bornean orang-utans were thought to be one species with two
subspecies: Pongo pygmaeus pygmaeus (Linnaeus, 1760) in Borneo, and Pongo pygmaeus
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abelii (Lesson, 1827) in Sumatra. With advances in genetic procedures, analysis of orangutan mitochondrial DNA (Xu and Arnason, 1996; Zhi et al., 1996), followed by study of
cranial morphology (Groves, 1999) and much scientific discussion, two different species are
now recognised: in Sumatra, Pongo abelii and in Borneo, Pongo pygmaeus (Groves, 2001;
Warren et al., 2001; Zhang et al., 2001), although there is still some dispute regarding this reclassification (see Muir et al., 1998). The genetic variation between the two island lineages
has been found to be even greater than that between the chimpanzee and the bonobo (Fischer
et al., 2006) and even horse and donkey (Zhang et al., 2001). The case for two species has
been strengthened further by recent meta-analysis estimates that these two species diverged
ca. 2.7 -5 million years ago (Steiper, 2006), a date long before the islands separated and long
enough ago to allow species-level differentiation (Zhi et al., 1996; Harrison et al., 2006).
Based on further genetic and morphological analysis it is also generally agreed that, within
the Bornean species, there are three sub-species: Pongo p. pygmaeus found north of the
Kapuas River in north-west Kalimantan and Sarawak; Pongo p. morio found north-east of
the Mahakam River in northern Kalimantan and Sabah; and Pongo p. wurmbii found south of
the Kapuas River and west of the Barito River in the south-west and central region of
Kalimantan (Groves, 2001; Warren et al., 2001; Taylor, 2006; Arora et al., 2010).

In

Sumatra, there is just the one species, Pongo abelii, recognised at present. This classification
is widely accepted and used by the IUCN (Singleton et al., 2008).

1.1.2

MORPHOLOGY

Orang-utans exhibit several rare morphological traits among the primates: (1) extreme sexual
dimorphism, in terms of body weight between sexes, and (2) the presence of two highlydimorphic sexually-active male forms, in which the unflanged morph may arrest the
permanent onset of secondary sexual characteristics or “flanging” for many years (Utami et
al., 2002): the starkest example of bimaturism exhibited by any primate species. Sexual
dimorphism occurs as male orang-utans continue growing, well after the age at which
females stop growing (Utami Atmoko et al., 2009a) and is more pronounced in species in
which there is a high degree of male-male competition (Mitani et al., 1996; Plavcan and van
Schaik, 1997; Plavcan, 2001). Fully-developed adult males can weigh up to 91kg, but on
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average ca. 86.3kg, and females usually weigh around half of that at ca. 38.7kg (Markham
and Groves, 1990). “Unflanged” males, which are sexually-mature adults lacking secondary
sexual characteristics, but capable of siring offspring, are the same size as females (Galdikas,
1985; Maggioncalda et al., 1999; Utami et al., 2002).
The fully-developed flanged male exhibits large plate-like cheek pads (flanges) and a large
pendulous throat sac to enable loud long calls to resonate through the forest and advertise
their presence (Rodman, 1973; MacKinnon, 1974; Rijksen, 1978; Mitani, 1985d; Mitra Setia
and van Schaik, 2007; Lameira and Wich, 2008). This marked bimaturism among sexuallymature adult males is thought to represent two alternative reproductive strategies: “going,
searching, and finding” for unflanged males; versus “sitting calling and waiting” for flanged
males (Utami Atmoko and van Hooff, 2004). Genetic studies in both Sumatra (Utami et al.,
2002) and Sabah, Borneo (P. p. morio; Goossens et al., 2006) have shown that both
unflanged and flanged individuals achieved paternity. All flanged males are dominant over
unflanged males, but range overlap is tolerated (Galdikas, 1985). The largest of the flanged
adult males are generally considered to be the most dominant and it is understood that the
development of other mature, but unflanged, males is suppressed by the presence of a
dominant male in an area (Kingsley, 1982; Maggioncalda et al., 1999). This developmental
arrest, however, could be more pronounced in the Sumatran population as the proportion of
flanged to unflanged individuals is much higher in most populations of the Bornean species
and many more unflanged males were observed to flange at a Bornean site (Tuanan) than a
Sumatran site (Suaq Balimbing) over an identical study period (Dunkel et al., 2013).
Between the two orang-utan species, there are several morphological differences, Sumatran
orang-utans having a generally thinner, more gracile physique, and a much paler orange/red
coat than the Bornean species. The Sumatran orang-utans also have longer, oval faces,
“golden” opposed to brown-coloured eyes, and both sexes have long beards and yellow facial
hair or a “goatee”. Sumatran adult males’ cheek flanges are triangular and smooth, covered
with fine, white hair in contrast to the Bornean flanged males which have rectangular, uneven
cheek pads and tend to have less facial hair and a larger pendulous throat pouch (MacKinnon,
1975; Courtenay et al., 1988; Caldecott and McConkey, 2005; Goossens et al., 2009).
As well as these morphological differences, there are several behavioural differences,
including diet, sociality and life history (Wich et al., 2004). It has been proposed that these
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differences are a direct consequence of reduced fruit availability and an increased frequency
of periods of severe fruit scarcity from west to east in Borneo (van Schaik et al., 2009).

1.2 DISTRIBUTION
1.2.1

HISTORIC RANGE

There is evidence that orang-utans Pongo spp. were distributed extensively across South-east
Asia in the Early Pleistocene era (2.5 – 0.78 Mya), inhabiting areas in Southern China,
Vietnam and Northern India, with a distribution spanning as far as the Tropic of Cancer in the
north, throughout the area which would become the present day Malay Peninsula, reaching to
the islands of Sumatra, Borneo and Java in the south (von Koenigswald, 1982; Rijksen and
Meijaard, 1999; Jablonski et al., 2000; Bacon and Long, 2001; Caldecott and McConkey,
2005). Today, this range has decreased dramatically as the orang-utan is now only found in
the remaining forest in northern Sumatra and across fragmented forest blocks on Borneo (von
Koenigswald, 1982; Singleton et al., 2004; Harrison et al., 2006).
The most likely cause for this major decline in orang-utan distribution was the climatic
fluctuations in the Middle and Late Pleistocene, resulting in the contraction of tropical
rainforest areas in the most northern reaches of this historic range (Jablonski et al., 2000).
The limited food availability in the dryer and more seasonally-variable habitat, and the
inability of Pongo to adapt to other food sources, inevitably meant that individuals could no
longer procure enough high-energy food sources to support their relatively large body size
and eventually led to local extinction and range reduction (Jablonski et al., 2000; Harrison et
al., 2006).
Further extinctions from the Malay peninsula and also Java, occurred in the Early Holocene
(11,700 Ya - Present), probably as a result of hunting pressures from early hunter-gatherers
(Delgado and van Schaik, 2000). Harrison et al. (2002) hypothesises that orang-utan
populations only survived on Borneo and Sumatra due to the low human population densities
on these islands (until the onset of agricultural practices enabled exploitation of these forests)
and, as a consequence, the orang-utan’s more specialised arboreality on these two islands
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kept them away from hominin populations. Nevertheless, more recently it is likely that
hunting by humans has also had a significant impact on the current distribution of orangutans on Borneo and Sumatra, as current populations correlate with areas in which local
taboo or religion forbids people to hunt orang-utans (van Schaik et al., 2001).

1.2.2

CURRENT DISTRIBUTION

In Sumatra, orang-utans are restricted to five dry-land forest and three peat-swamp forest
blocks to the north and west of Lake Toba, and another two dry-land forest blocks to the
south of Lake Toba, all in the northern part of the island (Wich et al., 2008; Figure 1.1). It is
thought that orang-utans are not found further south as a result of many hundreds of years of
hunting pressure (McConkey, 2005). Most viable populations of orang-utans are found in the
province of Nanggroe Aceh Darussalam (Aceh) situated around the 25,000km2 Leuser
Ecosystem and principally within the coastal swamps and central lowland forest of the Alas
Valley (Rijksen and Meijaard, 1999). The Leuser ecosystem extends over 75% of the current
Sumatran orang-utan distribution, and contains ca. 91% of the island’s population (Wich et
al., 2008); much of this ecosystem is protected as the Gunung Leuser National Park. Another
important orang-utan population is that of the Batang Toru area just south of Lake Toba
(Wich et al., 2008).
The fertile volcanic soils of Sumatra support high densities of tree species favoured by orangutans, such as large strangling figs and, consequently, orang-utan densities can reach five or
six individuals/km2 (van Schaik et al., 2001). Populations are mainly found within lowland
areas below 1000m above sea level (asl), although some areas of higher altitude sustain
orang-utan populations, but at much lower densities. Djojosudharmo and van Schaik (1992)
found orang-utan densities above 1,200m asl to be less than 10% of those in the lowlands and
few orang-utans living above 1,500m asl. In Sumatra, forest conversion and illegal logging
have reduced the total population from ca. 12,000 individuals in 1993 (van Schaik et al.,
2001) to ca. 6,624 individuals in the most recent estimate (Wich et al., 2008); accordingly,
this species is classed as Critically Endangered by the IUCN (Singleton et al., 2008).
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Figure 1.1: The distribution of wild orang-utans on Borneo and Sumatra, with the different
species/subspecies highlighted. Data from World Database of Protected Areas.

The orang-utan population within Borneo is scattered over ca. 306 fragmented and
increasingly-isolated forest blocks (Wich et al., 2008) and populations or individual orangutans are rarely found above 500m asl (Rijksen and Meijaard, 1999). Of the populations
within these forest fragments, only 32 are thought to have populations of at least 250
individuals, the figure deemed to be the minimum required for a viable population in the
2004 orang-utan population and habitat viability assessment (Singleton et al., 2004). Of these
viable populations, only 17 are thought to support a population of 1,000 or more individuals
(Husson et al., 2009). These populations are spread across the island, which is divided
between three countries: Malaysia (Sabah and Sarawak), Indonesia (Kalimantan) and the
Sultanate of Brunei Darussalam, although populations of orang-utans are absent from Brunei.
The forests of Borneo are less productive than those of Sumatra (Marshall et al., 2009; Wich
et al., 2012) and can support orang-utans at much lower densities, typically 1-4
individuals/km2 (Horr, 1975; Russon et al., 2001; Morrogh-Bernard et al., 2003; Felton et al.,
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2003; Johnson et al., 2005). Orang-utans are found predominantly in lowland peat-swamp
forest; dry lowland and hill dipterocarp-dominated forest; and in river valleys containing
freshwater swamp and alluvial forest habitats within Borneo (Husson et al., 2009). Other
areas, such as limestone-karst, heath forest or mangrove forest can also support orang-utans,
but at much lower densities (Husson et al., 2009).
From data collected across sites, the current total population of Pongo pygmaeus is thought to
be 54,000 individuals (Singleton et al., 2004). P. p. pygmaeus is the most highly-threatened
subspecies, with only 3,000-4,000 individuals surviving in areas of north-west Borneo,
straddling the border with Sarawak. The populations of the Lanjak Entimau and Betung
Kerihun protected areas are the most important of populations, containing at least 1,000
individuals (Wich et al., 2008) and there are only two other areas with viable populations
over 250 individuals (Ancrenaz, 2006). P.p. morio survives in the Malaysian state of Sabah
(ca. 11,000) and Indonesian East Kalimantan (ca. 4,800) with only the Kelai watershed
containing a major population over 1000 individuals in East Kalimantan and three other areas
with populations over 250 individuals. In Sabah, the largest population of P.p. morio survives
at Segama with an estimated 4,500 orang-utans (Wich et al., 2008). The final, most
numerous, sub-species of orang-utan, and the focus of this project, is P. p. wurmbii, which
numbers ca. 35,000 individuals across Central and West Kalimantan. The largest surviving
populations of orang-utans are also represented by this sub-species at Tanjung Puting,
Sabangau and Arut-Belantikan, each with populations over 6,000 individuals (Wich et al.,
2008); another important population of this sub-species is within Gunung Palung National
Park (ca. 2,500). This species is classed as Endangered by the IUCN (Ancrenaz et al., 2008).

1.3 ORANG-UTAN SOCIAL SYSTEM
The orang-utan has several unique characteristics within the three fundamental elements of a
primate social system, as defined by Kappeler and van Schaik (2002): social organisation
(who lives with whom), social structure (who interacts with whom, how often and how) and
mating system (who mates with whom). Orang-utans are atypical amongst the diurnal
primates, as they are largely solitary, infrequently interact with other individuals and, until
recently, were not thought to engage in long-term social relationships (or units) outside the
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mother-infant dyad (Rodman, 1973; MacKinnon, 1974; Horr, 1977; Rijksen, 1978; Galdikas,
1979; Schürmann and van Hooff, 1986; Suzuki, 1992; but see Singleton and van Schaik,
2002; Mitra Setia et al., 2009). The orang-utan mating system is also unusual in that there are
two highly-dimorphic sexually-viable male forms representing alternative reproductive
strategies (Utami et al., 2002) and orang-utans are the only primate species, with the
exception of humans, in which forced copulations frequently occur (Muller and EmeryThompson, 2012). These alternative reproductive strategies denote a mating system not only
shaped by a high degree of male-male competition (Mitani et al., 1996). but also by female
mate-choice, through female resistance to sexual harassment by unflanged males (Fox, 2002),
and preferential associations with prime flanged males around the time of ovulation (Knott et
al., 2010). In light of these unique characteristics, our understanding of the orang-utan’s
complex social system remains vague, compounded by both intra- and inter-island variation
in social behaviour (Mitra Setia et al., 2009) .
The orang-utan’s tendency towards solitary behaviour has been attributed to a low predation
risk, resulting from their relatively large body size and their almost totally-arboreal lifestyle,
and the fact that their food resources are highly dispersed (MacKinnon, 1974; Rijksen, 1978;
Utami et al., 1997). A high level of food competition is recognised as a key influence in
orang-utan sociality, as supported by observations that females tend mutually to avoid each
other despite having a high degree of home range overlap (van Schaik, 1989) and that
individuals are considerably more social in periods of higher fruit abundance (Sugardjito et
al., 1987; Knott, 1998; Harrison and Chivers, 2007). This energetic cost of sociality has been
reported from several sites, as individuals in association travelled significantly further in a
day than solitary individuals, and their time spent feeding and resting decreased (Galdikas,
1988; Mitani, 1989; van Schaik, 1999; Wich et al., 2006).
Nevertheless, gregariousness and social interactions are far more frequent on Sumatra, when
compared to Borneo, maybe as Sumatran forests are more productive and support higher
population densities than any of those seen on Borneo (Rijksen and Meijaard, 1999; Delgado
and van Schaik, 2000; Singleton and van Schaik, 2002; Marshall et al., 2009). This has led to
a reappraisal of the Sumatran orang-utan’s social organisation, as associations between adult
females and juveniles, as well as other related females, are more frequent than would be
expected by chance (van Schaik, 1999; Singleton and van Schaik, 2002; Mitra Setia et al.,
2009). Singleton and van Schaik (2002) found that reproductively-synchronised females form
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clusters, within which the movements of individuals are coordinated. The Suaq Balimbing
study area in Sumatra, however, is one of the most productive habitats and supports very high
orang-utan densities of seven individuals/km2, hence is almost certainly not typical of other
populations, especially within Borneo (Wich et al., 2008). At Ketambe (also in Sumatra),
females with infants congregate in large fig trees with ripe fruit and adolescents form bands,
travelling from one feeding patch to another and so on (Utami et al., 1997). Van Schaik
(1999) proposes that the female orang-utans of Suaq Balimbing can therefore be considered
as an example of an “individual-based fission-fusion society” and Wich et al. (1999) suggest
that female orang-utans at Ketambe are at least as social as female chimpanzees at
Kanyawara, Uganda, which are considered a fission- fusion species. These types of
associations, however, are rarely seen in the Bornean species, which exhibit a stronger
tendency towards solitary life in response to living with more limited or unpredictablydistributed resources in the lower productivity forests of Borneo (van Schaik, 1999; van
Noordwijk et al., 2009).
As a consequence of these differences in sociality between the islands, the taxa of Sumatra
and Borneo are now generally regarded as operating under different social systems, with
“socially-distinct but spatially-dispersed communities structured around a single dominant
male” on Sumatra, and a more dispersed social organisation based on a mating system of
“roving-male promiscuity” on Borneo, with no social unit above the female-infant dyad and
strong male-male competition (van Schaik and van Hooff, 1996; Delgado and van Schaik,
2000; Singleton and van Schaik, 2002). The spatial separation of potentially-reproductive
females determines the distribution and ranging patterns of male individuals, and is crucial to
any animal’s social and mating systems (Greenwood, 1980; Clutton-Brock, 1989). As female
orang-utans are generally more widely distributed on Borneo, no individual male is able to
monopolise, defend or prevent access to a female or group of females, as they do not
congregate together in a specific area (Rodman and Mitani, 1987; van Schaik and van Hooff,
1996; Dunbar, 2000); this has led to male orang-utans roaming over wide overlapping ranges
in search for receptive females (Knott, 1999).
Male orang-utan social relationships can typically be characterised by a high degree of
competition (as indicated by the striking degree of sexual dimorphism observed in these
species), mutual intolerance and complex dominance hierarchies observed within all
populations (Bercovitch, 1991; Cowlishaw and Dunbar, 1991; van Hooff and Schaik, 1994).
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As a result, flanged males are the most solitary age-sex class of orang-utan, associating with
other individuals during courtship when they accompany receptive females for short periods,
or whilst involved in agonistic interactions with other males, but only rarely engaging in
social activities at other times.
Recent genetic work carried out on populations of Bornean orang-utans (Morrogh-Bernard et
al., 2011; Arora et al., 2012; van Noordwijk et al., 2012) has revealed that females on Borneo
also have philopatric tendencies and form clusters with other related females with a higher
degree of range overlap than unrelated individuals (Singleton et al., 2009). On Borneo,
however, these female clusters are loose-knit when compared to those on Sumatra, as the
habitat and fruit availability cannot sustain close proximity for long periods. This can be
explained by Morrogh Bernard’s (2009) ‘petal’ hypothesis that female clusters are
determined by forest productivity, such that the higher the orang-utan density and more
dispersed the distribution of food resources, the greater the degree of range overlap in related
females (Morrogh-Bernard et al., 2011). These genetic studies have also confirmed male sexbiased dispersal from natal ranges and that unflanged males show a higher degree of
relatedness to females in an area than flanged males, which would suggest that dispersal
occurs once males have fully developed into flanged males or at least, that unflanged males
tend to show a greater level of philopatry than flanged males (Morrogh-Bernard et al., 2011).

1.4 RESEARCH OBJECTIVES
In this study, I examine the individual home ranges of wild male central Bornean orang-utans
(Pongo p. wurmbii) in the peat-swamp forest of the Sabangau River catchment in Central
Kalimantan. I aim to study the social system of this (semi-) solitary species by combining
long-term behavioural observations from the field with genetic analysis of DNA samples
collected across the unfragmented Sabangau research area. By taking this two-step approach I
intend to provide a holistic understanding of the ranging patterns and dispersal of male orangutans within the greater context of the orang-utan social system, expanding on the current
scientific knowledge that to date, has been mostly limited to either behavioural or laboratorybased studies. In order to achieve this, I address the main research questions below, which
largely focus on the costs and benefits of the two mating strategies (call-and-wait vs. sneak11
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and-rape) seen in the two different adult male orang-utan morphs (flanged vs. unflanged)
(Galdikas, 1981; Utami et al., 2002; Harrison and Chivers, 2007) and, hence, how the orangutan’s unique social and mating systems among hominoids may have been maintained over
evolutionary timescales. Hypotheses that are more specific to each topic are given in each
chapter.
Research in this study is organised into four sections. In Chapter 2, I discuss my study site
and population and outline the general methods used in this research.
Chapter 3 relates to flanged male social rank and dominance status. I attempt to classify the
flanged males based on their level of dominance by investigating the outcome of
confrontations with other flanged males and their long-calling behaviour. Once these social
ranks have been established, female encounter rates and association periods are examined, in
an attempt to identify how social status correlates with a flanged male’s access to females and
his social behaviour. The general research questions in this chapter are:
1. Can particular flanged males be identified as dominant, and how long is dominance
tenure? Due to a higher proportion of flanged males identified within study sites on
Borneo and the perceived higher incidence of physical fights between Bornean
flanged males than Sumatran (Mitra Setia et al., 2009), I expect that dominance tenure
on Borneo is variable and much shorter than that observed in Sumatran populations.
2. Do flanged males behave differently, based on their perceived social rank, and does
this affect access to females? I expect dominant males to encounter females more
often and associate for longer periods and the lowest-ranking males to have the lowest
female encounter rates and association times.
In Chapter 4, I attempt to determine the main influences on male orang-utan day-ranging
behaviour and to identify the differences between social ranks of flanged males and between
unflanged and flanged male orang-utan behaviour on a day-to-day basis. More specifically, I
aim to ascertain to what extent diet, seasonality and sociality affect the ranging patterns of the
male classes and to identify specific differences in daily behaviour between males based on
their dominance rank or class.
1. Do day ranges differ within flanged male ranks and between flanged and unflanged
males? This potential cost is particularly relevant as, of all activities, travel represents
the largest proportion of total daily energy expenditure (Knott, 1999). I hypothesise
12
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that, due to their “sneak-and-rape” mating strategy and smaller body size, unflanged
males travel further each day than flanged males. I also hypothesise that dominant
flanged males travel less direct routes than less dominant flanged male classes as they
limit their ranging to specific areas containing females whilst chasing subordinate
males out of their vicinity.
2. Does resource (i.e., fruit) availability influence male day range, average distance
travelled between food sources, or frequency of encounters with females? It is
possible that during periods of fruit scarcity, day ranges and distances between food
sources are longer as the individual searches for more fruit; conversely, the orangutan may consume more low-quality “fall-back” foods, and reduce ranging in order to
conserve energy. Encounters with females may be less common during periods of
fruit scarcity due to the increased ranging required to find sufficient food to support
two adults. The results are important in understanding the short-term influences of
resource availability on ranging, which may provide insight into the effects of
changes in resource availability on ranging behaviour on a long-term or evolutionary
timescale.
In Chapter 5, I assess several aspects of male orang-utan home range in an attempt to: 1)
evaluate the size of the home ranges of flanged and unflanged males; 2) to discover the
degree to which the ranges of flanged and unflanged males may overlap; 3) to ascertain
whether dominance rank or female fertility affect home range over time. The following
research questions are considered
1. What is the size of flanged male and unflanged male orang-utan home ranges? I
believe that male orang-utan home range size has, thus far, been under-studied and, as
such, I hypothesise that my home range size estimates for both classes of male will be
larger than those noted from previous studies.
2. How many adult female home ranges would these typically contain, and do these
home range sizes theoretically provide access to cycling females in most years? I
hypothesise that the home ranges of both classes of male would theoretically give
them access to cycling females most years.
In Chapter 6, the genetic sub-structure and relatedness within the Sabangau orang-utan
population are investigated through the analysis of genetic material extracted from faecal
samples collected in the extended research area. Pairwise kinship estimators, parentage
13
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analyses and maternal mitochondrial haplotype evaluation enable assessment of genetic
relatedness of individuals within and between the different study areas. Furthermore, in this
chapter an effort is made to ascertain whether the dispersal phase of male orang-utans occurs
before or after the development of flanges, and to establish the distance over which they
disperse. Here, I assume that, although necessary to ensure access to unrelated females and
avoid inbreeding (Pusey and Wolf, 1996; Charpentier et al., 2007), dispersal of males further
away from the natal range is costly (at least initially): the dispersing male will be less
acquainted with the forest and resident orang-utans in areas further away, which may lead to
conflicts with other males and greater difficulty locating food (Waser and Jones, 1983).
The questions in this section are important in assessing how the relatively ‘extreme’ social
and mating systems of orang-utans are maintained and, hence, how they may have evolved.
Furthermore, an understanding of dispersal patterns is essential for interpreting observed
ranging behaviour (Singleton and van Schaik, 2001).
1. Do all males disperse away from their natal range? I hypothesise that the answer to
this question will be “yes”, as males disperse in order to find potential mates to
whom they are unrelated in order to avoid inbreeding.
2. Do males disperse when still unflanged, or only when flanged? I hypothesise that
males disperse when unflanged, as they are capable of siring offspring (Utami et
al., 2002) and so the reproductive benefits of dispersal in terms of encountering
unrelated females already apply.
3. How far do dispersing males disperse? Do they disperse to just outside the natal
range, just far enough to exclude sisters bordering the natal range, or much further?
Evidence from Sabangau indicates that females may ‘place’ their daughters in a
petal-like formation surrounding their own home range (Morrogh-Bernard, 2009),
so this may depend on how related neighbouring clusters of females are within the
area: the less related neighbouring clusters of females are, the less far one would
expect males to disperse.
Finally, in Chapter 7, I summarise my major findings and discuss their broader implications
in the context of animal, primate and orang-utan social systems.
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2 METHODS
2.1 THE SABANGAU ECOSYSTEM
2.1.1

SITE BACKGROUND

This study was carried out within the Natural Laboratory of Peat-swamp Forest (NLPSF), an
area protected for the purposes of scientific research that covers 500 km2 within the greater
Sabangau Ecosystem, Central Kalimantan, Indonesia (2°19'S and 113°54'E: Figure 2.1). The
Sabangau Ecosystem lies between the two major rivers, the Katingan and Kahayan, to the
west and east respectively, and stretches 200km north from the Java Sea. The catchment
covers an area of ca. 8,750 km2, with at least 6000 km2 covered in tropical peat-swamp forest
and represents the largest remaining area of contiguous lowland forest on the island of
Borneo. The Sabangau peat-swamp forest is thought to be home to the world’s largest orangutan population, estimated to number 6,900 individuals (Morrogh-Bernard et al., 2003; Wich
et al., 2008).
The NLPSF site is located 20 km south-west of the provincial capital, Palangka Raya, in the
upper reaches of the black-water Sabangau River and was established in 1997 at the behest of
the Governor of Central Kalimantan, following the cessation of the Setia Alam Jaya timber
concession in the same area. The research station is managed by the Centre for the
International Cooperation in Management of Tropical Peatlands (CIMTROP), an Indonesian
research and conservation institution based at the University of Palangka Raya (UNPAR) and
is protected by governmental decree as a research area in which development is not
permitted. In collaboration with CIMTROP, an on-going orang-utan research project was set
up in 1999 by Simon Husson and Helen Morrogh-Bernard, which has developed into a multidisciplined research project at the site (OUTROP). In October 2004, a further 5,780 km2 of
the Sabangau catchment (excluding the NLPSF) was set aside as the Sebangau National Park.
The national park is protected and managed by the Indonesian Ministry of Forestry, Director
General of Forest Protection and Nature Conservation.
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Figure 2.1: Map of the Sabangau peat-swamp forest. Location of the Natural Laboratory of Peatswamp Forest is shown in yellow and the location of the research camp in red. Adapted from Ehlers
Smith and Ehlers Smith (2013).

2.1.2

FAUNA

The Sabangau tropical peat-swamp forest sustains a vast array of biodiversity, with at least
63 species of mammal, 201 species of bird, 40 species of reptile and 9 species of amphibian
currently identified from within this ecosystem. Many of these species are endemic to this
16
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habitat and/or are considered as endangered by IUCN. Of the 9 species of primate identified
in Sabangau, the central Bornean orang-utan (Pongo pygmaeus wurmbii), agile gibbon
(Hylobates albibarbis), proboscis monkey (Nasalis larvatus), Bornean slow loris (Nycticebus
menagensis), western tarsier (Tarsius bancanus borneanus) and pig-tailed macaque (Macaca
nemestrina) are all regarded as endangered or vulnerable (IUCN, 2012). Other endangered
mammals include the Sunda pangolin (Manis javanica), otter civet (Cynogale bennetti), flatheaded cat (Prionailurus planiceps) and Sunda clouded leopard (Neofelis diardi). Several
vulnerable bird species, such as Storm's stork (Ciconia stormi), lesser adjutant (Leptoptilus
javanicus) and large green pigeon (Treron capellei), are also found in this area (‘BirdLife
International’, 2013).

2.1.3

HABITAT AND VEGETATION

The Sabangau ecosystem comprises primarily ombrotrophic peat-swamp forest growing on
peat deposits, i.e. the only external source of water and nutrients is by aerial deposition from
rain, aerosols and dust (Husson et al., 2009). The forest structure and diversity of plant
species is determined by peat thickness, hydrology, chemistry and organic matter dynamics
(Page et al., 1999). The Sabangau peat-swamp consists of three main forest sub-types, with
narrow transitional zones between each (Figure 2.2). Riverine forest is now absent in the area,
following previous exploitation though over-logging. The forest types can be categorised in
the following sequence with transitional areas being a mixture of two sub-types:


transitional (riverine to marginal mixed-swamp forest ca. 1 – 1.5 km from the river);



mixed-swamp forest (ca. 1.5 – 4 km);



transitional (mixed-swamp to low-pole forest ca.4 – 6 km);



low-pole forest (6 – 11 km);



transitional (low-pole to tall interior forest ca.11 – 13 km);



tall interior forest (13 km onwards)



very low canopy forest
(Morrogh-Bernard et al., 2003)
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Figure 2.2: Map of the Natural Laboratory of Peat Swamp Forest (NLPSF) with habitat

sub-types and current trails defined. Adapted from Page et al. (1999).

2.1.3.1

RIVERINE FOREST

The riverine forest habitat is flooded with river-water during the rainy season, whilst during
the dry season, shallow pools are scattered sporadically across the forest floor (Page et al.,
1999). Shorea balangeran is the dominant tree species in this zone and the only tree to
exceed 35 m in height. Other large tree species include Calophyllum spp, Campnosperma
coriaceum and Combretocarpus rotundatus (Shepherd et al., 1997). Some riverine swamp
forest still exists along some of the smaller tributaries of the Sabangau, but the majority of
this habitat has been destroyed by fire and logging within the upper Sabangau catchment and
is now replaced by low-growing sedge (Thorachostachyum bancanum) swamp. Previously,
riverine swamp forest would have extended 1 km from the river’s edge to the limit of the peat
dome and the extent of the river flood water (Page et al., 1999). The sedge swamp is not
orang-utan habitat, so has not been included within this study.
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2.1.3.2

MIXED-SWAMP FOREST

The mixed-swamp forest is situated on the margins of the peat dome and beyond the limit of
the river floodwater. This sub-type now forms the limit of the forest and represents the most
extensive of the habitats in the Sabangau forest. Situated on a peat depth increasing from two
to 6 m thick, the mixed-swamp forest is tall with three strata and a maximum canopy height
of 35m. Below the canopy there is a lower closed under-storey between 12 and 20 m high,
and ground cover tends to be a clearer open layer of small trees 7-12 m high (Page et al.,
1999). This habitat is generally flooded in the wet season but becomes much drier towards
the middle of the dry season. The principal tree species of the upper canopy and of
commercial value are Cratoxyl onglaucum, Dactylocladus stenostachys, Gonystylus
bancanus, and Shorea spp. This area contains the majority of Sabangau’s orang-utan
population at a density of 2.35 individuals /km2 (Husson et al., 2009).

2.1.3.3

LOW-POLE FOREST

The low-pole forest sits on a peat depth of 7- 10 m, and is permanently flooded in both the
dry and wet seasons. Many trees have pneumatophores (breathing tree roots) are only two
levels of stratification, with the uppermost canopy reaching a maximum height of 20 m and
the lower canopy level between 12 and 15 m. Thus, there are very few trees of commercial
value. The principal species of the upper canopy are Calophyllum spp and Combretocarpus
rotundatus species (Shepherd et al., 1997). Due to the relatively high levels of light
penetration and high-water levels, there is an almost continuous ground cover of Pandanus
spp and Freycinetia spp and Nepenthes spp, which stifle the available ground and restrict the
growth of small trees and saplings (Morrogh-Bernard et al., 2003). This poorly-drained
habitat has the lowest tree biomass, canopy height and plant diversity of all the habitats in
Sabangau. As such, the extremely low productivity of this habitat sub-type also corresponds
to the lowest orang-utan density estimates (1.12 individuals/km2) given for Sabangau
(Husson et al., 2009).
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2.1.3.4

TALL INTERIOR FOREST

The tall interior forest is the highest point of the peat dome and the furthest from the
Sabangau River. The water table is below the surface of the peat year-round, there are few
hummocks and trees do not need pneumatophores. Here the peat is thickest, at 10 - 13 m
(Page et al., 1999). The forest canopy is high, consisting of four strata with the uppermost
emergent trees reaching a maximum height of 45 m, with lower levels occurring at 15 - 25 m
and at 8 - 15 m. The tall interior forest contains many trees of commercial value, more than
the other forest types and the principal species of the upper canopy include Agathis spp,
Dactylocladus spp, Gonystylus spp, Koompassia spp, Palaquium spp and Shorea spp
(Meranti). In this habitat sub-type, the undergrowth is relatively clear with Pandanus spp
only present under gaps in the canopy. This area has the highest densities of orang-utans
(2.49 individuals/km2) from estimates based on nest counts (Husson et al., 2009).

2.1.3.5

VERY-LOW-CANOPY FOREST

The very- low-canopy forest occurs within the centre of the tall interior forest, on the highest
part of the peat dome, and is thought to be a result of peat dome collapse. This forest sub-type
has a low canopy of no more than 15 m high and is extremely wet and open. Large pools of
water ca. 200 m wide and 1 m deep sit on the peat surface with small islands of vegetation
interspersed. Many of the trees have pneumatophores, projecting high above the surface of
the pools. Owing to the open canopy, greater levels of light can penetrate the forest floor and,
as a result, there is a high level of diversity (Page et al., 1999). The peat surface is covered in
non-vascular land plants (bryophytes) and there are no Pandanus spp, replaced instead by
sedge (Thorachostachyum bancanum). No orang-utans have been found here (MorroghBernard et al., 2003).

2.1.4

CLIMATE

The study site is situated two degrees south of the Equator, which runs through the centre of
Borneo. The Köppen–Geiger climate system, classifies this region as a tropical rainforest
20
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Figure 2.3: Mean monthly temperature (°Celsius) and rainfall (mm) in the Sabangau forest
from 2003 to 2012.

climate, characterised by consistent high temperatures and average monthly precipitation
above 60mm (McKnight and Hess, 2000). On-going weather data have been collected at the
research station since August 2003. Maximum and minimum temperature readings are taken
each morning, using a weather thermometer placed just within the forest. Rainfall is collected
and measured using a standard precipitation gauge situated in an open area at the research
station. Measurements are collected twice daily (at 0600h and 1800h) in order to differentiate
between rain during the night and that of the daylight hours; daily totals are the sum of these
two measurements.
The Sabangau has high average year-round temperatures (average maximum: 28.8oC, average
minimum: 22.2oC), with a highest-recorded temperature of 39oC (April 14th 2011) and
several low overnight temperatures recorded as 18oC (August 2004, 2007 & 2011). The
highest average monthly temperatures occur as the dry season begins in May and the lowest
average minimum temperatures are recorded in the driest month of the year, August (Figure
2.3).
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Between 2004 and 2012, the average annual rainfall in Sabangau was 3230mm/year (SD =
707). The highest annual rainfall (4555mm/year) recorded within this period fell in 2010, and
the lowest (2187mm/year) in 2006. Rain falls year-round, although this region, as with most
of the tropics, has two marked seasons: June to October is typically drier than the rest of the
year and December on average is the wettest, although this can vary year to year. The lowest
rainfall of any of the months in the period August 2003 to December 2012 was in August
2004 when only 0.5 mm fell and the heaviest rainfall within this range was 632 mm in
February 2005. The most rain recorded in one day was 175 mm falling overnight on October
30th 2008. Over this period, at least 1 mm or more rain fell on 45.4% (1556 out of 3428) of
days and 65% of all the rain fell overnight.

2.1.5

HUMAN ACTIVITY AND DISTURBANCE

Over the last four decades, much of the Sabangau peat-swamp forest has been affected by
human activity, including logging both legal and illegal. Between the 1970s and the late
1990s over 13 logging concessions carved up the forest into a series of railways and skids
used for selective timber extraction. Many of the tropical hardwood species were felled for
sale to international markets and additional, smaller, less commercially-viable species were
cut or damaged to make way for extraction and in the construction of the railways and skids.
Although this method of selective logging is less destructive than the clear felling of forested
areas, it still changes the structure of the forest, creating gaps in the canopy. This may lead to
loss of arboreal routes and important large fruit trees, which can affect orang-utan energetics
and impact on orang-utan population densities (van Schaik et al., 1995; Rao and van Schaik,
1997; Felton et al., 2003; Morrogh-Bernard et al., 2003).
By the late 1990s, many of the legal concessions began wrapping up their operations in
Sabangau, including the Setia Alam Jaya concession in the NLPSF in 1997. The uncontrolled
illegal logging that ensued was even more destructive than the selective logging of the legal
concessions and lacked the controlled restrictions on the size and species of trees that were
being extracted. Furthermore, the illegal loggers cut a network of over 1,000 canals across the
Sabangau, in order to float the timber out of the forest to the saw mills scattered along the
Sabangau and Katingan Rivers.
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These canals are the most damaging legacy of this period. Despite the large-scale illegal
logging being stopped by late 2003, the network of abandoned canals (each measuring
between two and four metres wide) collectively act as huge drainage system, causing peat
collapse, tree instability and a lowering of the water table, all major causes for increasing the
frequency and severity of forest fires in the Sabangau (Morrogh-Bernard, 2009). Major fires
burnt large parts of the Sabangau in 1997-1998, 2001-2002 and 2006-2007, but smaller fires
continue to burn parts of the forest during the dry season on a near-annual basis. It is this risk
of fire caused by the peat drainage that is considered to be the single-most major threat to the
orang-utan population in the Sabangau (Singleton et al., 2004; Husson et al., 2006; Wich et
al., 2008).
Additionally, local people continue to use the Sabangau forest for many other activities, often
using the abandoned logging canals to gain access to the interior. During my fieldwork period
2010-2012 I observed pig and bat hunting, exotic bird collection, as well as wild latex or
Jelutong (Dyera lowii) sap-tapping, small-tree logging for scaffolding and Gemur
(Alseodaphne coriacea) bark harvesting.
Pig hunting is carried out in the dry season, either by using a series of snares set up along
animal trails just inside the forest edge or, alternatively, by several men entering the forest
with spears and dogs to chase down the prey. Hunting of large fruit bats (Pteropus vampyrus)
involves a 100 m2 square patch of forest being cut down around a preferred large tree whilst
in fruit (often Calophyllum spp. or Ficus spp.); scaffolding and mist netting is erected across
the clearing in the forest and bat collection takes place overnight. The exotic-bird collection
is carried out year-round, using whistles and tape recordings to call birds into the area and
fake perches are prepared with adhesive glue to enable the capture of the birds, especially leaf
birds (Chloropsis spp.).
Until recently, wild latex or jelutong (Dyera lowii) sap tapping was widespread in the forest
and many kilometres of winding trails can be found between trees, deep inside the forest
interior. This practice was formerly a by-product of the illegal logging in the area; collection
has diminished over the last few years as low market values outweigh the huge effort
involved in the collection.
Small trees, typically galam (Syzygium sp.) of less than 10cm diameter at breast height (dbh),
are harvested along the forest edge and along the edge of the canals for use in scaffolding and
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small-scale local building projects. This is carried out in all but the driest months, whilst the
canals are navigable.
The bark of the gemur tree (Alseodaphne coriacea) is stripped and used in the manufacture of
incense and mosquito coils. These trees are felled and bark is stripped and floated down the
canals. Year-on-year, gemur collection is shifting further away from the river into the
interior, as most of the easily accessible trees have now been felled. Thus, this activity is
generally only carried out in the wettest months, when access using a small canoe is possible.

2.2 FIELD METHODS
2.2.1

THE ORANG-UTAN STUDY POPULATION

On-going orang-utan behavioural research has been conducted at the Sabangau study site
continuously since August 2003, under the direction of Dr Helen Morrogh-Bernard. The
behaviour team included, at various times, research assistants, interns and field researchers
conducting their own studies. I joined the team in 2007 to 2008 as a research assistant, and
returned in 2010 to conduct my fieldwork for two years. Due to the nature of male orang-utan
ranging, and hence, the difficulty in acquiring sufficient data on a number of males during the
normal period allocated to field research in a doctorate, Helen Morrogh-Bernard kindly
granted me access to data relating to male ranging at this site pre-dating the start of my
fieldwork period.
Between 2003 and 2012, ca. 54 fully-independent orang-utans have been identified.
Specifically, 29 flanged males, 13 unflanged males, 3 adolescent males and 9 adult parous
females have been found, followed and identified within the 900ha study area. In addition,
two nulliparous females have become sexually mature and mothered infants in the past nine
years, and at least three males have been observed initially as unflanged and later as flanged
males within the area. There are also about 12 dependent infants or newly-independent
juveniles living within the study site, but these individuals have yet to be followed as
independent focal animals. It is also important to note that newly-independent orang-utans
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are extremely difficult to identify and misidentification is commonplace across sites, so these
individuals have been omitted from this study, except where genetic analysis has been
possible.
The flanged, unflanged and adolescent males identified within the research area between
2003 and 2012 are listed in Table 2.1 (flanged males) and Table 2.2 (unflanged and
adolescent males).
No ex-captive or rehabilitant orang-utans have ever been released in the area, although from
reports by the national-park administration it seems that in 2013 about eight wild orang-utans

Table 2.1: Flanged male orang-utans included in this study, with number of follows and years
seen in the research area.
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Table 2.2: Unflanged and adolescent male orang-utans included in this study, with number of
follows and years seen in the research area.

were released by the Indonesian conservation department (BKSDA) at a site 15km north of
the research area. These wild individuals had been translocated from an area adjacent to the
Sabangau, which had recently been converted into oil-palm plantations, to a site administered
by the national-park authorities, outside the NLPSF. The chance of encountering one of these
individuals in my fieldwork was very slight and should not have had an effect on the genetic
analysis, as no relationship would be found between these individuals and the resident
population in the area.
Since all forms of logging in the research area ceased in late 2003, the forest has begun to
recover slowly. Although the forest remains disturbed, the spatial homogeneity in forest
condition, and the large, unfragmented nature of the forest, would imply that the study
population can be confidently assumed to have natural ranging and dispersal patterns.
Directly following the logging activity, however, orang-utan densities may have been
temporarily increased due to compression effects, leading to increased intraspecific
competition, lower birth-rates and possibly elevated mortality (Husson et al., 2009; Marshall
et al., 2009).

26

Chapter 2: Methods

2.2.2

STUDY SITES

Although male ranging behaviour is little understood, it has been established that the home
ranges of male orang-utans are considerably larger than those of females and, furthermore,
even larger than the majority of established research sites across both Borneo and Sumatra. A
study in which male ranging and dispersal are investigated should cover an area at least as
large as the range-size estimates proposed in previous studies. To date, the largest estimates
of male orang-utan range size are from Singleton and van Schaik (2001) in their study from
Suaq Balimbing, Sumatra, in which they proposed the range to be 3,000-10,000 ha. Whilst
the main area of this study was the established Setia Alam (SA) site, satellite camps were
established at six further sub-sites across the NLPSF, enabling access to points covering an
area of about 20,000 ha of continuous peat-swamp forest.
This area is much larger than that included in previous orang-utan studies, in which the focus
has been mainly on female behaviour (see Utami Atmoko et al., 2009). By employing this
approach I expected a better chance of detecting male orang-utans at points further from the
main base camp than had previously been possible (up to 2 km in Sabangau, typical of most
orang-utan research sites), and thus provide a better opportunity to gain an understanding of
the scale of male orang-utan ranges. Based on previous estimates of orang-utan home ranges
across sites, these satellite sites together also represent a suitable area in which to investigate
the genetic relatedness of the orang-utan population therein, whilst remaining logistically
practical.

2.2.2.1

SETIA ALAM GRID SYSTEM

Between 2003 and late 2010 all orang-utan behavioural research conducted at the Setia Alam
site was carried out within a ca. 900 ha trail grid system cut into an area of mixed-swamp
forest. This area was chosen as it is the most accessible and extensive of the habitat sub-types
and contains the bulk of the orang-utan population.
The grid is aligned with the edge of the forest along the north border, and a disused railway
(which runs from the Setia Alam research camp towards the interior forest) borders the
western edge (Figure 2.4). The grid system of transects placed roughly 250m apart north27
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from base camp; lettered transects are roughly 250m apart and run south-west from transect 0. The Sabangau River is to the north.

Figure 2.4: Map of the established Setia Alam western grid system. Numbered transects run west from the disused railway according to distances

Chapter 2: Methods

Chapter 2: Methods
south and east-west facilitates access to the forest for on-going orang-utan behavioural
research, as well as other forest research activities.
The grid system is necessary for access as this habitat, although topographically very flat,
hosts a dense undergrowth comprising numerous lianas, thickets of thorny plant species such
as pandan (Pandanus spp) and rattan (Ceratolobus spp and Plectocomiopsis spp). In addition,
countless fallen branches and exposed tree roots make travel by foot slow and difficult. The
entire western grid system covers roughly 3 x 3 km (900ha), although the full extent is rarely
used and most orang-utan follows are conducted within the 400ha nearest to the research
station (down to transect 2 to the south, and along to transect H to the west, see Figure 2.4).
This area decreases significantly in the wet season, as water levels can reach waist-height in
many parts of the forest, making travel even more challenging and time-consuming. In these
times of the year typically only about 200ha of the grid trail system is used for behavioural
follows, due to the logistics of travelling between the research station and the orang-utan nest
in order to arrive before the orang-utan wakes up at 0500h.

Old Railway
Figure 2.5: The grid system extension to the east of the original grid, established in late 2010 to aid
searching for new orang-utans. The transect numbers relate to distance from the base camp and transect 0,
and the lettered transects run parallel to the two disused railways.
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The eastern grid was cut in November 2010 to facilitate access to the forest east of the
disused railway (Figure 2.5). Widespread logging damage has occurred in this area, as it sits
between two disused extraction railways; consequently, this disturbed forest consists of many
areas of small tree re-growth, dense tall pandan and many tree falls. The grid system was cut
in the same orientation as the western grid and covers a similar-sized area (ca. 750 ha - 2.5 x
3 km) as the original grid system. Until this time, orang-utans that ventured east of the
railway were often abandoned after travelling a few hundred metres, due to difficulties in
returning to the research camp after dark through this poor-quality forest. Thus, the expansion
of the grid system doubled the size of the research area and made it possible to follow male
orang-utans further than previously. The eastern grid system also created the opportunity to
find new individuals and gain a better understanding of the home range of individuals seen
sporadically in the grid or around the grid periphery.

2.2.2.2

THE REMOTE STUDY SITES

In addition to the main and extended Setia Alam study site, six further sub-sites were
established in order to increase the catchment area for the research (Figure 2.6).
Four of these sub-sites were accessed by boat via the natural tributaries of the Sabangau
River and disused canals; the Alui and Bakong sites are situated to the south-east, at four and
ten km from SA respectively, whilst the Jelutong and Koran sites are located to the northwest, at five and ten km from SA respectively. The habitat at the Bakong study site represents
riverine habitat, but has characteristics associated with mixed peat swamp; the Koran site also
has riverine characteristics, but the tree composition is indicative of a of a transitional band of
forest between mixed-swamp and low-pole habitat types. High orang-utan densities have
been shown by previous surveys of this area.
A further two sub-sites were accessed on foot via the disused railway, located to the southwest at seven and twelve km from SA, referred to as the low-pole and tall-pole sites
respectively, according to the habitat types found at their locations.
Site location choice was partly strategic, due to distance from SA, and partly based on
accessibility. At each of the sub-sites, transects which had been cut previously for other
research purposes over the last eight years, facilitated additional forest access in these areas.
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Koran

Jelutong

Canal
Alui

Low-Pole

Tall-Pole
Bakong
Figure 2.6: Map to indicate the location of the six additional sub-sites. Blue lines are
rivers and canals; grey lines are trails.
Thus, the remote sub-sites represent different forest types; possible seasonal zones used by
flanged-male orang-utans; cover an area as large as the highest estimated range sizes reported
from elsewhere; and form a suitably-sized area to be able to assess genetic diversity and the
relatedness of individuals at the different sites through with DNA analysis.

2.2.3

DATA COLLECTION

2.2.3.1

RANGING DATA

Two complementary methods were employed to gather information relating to orang-utan
ranging. Firstly, extended focal follows of male orang-utans encountered within the SA grid
were performed, including sleeping out in the forest so the research team could follow each
orang-utan for up to ten days at a time without needing to return to the research camp.
Secondly, data was collected from opportunistic encounters at remote sites, in order to
accumulate further data-points for known individuals. In order to carry out the extended
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follows, food and equipment were carried in a rucksack by the research team. The
combination of GPS points obtained for each animal through follows starting in the SA and
continuing even when the animal left the immediate area (short-medium distance), and points
obtained at the other sub-sites (long distance), has yielded the most complete information on
male orang-utan home-range size obtained to date.

(A)

SEARCHING

There is an established protocol for searching for orang-utans at Setia Alam, associated with
the long-term behavioural project conducted at this site. Two or three observers in radiocontact with each other move independently along parallel transects about 250m apart; a
suitable pace is chosen such that the observers can move quietly along the transect, whilst
listening and watching for signs of movement in the forest, and also covering sufficient
distance during the course of the day. Any signs of wildlife in the forest are investigated and,
if it proves to be an orang-utan, the other team members are notified of the location. Data
collection commences immediately on discovery of an orang-utan.
The same searching methods were applied during the trips to the remote sub-sites, conducted
by between two and four observers. It was anticipated that the probability of detecting
individual males at multiple sub-sites would be related to search intensity at these sub-sites.
Thus, I decided to maximise the efficiency of time spent at each sub-site through conducting
short, yet frequent, visits. This was predicted to be more effective than infrequent, prolonged
visits to each sub-site, as the long-calling and noisy travel of flanged males meant that any
individuals at a sub-site would be more likely to be detected in shorter trips, with diminishing
returns over longer periods. In total, I conducted six four-day trips to each of the furthest two
river sites, 24 one-day trips to the Alui and Jelutong sites, and eight 5-day trips to the interior
forest sites over the course of my two-year fieldwork period. I also carried out ten one-off
searches of other remote sites, when access was possible. From these remote site trips, I
acquired faecal samples from 55 individuals.
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(B)

IDENTIFICATION OF ORANG-UTANS

Flanged males are usually quite distinct in appearance and, with the aid of a camera and notes
on particular idiosyncratic features, it was possible to identify individuals. Unflanged males
can be more difficult to identify, but again, with the aid of binoculars, notes and photographic
equipment, this was also possible. Specific distinguishing features that characterised, or were
unique to, each individual were noted, including visible scars, broken or missing fingers,
facial hair, body hair, as well as the shape of facial features, such as the indentation in the
forehead or the shape of the cheek pads in flanged males. Examples of flanged and unflanged
individuals demonstrating these distinguishing features, are shown in Figure 2.7.
Using these methods, many individuals have been identified successfully and named
previously at the site, so this identification protocol was continued during this study. In
addition, faecal samples were collected for genetic analysis, both to investigate relatedness
and dispersal, and also to act as an additional identifier for individuals who were not
recognised or had developed secondary sexual characteristics (see Section 2.2.3.2: Genetic
Samples).
A number of the orang-utans found within the SA grid systems had been through the process
of habituation for previous and ongoing behavioural-ecology research and, thus, were easier
to follow than orang-utans from areas outside this block. Many of the orang-utans
encountered and followed, however, had not been through this habituation process and, thus,
represented more of a challenge. Personal observations and previous studies at this research
site have shown that unhabituated flanged male orang-utans may show increased levels of
aggressive behaviour (i.e. chasing, branch breaking, and snag crashing) towards the observer,
so extra care had to be taken around these individuals.

(C)

GPS DATA

A hand-held Global Positioning System (GPS) device was used to record accurately the
position of an orang-utan when found, and to record a continuous ‘Track Log’ of daily
movements, with GPS points taken every five minutes and the locations of nests and feeding
trees noted. Following the collection of these data, the track logs of each follow were
processed for errors using the five-minute GPS points. Any false track deviations during
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Figure 2.7: Photographs of flanged (above) and unflanged (below) male orang-utans. The
indentation in the forhead of these two individuals is quite different in shape and depth; Thor, the
flanged male pictured above, is also identifiable by the scars on his left cheek pad.

periods of inactivity were checked against the 5-minute GPS points and removed
accordingly, so additional distances were not created as the tracking function of the device
searched for our GPS position in the forest. In this way, I was able to ensure that travel
distances were as accurate as possible.
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For orang-utans encountered at the SA site, focal follows were carried out from nest to nest,
from the minute that the orang-utan awoke and left its nest, to the moment that the individual
finished constructing its nest in the evening and ceased to be active for the day.
This information was used in analysis of total daily travel length, nest-to-nest distance and
home-range estimate.

2.2.3.2

GENETIC SAMPLES

During previous behavioural research at the SA site, 16 individual orang-utans have already
been genotyped (Morrogh-Bernard, 2009) in co-operation with Michael Krützen and the
Evolutionary Genetics Group at the University of Zurich.
During the course of this study, samples for genetic analysis from individuals not already
genotyped (including both males and females) were obtained both from the SA site and from
each sub-site at every available opportunity through collection of faeces. The collection point
of each sample was recorded using GPS.
In total 163 faecal samples from 126 individuals were collected over the course of this study.
Field collection and storage protocols followed Goossens et al. (2003), who recommend a
“two-step” procedure of storage in 95% ethanol followed by silica gel desiccation, as this has
been found to yield a higher DNA concentration than other methods (Nsubuga et al., 2004;
Roeder et al., 2004).

2.2.3.3

BEHAVIOURAL DATA

Behavioural data were collected on all individual orang-utans followed between 2003 and
2012 by the behaviour team, under the direction of Dr Helen Morrogh-Bernard, using the
standardised field-data methods designed and compiled by participants from each of the
major orang-utan research sites during the Orang-utan Culture Workshop (February 2002) in
San Anselmo, USA (Morrogh-Bernard et al., 2002), and based on Martin and Bateson’s
(1993) recommendations. All data were collected using an ethogram of focal-animal
activities and instantaneous-point sampling at five-minute intervals.
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The purpose of considering behavioural data in this project was to identify factors that
influence an orang-utan’s ranging patterns and social organisation. The main point-sampling
data recorded pertinent to this study were data on orang-utan travelling, foraging, long calling
and socialising. The additional data collected in my fieldwork period will add to the longterm Sabangau orang-utan behaviour field study, but will not be included in this thesis.

(A)

LONG CALLS

Only flanged males can emit long calls using their large pendulous throat pouch. Long calls
are thought to be made to attract females (Delgado and van Schaik, 2000) or to discourage
other males from moving into an area, thus acting as a spacing mechanism to avoid contact
with other large flanged males which could result in serious injury (Mitani, 1985d). Long
calls are often made in response to other long calls, in response to a loud branch or tree fall or
another form of disturbance and preceding or following a chase of another individual. Long
calls usually last between one and two minutes and consist of three sets of repeated sounds:
the grumble, as an introduction, the higher amplitude pulses or roars as the climax, and then
tailing off with a low amplitude ‘bubbling’ sound (Mitani, 1985d). Long calls can be heard
up to about 1500m away in peat-swamp forests and the calls of individual males can
identified by the acoustic properties (Galdikas, 1978; Rijksen, 1978; Mitani, 1985d; Lameira
and Wich, 2008; Spillmann et al., 2010).

(B)

SOCIALISING

Social interactions can greatly influence an orang-utan’s ranging behaviour and give us
information on social organisation and dominance. Any observed interactions with other
individuals were recorded, more specifically associations with females across full-day
follows (noted every 5 min) and aggressive behaviour between males, including which
individual initiated aggressive behaviour and which individual fled.
Although interactions are rare between Bornean orang-utans, these observations aid in
identifying the motivation for male orang-utan movements. Information was collected on the
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identity of the other individual (or age-sex class in most cases, also noting any dependents)
and duration of association.

(C)

FORAGING

Foraging data were collected to investigate whether specific food types influence ranging
patterns and daily travel distances. Observations of dietary composition can be used to infer
indirectly resource availability, as orang-utan diet changes have been shown to depend on
fruit availability (Leighton, 1993; Knott, 1998; Vogel et al., 2008; Harrison, 2009; MorroghBernard, 2009). Thus, major food types (invertebrates, fruit, leaves, flower, bark and pandan)
were noted and feeding durations at 5-minute intervals over each full-day follow were
recorded.

2.2.3.4

FOREST PRODUCTIVITY DATA

Orang-utan diet comprises many food types including fruits, flowers, leaves, bark and
invertebrates; some have even been seen eating vertebrate meat (Buckley et al., in prep.).
Some food types are preferred foods, such as fruit (Harrison, 2009), whilst others are
considered fall-back foods which would be consumed when the preferred foods are not
available. It is probable that the fruiting and flowering patterns of preferred food species
influence an orang-utan’s ranging strategy, in order to maximise access to these food sources.
In addition to observational data on foraging, information on resource availability can be
inferred from monitoring forest productivity plots. Within the Setia Alam research site,
monthly surveys of habitat productivity have been carried out in six plots since 2003. These
plots were established as part of an ongoing monthly productivity study to monitor fruiting
and flower fluctuations at different distances from the forest edge (by H. Morrogh-Bernard,
S. Husson and E. Shinta prior to the onset of this study). These plots were set up along
existing transects within the grid system, originally cut to help locate orang-utans, but the plot
locations were also chosen to be representative of the habitat within the mixed peat-swamp at
specific intervals from the forest edge. The first is situated on a transect 400 m from the forest
edge, with subsequent plots established on transects 1.1, 1.6, 2.25, 2.75 and 3.5 km away
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from the river towards the forest interior (Figure 2.8). These forest productivity data for the
research period (2003-2012) were supplied for use in this thesis by Simon Husson.

(A)

PRODUCTIVITY SURVEY METHOD

The current method of assessing fruit abundance at Sabangau is based on the standardised
phenology measurements devised by (Chapman et al., 1994). In an earlier assessment of
various methods, (Chapman et al., 1992) found that, by using visual estimates in conjunction
with measurements of tree diameter at breast height (dbh), calculations of fruit biomass (crop
size) were “consistently good predictors” and the most feasible method for determining
resource availability in a study of frugivore ecology. Fruit traps and fruit counts on trails were
also assessed, but these methods were not recommended, as both were found to have too
many limitations and did not correlate well with direct productivity surveys. Fruit traps and
fruit counts on trails only measure fruit fall, not fruit production, and can therefore be biased
in a number of ways such as frugivore feeding activity, fruits aborted by parent trees and the

Figure 2.8: Detail of the current Setia Alam grid system within the mixed peat-swamp forest
with forest productivity plots highlighted.
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rate at which different fruits ripen (Terborgh, 1983; Chapman et al., 1994). The measurement
of tree dbh gives an accurate representation of the actual size of the tree and, therefore, can be
expected to reflect the level of fruit production. It should be noted, however, that this method
could over-estimate yields, as crop sizes are not uniform and can vary year to year and the
use of visual counts alone could produce inaccurate estimates, as inter-observer variability
can cause errors and small fruits can be difficult to see. The combination of visual estimates
of crop size and tree dbh measurements are widely used throughout research sites and, thus,
the data from Sabangau were also collected in this way. In order to reduce inter-observer
variability, monthly surveys were carried by the same small team of skilled Indonesian postgraduate assistants with at least 5-10 years’ experience of conducting monthly surveys and
who were tested regularly for consistency (Morrogh Bernard, 2009).

(B)

VEGETATION PLOTS

Each of the current permanent plots consists of two sub-plots (belt transects) measuring 5 x
300 m (0.15 ha) on either side of the transect. In each plot the diameter of the trunk (stem) of
every tree has been determined, measured at a standard height (diameter at breast height 1.3
m above the ground, dbh; (Page et al., 1999). Within the southern sub-plot on each transect
all trees ≥ 6 cm, lianas ≥ 3 cm and figs ≥ 3 cm dbh have been tagged, measured and
identified. The northern belt transects measure 5 x 500 m (0.25 ha) and instead include all
trees ≥ 20 cm dbh, which have also been tagged, measured and identified. These plots cover
an area of 3.3ha within the mixed peat-swamp forest. Of this 3.3 ha, 2.4 ha were monitored
for trees ≥ 20 cm dbh, whereas only 0.9 ha were monitored for trees ≥ 6 cm dbh. The values
for trees 10-19.9 cm dbh within the southern belt transect were then extrapolated to account
for the smaller plot area for this size class (Morrogh-Bernard, 2009).

(C)

FIELD PROCEDURE

All plots are monitored each month by a team of the same observers to reduce the interobserver variability. With the use of binoculars, the observers record the level of flower, fruit
and young leaf production, scoring every tree related to the abundance of each of these and
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including the phase of development of flowers and fruits (i.e. flower buds or open flowers,
ripe or unripe fruit). These data were collected in the following way:
i)

Stage of development

By observing the crown of the tree, the stage of development of flowers, fruit or leaves were
classified as follows:
1) open flowers
2) flower buds
3) unripe fruits
4) ripe fruits
5) young leaves
Note: Mature leaves were omitted from this study, as orang-utans tend only to eat the young
leaves of most trees.

ii)

Item Class

A visual estimate of the number of fruits in a certain tree by sub-sampling an area in the
tree’s crown (i.e. a branch), counting all the food items in that area and extrapolating this for
the whole tree classified as follows:

a)

1

-

5

b)

5

-

10

c)

11

-

25

d)

26

-

50

e)

51

-

100

f)

101

-

500

g)

501

-

1000

h)

1001

-

2000

i)

2001

-

4000

j)

4001

-

6000

k)

6001

-

8000

l)

8001

-

10,000

m) > 10,001
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iii)

Crop Abundance

Crop sizes of fruits, flowers and leaves were estimated and a score (0-4) assigned based on
percentage of tree covered with fruits, flowers or young leaves, as follows:
0) None
1 –

25 %

2) 26 –

50 %

3) 51 –

75 %

1)

4) 76 – 100 %

From these scores, monthly abundance scores were calculated to give a production index as
follows:

(Chapman et al., 1992; van Schaik, 1986).
For all analyses, only species that were known to be orang-utan food items were included in
order to give a more accurate representation of orang-utan food availability.

2.3 ANALYSIS METHODS
2.3.1

DOMINANCE ANALYSES

Dominance was investigated by constructing a dominance matrix based on observed
encounters, and using this to generate a linear dominance hierarchy model using OpenBUGS
v3.2.3 rev 1012 (Lunn et al., 2009). and CodaReader version 1.2.2 – November 2009
(Adams, 2005). Long-call behaviour was also taken into account, in order to assign
approximate dominance ranks to each individual at different times during the research period,
in order that these could then be used to explore the effects of dominance rank on social
behaviour and to be used in later analyses of day ranging behaviour.
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Statistical analyses for associations between dominance rank and social behaviour were
performed using Generalized Linear Mixed Models (see Section 2.3.3: Statistical Analyses).
Further details are given in Chapter 3: Dominance.

2.3.2

DAY-RANGE ESTIMATES

Day-range estimates were made using data collected by myself and my assistants during the
course of this study, in addition to historical data at the site dating back to 2003. Only data
from full-day nest-to-nest follows were used for these analyses.
Several aspects of day-ranging behaviour were considered, in order to ascertain the predictor
variables affecting them: total distance travelled during the day (daily-path length, DPL);
overall nest-to-nest distance (nest displacement); a directness ratio, calculated as a ratio of the
displacement to the daily-path length; speed; and the proportion of the active period of the
day spent travelling. Statistical analyses were performed using Generalized Linear Mixed
Models (see Section 2.3.3: Statistical Analyses). Further details are given in Chapter 4: Day
Range.

2.3.3

STATISTICAL ANALYSES

As is the case in all studies of wild orang-utans, the semi-solitary nature and the difficulties
associated with finding orang-utans in the forest, especially specific individuals, meant that
individuals could not be observed systematically according to a standardised sampling
structure and were sampled opportunistically, as and when they were found. Thus, some
individuals are represented by a single day’s follow and others by multiple follow days over
several months, seasons or years.
Inter-individual differences have been found between flanged male feeding patterns at other
sites (Knott, 1999); thus, it stands to reason that other aspects of their behaviour may also be
subject to individual variation. Currently, there is no standardised way in which to analyse
this type of behavioural data for orang-utans and researchers have used several different
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methods (Rodman, 1977; Galdikas, 1988; Mitani, 1989; Leighton, 1993; Knott, 1999; Fox et
al., 2004; Morrogh-Bernard et al., 2009).
In this study, statistical analysis was performed using Generalized Linear Mixed Models
(GLMMs). The GLMM allows for account of repeat observations on individuals by including
individual name as a random factor (West, 2009). These analyses were conducted by using
the SPSS v21 statistical software package (©IBM Corp. Released 2012. IBM SPSS Statistics
for Windows, Version 21.0. Armonk, NY: IBM Corp.).
Examination of Q-Q plots was used to ascertain the most appropriate testing distribution for
dependent variables, and the variables transformed if necessary. Restricted maximum
likelihood methods were used in model estimation and Satterthwaites F tests used to test for
fixed parameter effects, as these methods are robust against unequal sample sizes and
violations of the assumptions of the model (Keselman et al., 2001). All predictor variables
that were hypothesised to have an effect on the target variable were included in the initial
model, and a stepwise reduction approach was taken with reference to the Akaike Corrected
Information Criterion (AICC), in which the model with a lowest AICC was selected as the
model of best fit. In all cases, a p-value of significance was p < 0.05.

2.3.4

HOME-RANGE ESTIMATES

The home range sizes of the male orang-utans in this study have been estimated using GPS
data collected by myself and my assistants during the course of this study, in addition to
historical data at the site dating back to 2003 for certain individuals. For this section of the
analysis, it was not necessary to limit the data to full-day nest-to-nest follows; all occasions
on which an individual has been identified by an experienced member of staff have been
included in the dataset.
Of course, even with the extensive effort put into finding and identifying male orang-utans at
the remote sub-sites, it is likely that some males that incorporate the satellite sites within their
home range will not be detected at these sites; consequently, useful information can only be
gleaned from the presence of a male at sub-site, and not his absence. Similarly, although the
extended follows of male orang-utans at the SA site improve our knowledge of where these
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individuals travel, there will be some areas of a male orang-utan’s range that have not been
recorded in the data, as a result of them not visiting these areas during the days they were
followed. Thus, it is inevitable that the estimates of range size produced by these methods are
incomplete, representing a minimum range size rather than an absolute.
It must be remembered, however, that with current technology, it is logistically impossible to
produce a complete estimate of home range size, and that the estimates produced in this
study, therefore, represent the most complete assessment currently available.
Analysis of GPS data was performed using ArcGIS v10.2 (©ESRI. 2011. ArcGIS Desktop:
Release 10. Redlands, CA: Environmental Systems Research Institute). In most previous
studies on orang-utan home ranges the very simple, circle, grid or Minimum Convex Polygon
(MCP) methods have been used (Parsons, 1999; Singleton, 2000; Morrogh-Bernard, 2009).
In light of this, and in order to compare the home range data generated by my field methods
to those of previous studies, I have calculated MCP estimates of home range for the male
orang-utans in this study. Kernel home range analysis (as described by Worton, 1989),
however, is recommended as a more accurate method for analysing range use producing an
unbiased density estimate directly from the GPS data points, which is not influenced by grid
size or placement (Silverman, 1986); these methods were also followed by Wartmann et.al.,
(2010) in their study of female home-ranges at the Tuanan research site. Thus, kernel density
estimates (KDE) have also been used to calculate estimates for the males in this study, using
the Least Square-Cross Validation (LSCV) method. Further details are given in Chapter 5:
Home Range.

2.3.5

GENETIC ANALYSIS AND RELATEDNESS

The faecal samples collected during this study were analysed as part of an ongoing
collaboration with Michael Krützen and the Evolutionary Genetics Group at the University of
Zürich. DNA extraction and analysis was performed by Livia Gerber.
Maternally-inherited mitochondrial DNA (mtDNA) markers were used to identify haplotypes
and maternal lines, and autosomal DNA was analysed to investigate relatedness. Full details
on the methods are provided in Chapter 6: Relatedness and Dispersal.
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3 DOMINANCE
3.1 INTRODUCTION
3.1.1

INTRODUCTION TO DOMINANCE

The social structures of most social species are characterised by dominance hierarchies
(Hinde, 1976; Ellis, 1995), and these hierarchies are particularly complex in primate species
(Cowlishaw and Dunbar, 1991; Watts, 1994; Ellis, 1995; Aureli et al., 2012). Dominance has
been described as the power one individual exerts over another through intimidation, which
may result in displacement of an opponent or priority of access to resources (Fedigan, 1982).
This competition in males may be for food, space, females or all of these (MacKinnon, 1974).
Female dominance hierarchies are either matrilineal or based on age or body size, and there is
variation between primate species in whether these female hierarchies are transient or stable
(Clutton-Brock et al., 1986; Harcourt, 1989; Johnson et al., 2014). Male hierarchies, on the
other hand, are generally established and maintained through straight-forward competitive
interactions and rank acquisition is a function of an individual’s intrinsic power and fighting
ability (Ellis, 1995). Direct fighting, however, is both energetically costly and risky (CluttonBrock et al., 1979), and so, in many species, alternative measures exist by which males can
assess one another’s power without risking serious injury (Wilson, 1975; Clutton-Brock et
al., 1979). These may involve visual cues such as physical size and display of weapons, such
as antlers or teeth (Clutton-Brock et al., 1979; de Waal and Luttrell, 1985), or auditory cues,
such as calls, which may contain information on the caller’s identity and body size
(Steenbeek and Assink, 1998; Owren and Rendall, 2001).
Dominance hierarchies are generally considered to confer certain advantages on those
deemed to be of high rank; for males, these include improved access to resources, such as
food and receptive females and, consequently better health and better overall reproductive
success (Clutton-Brock et al., 1979; Harcourt, 1989; Ellis, 1995). In primates, the link
between dominance status and reproductive success in primates is controversial. Other traits
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closely related to dominance, such as age and overall health, act as confounding factors, and
some authors argue that in certain species it may be age rather than dominance that is the key
determinant of reproductive success (McMillan, 1989; Bercovitch, 1991). Nevertheless, other
authors have continued to find a relationship between dominance and reproductive success in
primate species despite standardising for age (Dunbar and Cowlishaw, 1992).
Furthermore, in circumstances in which resources are not limited or defendable, it has been
suggested that the reproductive success of subordinate males may equal or exceed that of
dominant males, as so much of the dominant males’ time and energy is occupied by
maintaining their status (Ellis, 1995); alternative reproductive strategies capitalising on this
opportunity can be found in several bird species, including song sparrows (Melospiza
melodia; Smith and Arcese, 1989) and the ruff (Philomachus pugnax; van Rhijn, 1973);
amphibians, e.g. natterjack toads (Bufo calamita; Arak, 1988); reptiles, e.g. green iguana
(Iguana iguana; Pratt et al., 1994); a number of fish species, including the pupfish
(Cyprinodon pecosensis; Kodric-Brown, 1986) and the plainfin midshipman, (Porichthys
notatus; Grober et al., 1994); as well as in mammals, specifically savannah baboons (Papio
cynocephalus; Smuts, 1985), rhesus macaques (Macaca mulatta; Berard et al., 1994) and the
unflanged male orang-utan (see Section 1.1.2: Morphology).
Dominance can be assessed through two broad effects: priority of access to resources, in
which the dominant individual is able to displace subordinate individuals and gain free access
to the desired resource (which might be food or a sexual partner); and interactions between
individuals, in which one individual is aggressive or threatening and the other behaves in a
submissive manner or flees (Ellis, 1995). Several algorithms for generating linear dominance
hierarchies from the results of observed interactions have been published (Clutton-Brock et
al., 1979; David, 1987; De Vries, 1998; Albers and de Vries, 2001). Nevertheless, elucidation
of dominance hierarchies based on observed interactions can be challenging, due to their
complex and dynamic nature (Drews, 1993; Ellis, 1995). As noted by Clutton Brock (1979)
in a study of red deer (Cervus elaphus), the number of aggressive interactions won does not
give a true indication of dominance hierarchy unless the rank of the individuals beaten is also
known; furthermore, dominance can shift rapidly and compilation of data over a long period
may encompass several changes in hierarchy. In Watts’ (1994) study of relationships between
female mountain gorillas (Gorilla gorilla beringei), it was not possible to construct linear
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hierarchies amongst the females of most groups observed, as the agonistic interactions
between pairs of females were not consistently unidirectional.
Thus, given the complexity and possible non-linearity of primate dominance structures, a
holistic and integrated approach, evaluating both direct interactions and indirect interactions
through calls, may be required in order to be able to elucidate the approximate dominance
status of different males at different times.

3.1.2

MALE DOMINANCE IN ORANG-UTANS

In Sumatra, it is clear that a single flanged-male orang-utan is dominant over all the other
males in an area at any one time and his home-range is more restricted than other nondominant males (te Boekhorst et al., 1990; Singleton and van Schaik, 2001; van Schaik,
2004; Mitra Setia et al., 2009; Utami Atmoko et al., 2009b). Evidence for this system in
Bornean orang-utans is lacking, and it seems from the limited data that the social system
differs between the two islands (see van Schaik and van Hooff, 1996): the Bornean system
has been described as featuring “roving-male promiscuity”, compared to the “socially-distinct
but spatially-dispersed communities structured around a single dominant male” in Sumatra
(Delgado and van Schaik, 2000; Singleton and van Schaik, 2002).
The system of roving-male promiscuity on Borneo can be inferred through the lack of
distinctively “resident” dominant males over long periods, higher ratios of flanged to
unflanged males identified within, and travelling through research areas, and more instances
of female harassment and forced copulations observed by researchers (Galdikas, 1985a;
Singleton and van Schaik, 2002; Mitra Setia et al., 2009). As no resident dominant male is
easily recognisable in most studies from Borneo, it is necessary to investigate dominance
within flanged males by examining the results of direct competition between individuals, in
the form of observed aggressive encounters, and assessing an individual’s behaviour based on
their reaction to social stimuli (i.e. long calls).
Direct competition remains the most accurate method of assessing dominance within flanged
male individuals, but, despite the degree to which ranges overlap, male-male encounters are
observed infrequently by researchers. The number of flanged males displaying numerous
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scars, particularly on their faces and cheek pads, as well as some individuals bearing broken
and missing digits on their hands and feet, suggests these physical contests do occur quite
frequently, although the majority are not witnessed (Galdikas, 1985a; van Schaik and van
Hooff, 1996; Morrogh-Bernard, 2009; pers. obs.).
Flanged males are extremely intolerant of each other, and there are no reports of flanged
males tolerating association with each other in the wild. If two flanged males meet,
aggressive displays involving body shaking, inflation of the throat sac, branch breaking and
calls are used to intimidate the opponent, and usually one or other male will flee the
encounter, but in rare cases an aggressive interaction will ensue (MacKinnon, 1974; Utami
Atmoko et al., 2009b; pers. obs.). In Ketambe, Sumatra, the majority of observed aggressive
interactions occurred near highly-coveted resources (for instance, fig trees with ripe fruit),
although serious physical aggression was only observed on a few occasions (Utami and Mitra
Setia, 1995a). It has been suggested that physical fights may be more common between
Bornean flanged males than Sumatran (Mitra Setia et al., 2009), but to date there are no
quantitative data to support this.
Researchers concur that flanged males are dominant over unflanged males (Galdikas, 1985b;
Mitani, 1985c; van Schaik and van Hooff, 1996; Utami Atmoko et al., 2009b) and that
unflanged males, being much smaller and more agile than flanged males, can easily avoid
aggressive encounters even when in fairly-close proximity to the flanged male. It has been
observed, however, that old and/or weak flanged males occasionally flee from some larger
unflanged males, as post-prime individuals are gradually displaced by the males just reaching
their own prime years of fitness (pers. obs.); an individual’s status or dyadic relationship with
other flanged males can also fluctuate over short periods, relative to their body condition and
even their confidence at a specific time, if they deem their rival to be weaker. Unflanged
males seem to be tolerant of other unflanged males and are even known to associate on
occasion, especially when younger (Galdikas, 1985a; van Schaik, 1999; Utami Atmoko et al.,
2009b).
Thus, whilst direct observations of confrontations between males can contribute to our
knowledge of their social status, many observations are required to determine the overall
structure of dominance in the community.
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3.1.2.1

MALE DOMINANCE AND THE LONG CALL

Conspicuous long-distance calls are used by many primate, bird, frog and insect species, to
mediate communication and social interaction over distance (Wich and Nunn, 2002). It has
been suggested that these vocal signals developed particular importance in dense woodland
and tropical rainforest, as visual communication in these habitats is limited over distance
(Waser and Waser, 1977). On an evolutionary scale, sexual selection can act on
communication traits such as long-distance calls, such that individuals with exaggerated or
complex calls are more reproductively successful and, thus, the genetic predisposition to
those traits are promoted in subsequent generations.
Such sexual selection for male calling traits can occur through two mechanisms: inter-sexual
selection, in which females express mate choice and preferentially mate with males
producing the elaborate call; or intra-sexual selection, in which some feature of the male’s
call serves to promote his reproductive success relative to that of other males, by reducing the
likelihood of interaction with or aggression from other males (Snowdon, 2004). For example,
in playback experiments with flycatcher species (Ficedula spp.), it was found that male song
attracts females into his territory (Eriksson and Wallin, 1986); acoustic analysis of the songs
of male great reed warblers (Acrocephalus arundinaceus) has revealed structural differences
between the short songs produced as warnings to other males and the longer, more complex
songs produced to attract females (Catchpole, 1983). Despite the different mechanisms by
which such calls may be selected, the complex information coded in vocal signals means that
the same call may act as a male deterrent and simultaneously appeal to females; thus,
dissecting the functions of these calls is complicated.
Within primates, most evidence in the literature is consistent with a role of intra-sexual
competition in selecting for calling behaviour (Delgado, 2006): from playback experiments a
strong role of these calls is suggested in inter-group spacing in gibbons (Hylobates agilis and
H. muelleri; Mitani, 1985a; Mitani 1985b; Mitani, 1987), gray-cheeked mangabeys
(Cercocebus albigena; Waser, 1977), and howler monkeys (Alouatta palliata; Whitehead,
1987). There is also evidence of reduced calling behaviour with decreasing rank or increasing
age, supporting the theory of a relationship between physical fitness and vocal signals (Erb,
2012); this has been noted in chacma baboons (Papio cynocephalus ursinus: Fischer et al.,
2004), chimpanzees (Pan troglodytes; Mitani and Nishida, 1993), guerezas (Colobus
guereza; Harris, 2006), macaques (Macaca nigra; Neumann et al., 2010) and Thomas’
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langurs (Presbytis thomasi; Steenbeek et al., 1999). Other authors have argued that, for
group-living primates, deterrence of unknown males acts to defend mates and, thereby, both
inter- and intra-sexual selection of the calls is promoted (van Schaik et al., 1992; Wich and
Nunn, 2002). Evidence of female attraction to specific features of male calls, however, is
lacking for most primate species (Snowdon, 2004).
The high cost of direct male contest competition in orang-utans, is proposed by Mitani
(1985d) as the basis for indirect competition through long calls. These calls, first described by
MacKinnon (1974), are emitted by flanged males across the forest and can be heard 1 km
away (Horr, 1975; Galdikas, 1983). The deep booming pulses towards the end of the call
resonate the furthest distance and within peat swamp forests can to be heard up to 1.5 km
away (Spillmann et al., 2010); subtle differences in acoustic properties enable individual
males to be identified from their long calls (Delgado, 2007; Lameira and Wich, 2008). Long
calls are thought to act as a spacing mechanism between flanged males and to advertise their
presence to females in the area (Galdikas, 1983; Mitani, 1985c; Mitra Setia and van Schaik,
2007), although it is suggested in more recent studies that the function of the Bornean male’s
long call may vary based on its context (Spillmann et al., 2010).
It has been shown in studies at the Sumatran sites that dominant males often approach the
long calls of other flanged males within an audible range and that the most dominant males
also have the highest rate of long calls (Rijksen, 1978; Mitra Setia et al., 2009). In addition,
despite differences in the social system between the two islands, it has also been shown in
Borneo that dominant males long call more frequently than other individuals and that
dominant males approach long calls of other individuals (MacKinnon, 1974; Galdikas, 1983;
Mitani, 1985d); conversely, the lowest-ranking males long call the least often, and retreat
from or avoid the direction from which a long call was heard (Galdikas, 1985a; Mitani,
1985d; Mitra Setia and van Schaik, 2007).
Whilst these findings support the function of the long call as a means of avoiding aggressive
encounters between males, this theory has been brought into doubt recently by several
authors, who argue that, if the primary function of the call was male spacing, the fact that all
flanged males produce long calls would be extremely risky for low-ranking males, as they are
advertising their position to the dominant male in the area and, thus, could be attacked (Mitra
Setia and van Schaik, 2007; Delgado, 2007). From these observations it is suggested that the
long call has a greater role in attracting females than in male competition. The function of the
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long-call as a male spacing mechanism, however, would still be beneficial in these
circumstances, as it would be advantageous for the male to position himself in such a way
that his long call is audible to the females in an area without excessive competition from the
long calls of other males. In this way, males benefit from an “ideal free distribution”, in
which they are distributed according to the distribution of females in an area (Fretwell, 1972).
From Ketambe, in Sumatra, long-calling rate alone cannot be used to determine dominance
rank, as the dominant male had a far lower long-call rate than the male who challenged and
ultimately usurped his position (Utami Atmoko et al., 2009b). Nevertheless, Mitra Setia and
van Schaik (2007) report from Suaq that more dominant males tend to approach the long calls
of other males and have a higher long-call rate.
Thus, assessment of long-calling behaviour, both in terms of the number of long calls
produced and the response to long calls of other males, can offer additional information on an
individual’s social rank or dominance.

3.1.2.2

MALE STATUS AND REPRODUCTION

Male ranging has been described as a response to the availability of receptive females in most
mammal species (Trivers, 1972). Singleton and van Schaik (2002) noted that, in Suaq, the
dominant male was virtually always present in the research area during a period of much
sexual activity, but was absent in the subsequent period when females were not receptive; in
contrast, other non-dominant flanged males were more likely to be found in the study area
during this time. Thus, it has been suggested that dominant flanged males concentrate their
ranging around receptive females, forcing non-dominant flanged males to range elsewhere for
risk of confrontation; as such the non-dominant flanged males range over much larger areas
in an attempt to find receptive females that are not monopolised by the dominant male (Utami
Atmoko et al., 2009b). It is also suggested that females may remain within audible distance
of the dominant male’s long calls, possibly in an effort to avoid other males (Galdikas,
1985a; Fox, 2002; Mitra Setia et al., 2009), as females generally seem to favour the dominant
male and may even seek him out when sexually receptive or if being harassed by nonpreferred males (Fox, 1998; Fox, 2002; Utami Atmoko et al., 2009a).

51

Chapter 3: Dominance
The mating strategies of flanged and unflanged male orang-utans also reflect differences in
their social status. Unflanged males are opportunistic, as they harass and force copulation
with females, even if the female is not reproductively receptive (Knott et al., 2010). This has
been observed to occur even when flanged males are nearby, although sometimes females
will seek out flanged males to protect them from unflanged males (Galdikas, 1985a; Fox,
2002; Mitra Setia et al., 2009). This reproductive strategy is thought to be an alternative to
that of the larger, less-agile flanged males, which are relatively sedentary, and instead “sit
and wait” for fertile females attracted by their long calls (Utami et al., 2002).

3.1.3

HYPOTHESES

Thus, in this chapter I examine several aspects of dominance behaviour, including observed
confrontations and long-calling behaviour, to ascertain the dominance rank of flanged male
individuals within the Sabangau population. By identifying those males most dominant at
different times during the study period, it will also be possible to investigate how social
aspects of their behaviour depend on their social rank, and to use this information in later
chapters exploring ranging behaviour specifically.
The hypotheses to be tested in this chapter are as follows:
1. I expect that dominant males encounter females more often than lower-ranking males.
2. I expect that dominant males associate with females for longer periods than lowerranking males.
3. Regarding the function of the long call:
a. If the long call acts primarily to attract females, I expect that on follows when
males are producing more long calls, they are more likely to encounter
females compared to males with a lower long-call rate.
b. If the long call serves primarily as a male spacing mechanism, I expect that
there is no difference in female encounter rate between males with different
long-call rates.
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3.2 METHODS
3.2.1

DETERMINING DOMINANCE

3.2.1.1

OBSERVED CONFRONTATIONS

Any confrontations observed between two males were recorded in the observation notes.
These often took the form of physical challenge, in which one male might chase and the other
flee, or in the form of a male fleeing from a close-range long-call from a known male (i.e.
where the caller could be definitively identified). Confrontations involving physical contact
were rare. In all cases, the “winner” and “loser” of the confrontation were identified.
From the records of these observed encounters, a dominance matrix was produced; this was
analysed by a Bayesian inference using Gibbs sampling method in OpenBUGS v3.2.3 rev
1012 (Lunn et al., 2009). The data were tested for suitability for this analysis by checking for
convergence of two Markov chains, plateauing of quantiles and stabilisation of the GelmanRubin statistic within 60,000 iterations. For suitable datasets, analysis was repeated with a
single chain to 60,000 iterations, and the output further analysed by CodaReader version
1.2.2 – November 2009 (Adams, 2005).
This analysis generated a series of possible linear hierarchies between individuals, along with
a posterior probability for each (a measure of the likelihood that the hierarchy accurately
represented the true dominance relationships). The model was adjusted by combining males
into groups of equal rank, to determine the model with the highest posterior probability, thus
representing the linear dominance model of best fit to the data.

3.2.1.2

LONG-CALL BEHAVIOUR

In order to investigate dominance as expressed by long-call behaviour, male long-call data
were categorised into three groups according to the rate of long calls, a score assessing the
number of calls heard versus calls made, and the number of long calls pursued and avoided.
These three aspects were then used to create a combined index to identify which males
exhibited more dominance through their long-call behaviour, based on the traits recognised in
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dominant males from other, mainly Sumatran, studies (c.f. Utami Atmoko et al., 2009a).
These figures were calculated for each flanged male for each year he was present within the
research grid system. The long-call dominance index was then compared to observed malemale interactions to see if long-calling behaviour gives an accurate representation of
dominance.
All follows, including both full- and partial-day follows were included in the analyses.
Although long-calling behaviour is not constant throughout the active period, the rate of long
calls in the partial-day follows was not significantly different to the rate during full-day
follows (Mann-Whitney U test: U = 60459, Z = -1.672, p = 0.094), suggesting that inclusion
of this broader dataset would not present a significant bias to the indicators of long-calling
behaviour.

(A)

LONG-CALL RATE SCORE

The mean rate of long calls (expressed as LC/h) made by the focal male during the follows
was calculated:

These long-call rates were scored 1 (≤ 0.33 LC/h), 2 (0.34 - 0.65 LC/h) or 3 (≥ 0.66 LC/h).

(B)

LONG-CALL RESPONSE SCORE

A score was produced for each male according to the number of long calls made in relation to
long calls heard that day. It was not possible to determine which individuals produced the
long calls heard on each follow and, thus, whether they were subordinate or dominant to the
focal male; this score, therefore, represents an average response to the males heard on that
day.
Each qualifying follow was assigned a score as follows: 1, if long calls were heard but the
focal male did not produce any long calls; 2, if long calls were heard during the follow and
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the focal male produced long calls up to the same number as were heard; or 3, if the focal
male made more long calls than were heard during the follow. Follows on which no long
calls were heard or made by the focal male were eliminated from these calculations.
For each male, a mean LC score, calculated from the mean scores attributed to his follows,
was calculated for each year of the study.

(C)

LONG-CALL PURSUIT AND AVOIDANCE SCORES

Every long call heard on follows was recorded on the observation sheet, with the approximate
direction (measured by compass) and distance (estimated based on volume and quality) from
which the long call came; start and finish times were also noted. Any obvious reaction from
the focal animal is noted, such as whether they continued eating, stopped to listen, started
moving or long-called in response. Again, it was not possible to determine whether the long
calls heard were produced by individuals subordinate or dominant to the focal male; this
score, therefore, represents an average response to the males heard on that day.
The overall direction of travel of the focal male after the long call was heard was compared to
the direction from which the long call came, in order to establish whether the focal male, over
the course of the follow, was moving towards or away from the long call heard. In cases
where the direction of travel was perpendicular to the direction of the long call (moving
“across” the long call) or if the focal animal was in a nest and did not move, these cases were
categorised as neither towards nor away from the long call.
Long-call pursuit was calculated as the percentage of long calls heard, which were pursued
by the focal male, expressed by travel towards the direction of the long call:

The percentage of long calls pursued in a specific year were then split into three groups and
given a score of 1 (≤ 33%), 2 (34 - 65%) or 3 (≥ 66%).
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Long-call avoidance was calculated as the percentage of long calls heard, which were
avoided by the focal male, expressed by travel away from the direction of the long call:

The percentage of long calls avoided in a specific year were then split into three groups and
given a score of 1 (≥ 66%), 2 (34 - 65%) or 3 (≤ 33%).

(D)

LONG-CALL DOMINANCE INDEX

A long-call dominance index was calculated for each male for each year, as the mean of his
long-call rate, response, pursuit and avoidance scores, giving a final index between 1 and 3.

3.2.1.3

TEMPORAL CHANGES IN PRESENCE

As dominant males are thought to restrict their ranging to a smaller area, particularly when
there are receptive females in that area, it is also presumed that presence in the research grid
or the number of follow hours observed may also indicate an individual’s dominance.
Presence was calculated as the proportion of months of each year in which an individual was
encountered within the grid. For years in which orang-utan searches were not conducted in all
months, only the months in which searches were conducted were considered; thus the index
for 2003 represents 4 months (from September 2003 to December 2003), and the index for
2012 represents 9 months (February 2012 to October 2012; January 2012 was omitted as
work was suspended in this month).

3.2.1.4

TEMPORAL CHANGES IN FEMALE RECEPTIVITY

During the 9-year study period, 12 offspring were born to 7 resident females within the
Sabangau research grid; these are listed, with estimated dates of birth and dates of
conception, in Table 3.1. No new infants were seen in the 12 months following the end of the
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Table 3.1: Infants born during the study period, with estimated dates of birth and conception.

field period (Morrogh-Bernard, pers. comm.) and so no known conceptions occurred in the
final period of the study.
As dates of birth and conception are approximate, female-receptivity indices were created
based on the monthly proximity to each presumed conception date. Months within a fivemonth window (i.e., extending two months either side of the estimated conception month)
were scored 3; months three and four months either side of conception were scored 2, and
finally months five and six months away from conception were scored 1. Where female
receptivity overlapped and more than one infant was conceived in a year, a cumulative score
was produced. This scoring method is illustrated in Table 3.2 for a sub-set of the study
period, encompassing the presumed conception dates of Fio, Gretel and Trevor (between
October 2008 and October 2010).
The relative presence of each male was considered across months of different female
receptivity, in order to elucidate whether female-receptivity index had a significant
correlation with male presence. Observed matings were also considered.
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Table 3.2: Illustration of scoring method to generate female-receptivity indices for each month
in the study from September 2003 to October 2012, based on proximity to presumed conception
dates. Sub-set of study period shown, from October 2008 to October 2010, encompassing three
presumed conception dates.

3.2.2

SOCIAL EFFECTS OF DOMINANCE

In order to test the hypotheses outlined at the start of this chapter (see Section 3.1.3:
Hypotheses), the effects of dominance rank on social behaviour of males, such as
encountering females and the time spent in association with a female once found, were tested.
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For the purposes of these analyses, an association was defined as the period of time the focal
male was within 50 metres of at least one female and the association was deemed to have
ceased when the female was at least 50 metres away from the focal male. The female’s
identity was noted when possible; sometimes it was not possible to identify the female,
beyond assessing sex and whether she was accompanied by a dependent infant, whilst
maintaining observations on the focal male. Because of this potential ambiguity, it was not
possible to categorise associations confidently as being with receptive or unreceptive females
and, thus, no such analysis has been attempted.
For analyses of female encounter, follows were classified on a binary scale according to
whether the male had spent any time with a female that day. Analyses of female association
period were based on the number of minutes of the day spent in association; data on the
length of association periods were taken from the five-minute instantaneous sampling
behavioural data, and therefore can be considered to be accurate to the nearest five minutes.
Generalised Linear Mixed Models (GLMMs) were used to assess these relationships. The
most appropriate distribution for each target variable was determined; as such, female
encounter was investigated by binomial logistic regression; female association was
transformed to a logarithmic scale and investigated by linear regression. In all models, orangutan name was identified as a random factor in order to account for individual variation.
Other factors which might influence these variables, such as season, fruit availability, flower
availability, overall long-call rate and long-call rate before meeting a female (or on days
when a female was not encountered) were also included in the initial model as fixed factors,
and eliminated stepwise to produce the model with the lowest AICC value (see Section 2.3.3:
Statistical Analyses).
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3.3 RESULTS
3.3.1

DETERMINING WHICH MALES WERE DOMINANT

3.3.1.1

OBSERVED CONFRONTATIONS

Due to the unavoidably inconsistent nature of the data collection, concerning the rate of
finding male orang-utans and variable search effort (man-power), observed encounters can
only give a general idea of what was occurring in the research area in a specific period and
cannot be interpreted as a complete representation of dominance hierarchies at a particular
time. Nevertheless, the observed encounters allow us to construct a clearer view of direct
relationships between individuals and an indication of how fluid tenure of dominance is
within the males of this species.
Over the course of the study, a total of 51 aggressive encounters were observed between two
flanged males, as well as five instances in which a flanged male was observed fleeing from
an unflanged male or a female; the results of these confrontations are shown month by month
in Table 3.3. The majority of the encounters between flanged males were resolved without
physical contact, as one of the flanged males would descend a tree and flee on foot (pers.
obs.); it was not unusual for the encounters to be too brief for conclusive identification of the
non-focal individual. On six occasions, however, two equally-matched flanged males were
observed to challenge each other and a violent physical confrontation ensued, concluding
only when the defeated party would silently flee the area along the ground.
None of the five occasions involving an unflanged male or a female involved physical
contact. Both of the flanged males involved (Wallace and Franky) had passed their prime,
were in poor condition, underweight with a deflated slack throat sac and reduced cheek pads.
The unflanged males involved were in the early stages of the flanging process and one had
been recorded twice practising his long calls. Wallace was clearly a low-ranking male, and
despite being seen in encounters with four flanged males, always fled from the confrontation.
In another incident Wallace, upon hearing movement in the trees nearby, did not wait to
observe a juvenile female before fleeing the area; it is thus presumed that he was avoiding
any possible chance of conflict due to his condition.
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December

November

October

Sepember

August

July

June

May

April

March

February

January

Month

Franky

Wins

2009

Mozart

Hengky

Beethoven Beethoven UNFM Mozart

Nugget

UNFM

Oberon Salvador Salvador Jupiter

Wallace

Mozart

Beethoven

Hengky

Drake

Hengky

UNFM

UNFM

Hengky
UNFM

Franky
Drake

Peterpan UNFM

Hengky

Oberon

Jupiter

Drake

UNFM

Oberon

Franky

Wallace

UNFM

Fenser

Oberon Mozart

Mozart

UNFM

Jupiter

Vulcan-UFM Wallace Marvin UNFM

UNFM

Peterpan UNFM

Peterpan UNFM

UNFM

Jupiter

UNFM

Beethoven

Oberon Marvin

Wins Loses Wins Loses

2008

Wallace

UNFM

Hengky

UNFM

Loses Wins Loses

2007

UNFM

Franky Beethoven

UNFM

Wallace Beethoven

Loses

2006

Beethoven

Hengky x3

Franky x3

Hengky

Hengky

Wins

2005

Franky

Wallace

Shima- F

Vulcan-UFM Wallace

Franky

Loses

Beethoven

2004

Beethoven

Wins

Hengky Hengky

Loses

Beethoven UNFM UNFM

UNFM

Wins

2003

Wallace fled.

Wins

Loses

2011

Wilberforce

UNFM

Victor

UNFM
Thor

Jupiter

UNFM

Louis

UNFM

Salvador

Franky Hades-UFM Franky

Loses

Hades- UFM Franky

Oberon

Wins

2010

Salvador

Loses

Peterpan Genghis

UNFM

Wins

2012

to be identified). Vulcan-UFM and Hades-UFM are unflanged males who won confrontations against flanged males; Shima-F is a female from whom

and which lost (fled or was defeated). Black Cells indicate physical confrontations. UNFM = Unknown flanged male (usually not seen clearly enough

Table 3.3: Observed confrontations involving flanged male orang-utans, with indication of which individual won (chased or stood their ground)
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An overall dominance matrix, based on these observed interactions from September 2003 to
October 2012, is shown in Table 3.4. Analysis of the full dominance matrix in OpenBUGS
and CodaReader failed to determine a linear dominance hierarchy (see posterior probabilities
of the model listed in Appendix I); the model of best fit had a posterior probability
(likelihood of being correct) of <0.001. From the confrontation data, however, we can see
that the rate of male-male encounters is not even throughout the study period: there were

Table 3.4: Dominance matrix for flanged males at Sabangau from September 2003 to October
2012. Unk FM = Unknown Flanged Males; Other = Other age-sex classes (including females and

Marvin

Mozart

Nugget

Oberon

Peterpan

Salvador

Thor

Victor

Vulcan

Wallace

Wilberforce

-

-

-

-

-

-

-

-

-

-

-

- 5/5 -

Claudius

1 1

-

x

-

-

-

-

-

-

-

-

-

-

-

-

-

-

- 1/1 -

-

Drake

3 1

-

-

x

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

- 1/3 -

Fenser

1 1

-

-

-

x

-

-

-

-

-

-

-

- 1/1 -

-

-

-

-

-

-

-

Franky 12 5 1/3 -

-

-

x

- 4/5 0/1 -

-

-

- 0/1 -

-

-

-

-

-

-

- 0/2

-

-

-

-

x

-

-

-

-

-

-

- 0/1 -

-

-

-

-

-

-

Hengky 13 6 2/2 -

-

- 1/5 -

x

-

-

-

-

-

-

-

-

-

- 2/2 - 1/4 -

Jupiter

5 3

-

-

-

- 1/1 -

-

x

-

-

-

-

-

- 0/1 -

-

-

-

- 2/3 -

Louis

1 1

-

-

-

-

-

-

-

-

x

-

-

-

-

-

-

-

-

-

-

- 1/1 -

Marvin

2 1

-

-

-

-

-

-

-

-

-

x

-

- 0/1 -

-

-

-

-

-

- 1/1 -

Mozart

5 3

-

-

-

-

-

-

-

-

-

-

x 1/1 1/2 -

-

-

-

-

-

- 1/2 -

Nugget

1 0

-

-

-

-

-

-

-

-

-
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Table 3.5: Dominance ranks produced by Bayesian inference using Gibbs sampling in
OpenBUGS software, based on results of observed confrontations. Posterior probability reflects
likelihood that these ranks are a true representation of the dominance hierarchy.

intense periods of confrontation (2004; 2006; 2011) followed by months during which either
very few or no encounters were observed. Thus, it is likely that my analysis of hierarchies
based on the full dataset was complicated by shifts in dominance patterns over time, as males
changed from high rank to low rank and vice versa.
In order to explore this further, I separated the dataset into shorter time periods for analysis.
The models of best fit resulting from analyses for 2003-2006 and 2007-2012 are shown in
Table 3.5 (complete lists of posterior probabilities from these models can be found in
Appendix I). The strength of these models, however, is quite low: the posterior probability
scores (or likelihood that these hierarchies truly represent the dominance relationships
between these individuals) were 0.086 and 0.067 respectively.
Based on the timing of the observed confrontations, it is likely that these two time periods
also encompass periods of change in the dominance hierarchy in Sabangau; it was not
possible, however, to divide the dataset into shorter periods, as analysis was impeded by the
small sample size (as evidenced by failure of the model to stabilise after 60,000 iterations).
Piecing together the information from these observed encounters and the results of the
broader linear hierarchy analyses, I constructed an illustration of possible dominance
hierarchies and fluctuations during the 9-year period, as shown in Figure 3.1. It should be
noted, however, that there were probably many more encounters which were not witnessed,
and that the dominance relationships may not be linear or hierarchical between groups of
individuals. Nevertheless, these observed displays of dominance are important to consider
when establishing which males were dominant in the area at different times, and which males
were apparently challenging the dominant male.
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Figure 3.1: Illustration of possible dominance fluctuations over time based on results of observed
confrontations. Diagram structured such that males higher up appear to be dominant to those below.

3.3.1.2

LONG-CALL BEHAVIOUR

Long-call behaviour was examined for 22 flanged males over the nine-year study period as
described in the methods above.
The results include data for the two males which exhibited unhabituated behaviour and were,
therefore, omitted from further analyses: Wilberforce made 24 long calls across two days, but
16 of those were accompanied by branch breaking and kiss squeaks and were aimed at the
observers; Geminus also reacted strongly to observers, and most of his 46 long calls were
accompanied with branch breaking and kiss squeaks. Thus, long-call dominance indices were
not calculated for these two males, as the long calls they made were an artefact of nonhabituated behaviour rather than an indicator of sociality or dominance. Several other males
were only followed on a few occasions, so can only provide a limited representation of their
behaviour over a short period.

(A)

LONG-CALL RATE

The number of long calls emitted by each identified flanged male each year from 2003 to
2012 is shown in Appendix II. From 5330 hours following the identified flanged males,
1997 long calls were made at a mean rate of 0.37 long calls/hour. Peterpan had the highest
mean rate of long calling (0.87 LC/hour), whereas Wallace, despite being followed for over
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440 hours over five years, only made 32 long calls in this time (rate: 0.07 LC/hour)
supporting other behavioural observations that he is a low-ranking male.
Beethoven was followed for the greatest number of hours during the five-year period he was
in the research area, before finally disappearing from the area in 2007; he long called on
average just under the mean rate. Jupiter, who was present in the research area at least once a
year over the whole nine-year period, emitted long calls at a consistently-high rate when
observed; it should be noted, however, that these figures are based on a small number of
follow hours in several of these years.
Interestingly, several of the males showed a gradual increase in long-call rate after the first
year they were identified, maintained a high rate of calling in an intermediary period and then
decreased their long-call rate in later years: this trend of rise and decline was observed to
some extent in the rates of Drake, Franky, Mozart and Oberon. Salvador’s long-call rate

Table 3.6: Long-call rate scores for each identified flanged male, on annual basis from 2003

to 2012. Scores are based on mean long-call rates for each year: 1 (≤ 0.33 LC/h); 2 (0.34 - 0.65
LC/h); or 3 (≥ 0.66 LC/h)
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showed a similar pattern, but seemed to fluctuate year to year, being higher in 2008 and 2010;
this correlated with observed changes in his body condition as the fat deposits in his throat
sac, upper back and cheek pads were seen at times to increase and at other times to be
depleted (pers. obs.).
Thus, the rate of long call could possibly indicate an individual’s development into a more
dominant male; some shorter-term fluctuations in body condition whilst at their prime; and
then subsequent decline in later years.
The long-call rate scores are shown in Table 3.6. The scores given to each male indicated
that the highest rate of long calling only applied to one or two individuals in each specific
year; and no individual male had a rate in the highest group for more than three years. In fact,
only Peterpan had a long-call rate of > 0.66 LC/hr in either consecutive years or for more
than two years overall. Beethoven’s rate score remained consistent whereas Jupiter’s
fluctuated between years. Again, Franky initially scored highly, but his rate decreased
considerably in 2009, correlating with observations of loss of body weight and condition.
Both Mozart (2006) and Salvador (2007) became flanged within the research period, and by
the end of the study had not long-called at a rate in the highest category. As these two
individuals were still relatively-newly-flanged males, further observations in the future may
help elucidate whether these males will long-call more frequently as they mature or become
more dominant, or whether long-call rate is individual-specific.

(B)

LONG-CALL RESPONSE

The numbers of long calls made and heard by each flanged male are shown in Appendix III.
In total, 1997 long calls were made by focal animals, and 767 long calls by other males were
heard, during follows of males between 2003 and 2012.
As with long-call rates (see Section 3.3.1.2(A): Long-Call Rate), long-call-response rates also
showed a trend over time, with low responses to long calls of other males during the first
years an individual is observed, increasing to a period of relatively-high response rates, and
then decreasing in later years. Hengky, Beethoven, and Peterpan all had periods of producing
a large number of long calls in response to those heard. Hengky’s 203 long calls in 2004 were
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in response to 107 heard; this year had the greatest total number of long calls (either by focal
or another male) of the entire period. Beethoven and Peterpan, however, made dramatic
responses to long calls heard: Beethoven produced 241 long calls in response to 37 heard
between 2005-6, while Peterpan produced 237 long calls in response to only 32 heard in
2009. Jupiter’s long-call rate varied over the years, with the greatest response rate in 2007
when he made 73 long calls in response to 17 heard.
Mozart and Salvador responded to few long calls in the first year following their development
into flanged males; in more recent years Salvador’s response rate increased significantly, but
Mozart’s remained consistently low. Wallace consistently responded the least of all the
flanged males calling only 32 times, with 129 long calls heard whilst he was being followed.

Table 3.7: Mean long-call-response scores per year for each flanged male. Scores assigned to
each follow: 1, if long calls were heard but the focal male did not produce any long calls; 2, if long
calls were heard during the follow and the focal male produced long calls up to the same number
as were heard; or 3, if the focal male made more long calls than were heard during the follow;
follows on which no long calls were made or heard were omitted.
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Long-call-response scores, based on long calls made and heard on a follow-by-follow basis
during each year an individual was observed, are shown in Table 3.7. Yet again, Peterpan
had the highest long-call-response score across each year he was observed; on every occasion
that he was followed, he consistently emitted more long calls than were heard from other
males.
From the chart, we can see that other males also had periods of high response to long calls,
although none for more than a single year. Salvador’s score in 2008 was high, despite only
recently developing flanges and could be a result of relatively few other flanged males in the
area at this time; as with his long-calling rate, his response to long calls heard fluctuates
between years, being highest in 2008 and 2010. Again, Wallace was the flanged male with
the lowest mean response score across the years he was observed, although in 2006 both
Nugget and Drake scored slightly lower.
As stated earlier, Wilberforce and Geminus scored highly due to unhabituated behaviour so
their scores are artificial; Nero and Fenser produced high scores in 2008, but the sample size
for these individuals was low. The scores of other males who were observed on only a few
occasions in a single year are highly varied, which may suggest that these “transient” or
wide-ranging males are of mixed social rank, some exhibiting dominant long-call responses
and others remaining quiet while within the research area. This is difficult to assess, however,
from the limited hours followed and long-call response alone.

(C)

LONG-CALL PURSUIT AND AVOIDANCE

Long-call pursuit and avoidance scores, based on the direction of travel by the focal flanged
male after hearing a different individual’s long call, are shown in Table 3.8. The behaviour of
the male each year is scored such that higher scores correlate with more dominant behaviour
(i.e. pursuing long calls heard and not avoiding them).
In general, most flanged males neither actively pursued nor avoided travelling in the direction
of long calls of other males, as signified by the low scores for LC pursuit (x̄ = 1.76) and the
high scores attributed for LC avoidance (x̄ = 2.38).
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Jupiter had an average pursuit score of 2 for the ten calendar years in which he was followed
in the research area, making him the only male to maintain an average this high for more than
4 years; he travelled in the direction of more than 66% of long calls he heard in five of these
years. His scores for pursuit and avoidance of long calls mirrored each other fairly well,
indicating that in years when he was more likely to pursue long calls he heard, he was also
less likely to avoid them; his highest scores for both categories were in 2005-06, 2010 and
2012, with lower scores in 2003, 2007 and 2011.
Beethoven similarly showed above average scores of pursuit (x̄ = 2) and avoidance (x̄ = 2.75)
during his time in the research area, correlating with dominant behaviour. Thor, Peterpan,
Claudius and Victor all scored highly in both categories, although these males have been seen

Table 3.8: Long-call pursuit and avoidance scores, based on direction of travel in the period
after a long call is heard. Pursuit is scored as 1 (pursues ≤ 33% of long calls heard), 2 (pursues 34
- 65% of long calls heard) or 3 (pursues ≥ 66% of long calls heard); avoidance is scored as 1
(avoids ≥ 66% of long calls heard), 2 (avoids 34 - 65% of long calls heard) or 3 (avoids ≤ 33% of
long calls heard), such that higher scores correlate with more dominant behaviour in both
categories.
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for only a few years towards the end of the study period (and Victor was only seen twice).
Only three different individuals were assigned a score of one by avoiding ≥ 66% of long calls
heard during a year: they were Jupiter in the first year of the study (in contrast to his scores in
later years); Wallace in 2006; and Geminus in 2011. In keeping with other observations of his
behaviour in this chapter, Wallace achieved lower scores for pursuit (x̄ = 1.25) and avoidance
(x̄ = 1.75) of long calls than the other flanged males present in the research area over a
number of years.

(D)

LONG-CALL DOMINANCE INDICES

Results of the long-call behaviour scores from the preceding sections were averaged to form a
long-call dominance index, shown in Table 3.9.
Franky was performing the most dominant long-calling behaviour between 2003 and 2005,

Table 3.9: Long-call dominance indices by year.
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after which, despite being seen intermittently in the research area until 2011, he never
displayed the same level of long-calling dominance again. In 2005 and 2006, both Jupiter and
Beethoven showed an increase in dominant long-call behaviour, which dropped slightly for
both males in 2007.
During 2007 and 2008 the overall long-call dominance indices were quite varied, with several
individuals achieving an overall index of 2 or above for one or other of the years: the male
with the highest index in 2007 was Marvin (2.4), and the highest in 2008 was Salvador (2.5).
Despite not having the highest index in either year, only Oberon maintained an index of 2 or
above during both of these years. During this period only one infant was conceived (in early
2007; see Section 3.3.2.4: Presence while Females are Receptive), making it a period of
lower female receptivity compared to other years.
In 2009, Jupiter and Peterpan showed equally-high levels of dominant long-calling
behaviour, which Jupiter continued into 2010, whilst Peterpan’s score declined slightly. The
indices of both these individuals are considerably higher than those of other flanged males in
the area at that time. Between 2010 and 2012 several other previously unknown males arrived
in the area, again resulting in a high number of high long-call dominance indices, although
Nero, Victor, Wilberforce and Louis were only observed occasionally.

3.3.1.3

TEMPORAL CHANGES IN PRESENCE

The proportional presence of each male in the research area is shown in Table 3.10. The
mean overall presence of these males during the whole research period was 0.35 (omitting
any years in which the male was not encountered).
From this table, we can see that Beethoven, Franky and Hengky had greater-than-average
presence from the start of the research period. Hengky and Beethoven were the only two
males in the study period to maintain a high presence (0.5 or above) for three consecutive
years of the study; the presence of both males then dropped before they disappeared in 2006
and 2007, respectively. Although Franky’s presence dropped in 2005, he was seen within the
research area to varying extents until 2011 and is the only individual to have achieved a
presence of 0.5 or above within the research area for four years of the study.
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Table 3.10: Presence of individual flanged male orang-utans as observed by researchers over
study period, expressed as the proportion of months in which the individual was seen.
Observations began in September 2003 (index represents 4 months of 2003) and ended in October
2012 (index represents 9 months of 2012; January 2012 omitted as work suspended).

Oberon and Peterpan both displayed a pattern of having high presence (0.6) within the
research area within the first year or two of being found in the area, although neither
maintained this level for more than a year. It is possible that Pluto was showing a similar
pattern, but, as he was only found in 2012 it is too early to draw firm conclusions.
Despite being present in the research area every year between 2003 and 2011, Jupiter’s mean
presence value was lower than average (x̄ = 0.26 over 9 years); the only year in which he had
higher than average presence was 2007 (0.5).
Mozart and Salvador, having been unflanged males in the area prior to developing their
cheek-pads, maintained steady, but low, levels of presence in the area after becoming flanged
males in 2006 and 2007 respectively (x̄ = 0.27 for both males). It is interesting to note that
the timing of the flanging of these two males corresponds with the disappearance of
Beethoven and Hengky. Similarly, Vulcan, having been resident in the area as an unflanged
male since 2003, developed flanges in 2010; with only two years of data on his presence
since flanging, it is too soon to tell if he will follow a similar pattern to Mozart and Salvador.
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3.3.1.4

WHICH MALES WERE DOMINANT?

Bringing together data on observed dominance displays from confrontations, the results of
the linear dominance hierarchy analyses, and inferred dominance status based on presence
within the research area and long-calling behaviour, it was possible to evaluate the
dominance status of each flanged male at different stages of the study period. In general, the
long-calling behaviour and presence data supported the proposed dominance hierarchies
suggested from the observed confrontations and linear dominance hierarchy analyses, as
illustrated in Figure 3.1 (see Section 3.3.1.1: Observed Confrontations), but there were some
notable exceptions.
Several males consistently displayed dominant behaviour for prolonged periods, with a high
and consistent presence index, a high rate of long calls, and a tendency to pursue rather than
avoid long calls heard. There were numerous successful challenges to the perceived dominant
male in the area, by males classed as subordinate over the research period, and also
incidences of males reasserting their dominance having previously been deposed by other
males. Since 2003 many of the males, which at some point displayed dominant traits, have
since disappeared from the research area permanently.
It appeared that, whenever there was a shift in the dominance (e.g. 2006-7; 2011-12), the
intensity of flanged-male competition seemed to increase dramatically. There were a greater
number of observed confrontations between flanged males during these periods and an influx
of new males, who had not been previously encountered within the research area. Some of
these individuals appeared to try to assert dominance with a high level of presence and strong
long-calling behaviour, while others appeared to be transient and were encountered only a
few times.
Many of the transient or “wide-ranging” males showed strong long-calling behaviour whilst
in the research area, with some individuals entering the research area to attack other longcalling males on only one or very few occasions. In addition, three resident unflanged males
developed cheek-pads during the research period and went on to display challenging
behaviour over the following years. There was only one male (Jupiter) encountered every
year of the study, but his presence index was below average throughout the study period, so
was not deemed “resident” at any stage. When this male entered the research area each year,
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Table 3.11: Categorisation of flanged male orang-utans in Sabangau according to their
apparent dominance status between September 2003 and October 2012. Males who are not
listed during a period are classed as non-dominant in that period.

he displayed the most consistently high-ranking long-calling behaviour of all the males, in
terms of long call rate, response and his tendency to pursue the long calls he heard.
Based on these results, it appears that, unlike in Sumatra, no single male was dominant in the
area for an extended amount of time. Each flanged male has therefore been assigned to a
category of dominance for each short period and these results are summarised in Table 3.11.

3.3.2

SOCIAL EFFECTS OF DOMINANCE

3.3.2.1

ENCOUNTERS WITH FEMALES

Of the 380 full-day follows of male orang-utans in Sabangau between 2003 and 2012, males
were observed in association with females on 114 days (31%); flanged males encountered
females less frequently than unflanged males, being observed with females on 63 of 280 days
(23%) compared to unflanged males who encountered females on 51 of 90 days (57%).
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Table 3.12: Generalised Linear Mixed Model parameters for female encounter of all males.

In order to investigate whether dominant males encounter females more often than lowerranking males (hypothesis 1), a GLMM was constructed to predict whether a male
encountered a female on a follow (Table 3.12).
When considering the full dataset with both flanged and unflanged males (N = 380), the final
model significantly predicted female encounter. Monthly fruit availability, season and
dominance rank failed to improve the model and so were excluded; monthly flower
availability improved the model, in terms of a reduced AICC, but did not significantly
correlate with female encounter. The most significant predictor was male class (flanged or
unflanged), in which unflanged males were more likely to encounter females. Thus, when
considering all adult males, the difference between flanged and unflanged males was more
significant than flanged male dominance rank in predicting female encounter.
In order to investigate the role of the long call in attracting females (hypothesis 3), a second
GLMM was constructed based only on flanged males in the dataset (N = 290; Table 3.13).
The final model significantly predicted whether the male encountered a female on that day.
Variables which contributed significantly to the model, in the form of an improved AICC, but
did not directly correlate with female encounter were monthly fruit availability, monthly
flower availability and season. The most significant predictor variable, however, was an
interactive term between the male’s ‘attraction’ long-call rate (the rate before meeting the
female, or overall rate on days when he did not meet a female) and his dominance status. This
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Table 3.13: Generalised Linear Mixed Model parameters for female encounter of flanged males.

interactive term contributed to the model better than the two terms separately, and better than
overall long-call rate.
The interaction between long-call rate, dominance status and female encounter is illustrated
in Figure 3.2; the slopes of these lines reflect the coefficients from the mixed model.
Dominant and challenging males encountered females when their long-call rates were higher;
conversely, transient and non-dominant males encountered females when their long-call rates
were lower.
Thus, there is a difference in female-encounter rate related to long-call rate for males of
different social ranks, although from my results there is no evidence that males of higher
social ranks encounter females more often than males of lower ranks.
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Figure 3.2: The interactive effect of male dominance status and long-call rate on female
encounters. Mean ‘attraction’ long-call rate (long calls/hr before an encounter or on days when no
encounter occurred) is illustrated, divided by days when they did encounter a female and days when
they did not, and split by male dominance status.

3.3.2.2

TIME SPENT IN ASSOCIATION WITH FEMALES

On days on which a male encountered a female, the amount of time spent in association with
the female varied, with only 53 encounters (46%) lasting more than 25% of the male’s active
period of the day. In addition to having a higher female-encounter rate, unflanged males
tended to spend longer periods in association with the female than their flanged male
counterparts: on days that they encountered females, flanged males associated with females
for more than 25% of the day on only 19 of 63 days (30%), whereas unflanged males
associated with females for more than 25% of the day on 34 of 51 days (67%).
In order to investigate whether dominant males associated with females for longer periods
than lower-ranking males (hypothesis 2), a GLMM was constructed to predict the time spent
in association with a female, expressed as a percentage of the active period of the day, for all
follows on which the male encountered a female (Table 3.14).
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Table 3.14: Generalised Linear Mixed Model parameters for female association period of all
males.

When considering the full dataset with both flanged and unflanged males who associated
with females (N = 116), the final model significantly predicted female association time.
Season failed to improve the model and so was eliminated; variables which reduced the
AICC of the model, but was not significantly correlated with female association time were
monthly flower availability and monthly fruit availability.
There was a significant correlation between male dominance rank and female association
time: transient males had the longest female-association times of flanged males, which were
significantly longer than those of non-dominant males, challenging males and dominant
males. Although dominant males had longer female-association times than non-dominant and
challenging males, these results were not significant. Unflanged males had longer female
association times than flanged males, but this difference was not statistically significant.
These results are illustrated in Figure 3.3.
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Figure 3.3: Mean female association time (% of the active period of the day) of males by
dominance rank. Error bars represent 95% confidence intervals.

Thus, dominance status did influence female association time, but it was transient males
rather than dominant males who had significantly longer association times than other ranks of
male.
In order to investigate the role of the long call in female-association times, a second GLMM
was constructed based only on flanged males who associated with females (N = 65; Table
3.15). The final model significantly predicted female association times. The inclusion of
season as a predictor variable did not improve the model and, thus, this factor was eliminated.
Monthly flower availability contributed to reducing the AICC of the model, but was not
significantly correlated with female association times. There was also a correlation between
monthly fruit availability and female association time, such that males spent less time in
association with females when fruit availability was higher.
Two interactive terms were included in the model, in relation to long-calling behaviour and
dominance rank; these interactive terms contributed to the model better than the inclusion of
each term separately, and better than overall long-call rate. The first was an interactive term
between long-call rate before the encounter and the dominance rank of the male; this
correlated significantly with longer female-association time. The only dominance rank for
which the coefficient was negative, indicating a weaker effect of long-call rate on femaleassociation time, was non-dominant males. The significant result, however, related to
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Table 3.15: Generalised Linear Mixed Model parameters for female association period of
flanged males.

challenging and transient males, such that the effect of a change in long-call rate was
significantly stronger for challenging males than for transient males.
Furthermore, an interactive term between long-call rate during the association and dominance
rank had a significant contribution to the model . The coefficients for the effect of long-call
rate during the association on association time were positive, indicating that for all classes of
flanged male, an increased long-call rate whilst with the female resulted in an increased
association time; again, the result relating to challenging and transient males was significant,
indicating that the effect of a change in long-call rate was significantly stronger for
challenging males than for transient males.
Thus, a raised long-call rate increased the length of time spent in association with females:
this significant correlation related to both long-call rate prior to the association and the longcall rate during the association, and was strongest in challenging males.
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3.3.2.3

MATING

Flanged males were observed mating with females on 16 follows. Eight of these encounters
involved the dominant male at the time (Jupiter twice in September 2007; Oberon once in
July 2008; Peterpan thrice in March 2009 and twice in September 2010). Beethoven was also
observed mating on three days in March 2005, during the period where he was classed as a
challenging male; this was after being usurped from his dominant position by Franky and
Hengky, and before reasserting his dominance in 2006.
All of the remaining five observed matings of flanged males involved transient males, (Titan,
March 2008; Geminus, April 2011; Janus, April 2011; Nero, twice in November 2011). No
matings involving non-dominant males were observed.
Unflanged males, by contrast, were observed mating on 29 follows. The majority of these
involved the aptly-named Romeo (11 occasions in six separate months over a six-year
period); Ulysses was observed mating three times, Hades and Zeus twice each, and some
lesser-known unflanged males accounted for the other four occasions.
Thus, half the observed matings between flanged males and females involved dominant
males, whilst the rest predominantly involved transient males; but almost twice as many
observed matings involved unflanged males.

3.3.2.4

PRESENCE WHILE FEMALES ARE RECEPTIVE

Male presence, expressed as a proportion of the months in each time period in which the male
was observed within the research grid, was calculated for the 14 flanged males for whom
sufficient data exists (Table 3.16), split by periods of different female-receptivity index (< 3
or ≥ 3); the number of infants conceived in each period is noted in the table. These data were
then adjusted for males who disappeared from the grid, never to be seen again (such that the
last month of observation was the last month included in calculations) and standardised for
variation in length of different periods. From these figures, a receptive ratio was calculated
for each male, representing the ratio of his presence in times when conceptions occurred
compared to his presence when no conceptions are known to have occurred. A ratio of 1
indicated that a male was equally present during periods when females were receptive and
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Table 3.16: Flanged male presence between 2003 and 2012 in relation to conception of infants.
Presence is proportion of months in which male was encountered within the research area; receptive
ratio is ratio of presence when females were receptive to presence when no conceptions occurred.
Period
Infants
Conceived
Beethoven
Claudius
Drake
Franky
Hengky
Jupiter
Mozart
Oberon
Peterpan
Pluto
Salvador
Thor
Vulcan
Wallace

Sep-03 - Nov 04 - Apr-05 - Jan-07 - Jun-07 - Apr-09 - Sep-09 - May-10 - Apr-11 - Sep-11 - May-12 Oct-04 Mar-05 Dec-06 May-07 Mar-09 Aug-09 Apr-10 Mar-11 Aug-11 Apr-12 Oct-12
0

1

0

1

0

0.50

0.60

0.62

0.20

0.05

0.79
0.50
0.21

0.29

0.40
1.00
0.20

0.80

0.29
0.19
0.24
0.19
0.24

0.24

0.20
0.00
0.60
0.60

0.00

1

2

0

1

3

0

0.18

0.00

0.00

0.33

0.14

0.32

0.60

0.38

0.18

0.00

0.27
0.23
0.41
0.14

0.20
0.20
0.80
0.40

0.00
0.38
0.25
0.25

0.27
0.18
0.09
0.09

0.40

0.27

0.20

0.13

0.27

0.20
0.40

0.09

0.20

0.00

0.00
0.29
0.43
0.29
0.14

0.50
0.50
0.17
0.50
0.67

Mean Receptive
Presence Ratio
0.51
0.13
0.27
0.32
0.59
0.24
0.26
0.44
0.17
0.38
0.25
0.38
0.37
0.22

0.70
0.00
0.70
0.72
2.00
1.06
1.75
1.06
0.86
0.57
0.96
0.66
0.21
1.73

periods when they were not; ratios less than 1 indicated that the male was present more often
when females were not receptive; ratios higher than 1 indicated that the male was
preferentially present during periods of high female receptivity.
Overall, the mean presence of these males in the research grid was similar in periods when
conceptions occurred (x̄ = 0.29) and in periods in which no known conceptions occurred (x̄ =
0.30). There was, however, considerable individual variation in presence between different
males. Hengky, whose time in the grid overlapped with only one known conception, was
present every month during the presumed conception period. This coincided with the period
in which he challenged Franky and appeared to gain dominance over the area. By contrast,
other males had very low presence during presumed conception periods, compared to their
presence at other times. Claudius, despite having a low overall presence, was absent during
periods when females were receptive. Vulcan’s presence was also much lower during the
period from September 2011 to April 2012, when three infants were conceived, than it was
from May 2012 when no infants are known to have been conceived.
Interestingly, the presence of some males in relation to conceptions appeared contrary to their
dominance behaviour. Wallace, who displayed some of the least dominant behaviour of all
the males (see Section 3.3.1.4: Which Males were Dominant?), also had far greater average
presence during periods when females were receptive (x̄ = 0.50) compared to times at which
no known conceptions occurred (x̄ = 0.19). Peterpan, in contrast, expressed some of the most
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dominant behaviour; yet this was not reflected in his presence when females were receptive:
his presence was higher in April 2009 to April 2010, when three infants were conceived, than
the periods either side, but other males had greater presence during this time; he was also
absent from the area from April 2011 to April 2012, when four infants were conceived.
Thus, it would appear that there was individual variation between flanged males in their
strategy for being present in an area when females are receptive; the strategy adopted was not
directly linked to their apparent dominance status.
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3.4 DISCUSSION
3.4.1

THE DOMINANT MALES

In this chapter, I have tried to allude to specific criteria for assessing male social rank in
Bornean orang-utans, as often dominance has been assigned by an individual’s presence in an
area or based on rare instances when confrontations were observed. Although these methods
provide a useful insight into male dominance in an area and may be accepted at several sites,
particularly on Sumatra, it may not be an accurate reflection of what is observed at many
Bornean sites, especially in Sabangau, where an extremely high turnover of males has been
observed over a nine-year period.
No single male displayed dominant behaviour in the Sabangau research area for a sustained
period of time; instead, there appeared to be several short, unstable tenures of no longer than
two years, as the perceived “top spot” passed between individuals on an almost-monthly
basis. This differs considerably to reports from Ketambe, Sumatra, where a flanged male
remained dominant within the research area for a period of 18 years (Utami and Mitra Setia,
1995a). In Sabangau, whenever there was a shift in the dominance, a large number of
previously-unseen males were encountered within the research area. Some of these males
took up residence and appeared to challenge the dominance hierarchy, whilst others appeared
to be more transient and were encountered rarely. Furthermore, often more than one male
displayed dominant traits either indirectly, by displaying strong long-calling behaviour or
directly, through more tangible observed chases or physical confrontations.
The lack of a distinctively “resident” dominant male in this study population, in addition to
the large number of flanged males travelling through the site, provides further evidence of a
social organisation based around a mating system of ‘roving male promiscuity’ on Borneo, as
proposed by van Schaik and van Hooff (1996), in which no single male can effectively guard
receptive females and deny other males access. The contrast we see in male dominance
behaviour between Sumatran and Bornean populations may be due to the different social
system present in the populations of the two islands; but even so, it is likely to be driven by
the constraints of the habitat’s productivity. Sumatran forests are more productive due to their
volcanic soils and maintain much higher orang-utan densities than those on Borneo
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(MacKinnon, 1996; van Schaik, 1999; Delgado and van Schaik, 2000; Husson et al., 2009;
Marshall et al., 2009; Wich et al., 2012); it can therefore be presumed, that Sumatran forests
can provide a dominant male with sufficient food to fulfil his energetic requirements within a
more limited area, for a longer period of time. Conversely, in Sabangau and other lowproductivity forests on Borneo, the area in which a male can remain and maintain a suitably
nutritious diet is almost certainly larger than an area in which he can successfully monopolise
access to females. Observed deterioration in body condition of many flanged males deemed
to be high ranking for a period, before then rapidly weakening, could indicate that some
males overly restrict their ranging, thus compromising their nutrition, in an attempt to
monopolise receptive females during this time, but later incur the consequences of inadequate
energetic intake. This could also explain why formerly high-ranking flanged males, having
lost body condition and dominance to rival males, often leave the research area for period of
time and subsequently return to the area looking rejuvenated, in order to challenge their rivals
and re-gain dominance.

3.4.2

MALE-MALE INTERACTIONS

3.4.2.1

OBSERVED CONFRONTATIONS

Of the 50 observed aggressive encounters between two flanged males, only 14% escalated
into physical violence; more often, the encounter ended rapidly once the rival males had seen
and evaluated their opponent, with one individual deciding that they were unwilling to
engage in the conflict and fleeing the area, usually along the ground. It is unclear whether the
decision was based on past unobserved encounters, or, judged on their opponent’s relative
size, condition of cheek pads and throat sac, as these fat deposits seem to serve as a sign of an
individual’s health (Knott, 1999). Either way, these encounters are the most direct method of
identifying dominance hierarchies within the male population and offer a good indication of
the rank of the males involved.
Furthermore, as the rate of observed male-male encounters fluctuated over the nine-year
period, with several intense periods of confrontation followed by months during which either
very few or no encounters occurred, it is possible that the rate of aggressive encounters
closely correlated to periods in which the contest for dominance was high, and rates
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decreased considerably once hierarchies became more stable. As most flanged males within
the study population, however, bear scars and deformities from previous and unobserved
aggressive encounters, inferences concerning the frequency of interactions are difficult.
When encounters between flanged males escalate into physical violence, there is a high risk
of injury or even death, as reported by Galdikas (1985a) and Knott (1999); this could explain
why the rate of physical fights is so low. Nevertheless, based on observed intolerance and
antagonistic behaviours, it is clear that male-male competition is extremely high in Sabangau,
as at many other sites, especially on Borneo (Rijksen, 1978; Galdikas, 1985a; Mitani, 1985c;
Utami Atmoko et al., 2009a). It has been suggested that flanged males on Borneo are more
inclined to engage in physical confrontations with other flanged males than on Sumatra,
probably as a result of less well- established dominance hierarchies (Utami Atmoko et al.,
2009b; van Schaik et al., 2009; Dunkel et al., 2013). Due to the infrequency of observed
encounters it is thought that, in general, flanged males mutually avoid each other rather than
relying on chance (Horr, 1975; Utami Atmoko et al., 2009b), and my results are consistent
with this theory.

3.4.2.2

LONG CALLS AND OTHER MALES

In addition to aggressive confrontations, several authors have proposed that long-calling
behaviour plays a role in mediating dominance relationships among flanged males
(MacKinnon, 1974; Galdikas, 1983; Mitani, 1985d; Delgado and van Schaik, 2000; Singleton
and van Schaik, 2002; Mitra Setia and van Schaik, 2007; Utami Atmoko et al., 2009b). It has
been shown in previous studies from both islands that males deemed as dominant are more
likely to approach long calls of other males and also have the highest rate of long calls and
vice versa (MacKinnon, 1974; Rijksen, 1978; Galdikas, 1983; Mitani, 1985d; Mitra Setia and
van Schaik, 2007; Mitra Setia et al., 2009).
These observations are largely supported by my results, as the flanged males who
successfully chased off opponents in the encounters, and appeared to be in the healthiest
condition, were generally also the individuals who long called at the highest rates and
responded to the most long calls from other males. These findings are consistent with the role
of the long call in male spacing, or mediating intra-sexual competition.
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Overall, most flanged males neither pursued nor avoided long calls from other individuals,
although some of the males who long called the most often also pursued more long calls than
other males and avoided fewer. Conversely, those males most often observed to flee from
other males were found to have the lowest long-calling rates; these low-ranking males tended
to approach fewer and avoid more long calls than the other males.
Some of the flanged males exhibited similar trends in long-call behaviour whilst present in
the research area. Both rates and responses to long calls increased as males developed,
remained high for a period and then decreased as the male was observed to lose condition and
decline. This was most apparent in the two males who developed flanges during the research
period and the males whose condition declined before they disappeared. It is possible that
these patterns in long-calling behaviour closely mirror the rank of the individual at specific
times and could, thus, be further evidence that males in Borneo are only able to sustain
dominance for much shorter periods than those reported from Sumatra.
There was a high degree of variation in the long-call rates and responses of the wide-ranging
or transient males. Thus, these males, who were observed on the fewest occasions in the
research area, may constitute individuals of various social ranks. This will be discussed
further in Chapter 7: Conclusions.

3.4.3

FEMALE ASSOCIATIONS AND SOCIAL RANK

3.4.3.1

ASSOCIATIONS WITH FEMALES

The sexual dimorphism seen in orang-utans is believed to be due to high male-male
competition and female preference for the strongest males (Schürmann and van Hooff, 1986;
Rodman and Mitani, 1987). On this basis, at the start of this chapter, I hypothesised that
males of the highest rank would encounter females more often (hypothesis 1) and spend
longer in association with them than males of the lowest ranks (hypothesis 2). From my
results, there was no evidence that higher-ranking flanged males encountered females more
often than lower-ranking males, but unflanged males were found to encounter females
significantly more often than flanged males. These results are consistent with the theory of
the unflanged-male strategy of actively seeking out females, although these females may not
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have been sexually receptive, compared to the flanged-male strategy of waiting for receptive
females to approach.
In terms of the duration of the association, dominance status had an influence on female
association time, but it was transient males rather than dominant males who had significantly
longer association times than other ranks of flanged male: transient males tended to remain
with the females for over half of their daily active period. Among the resident flanged males
(dominant, challenging and non-dominant ranks), the pattern of female association periods
across the social ranks showed longer associations with dominant males and the shortest
periods with non-dominant males.
These results relating to resident males are consistent with results from other sites, where it
has been found that females prefer dominant males to non-dominant males (Schürmann,
1982; Mitani, 1985d; Rodman and Mitani, 1987; Fox, 1998; Fox, 2002). Thus, these findings
may be a result of female mate choice, in which the female determines the length of the
association as an expression of preference for males of certain rank. The fact that transient
males remained in associations for longer periods than all resident males, however, is not
easily explained by female preference for higher-ranking males; the transient males were not
consistently dominant over the resident males. It is possible, however, that transient males
were entering the research area in search of females and, once found, were less willing to
abandon the female. As noted previously, however, the transient males had great variety in
their response to long calls, ranging from a confrontational approach to behaviour typical of
non-dominant males, and thus, this category may represent males of different social rank. As
such, certain transient males may be appealing to receptive females due to their physical
qualities despite their lack of resident status. The role of these transient males will be
discussed further in Chapter 7: Conclusions.

3.4.3.2

LONG CALLS AND FEMALES

Regarding the role of the long call, I hypothesised that, if the long call functioned primarily to
attract females, males would encounter females more often when they had a higher long-call
rate (hypothesis 3a); conversely, if the long call served primarily as a male-spacing
mechanism, I hypothesised that there would be no difference in female encounter rate
between males with different long-call rates (hypothesis 3b). From my results, I can conclude
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that for flanged males in the dominant and challenging social ranks, increased long-call rate
serves a function to attract females, but this does not appear to be the case for non-dominant
and transient males.
The role of the long call in attracting females is supported by these data, which are thus
consistent with the findings of studies in Sumatra, where female ranging behaviour changed
following adult male long calls, such that receptive females were attracted to the direction of
the long call (Mitra Setia and van Schaik, 2007; Delgado et al., 2009). To date, evidence to
support a similar female attraction function on Borneo has been lacking: data from Bornean
studies have primarily lent support to the role of the long call in intra-sexual competition
(Delgado et al., 2009).
Whilst my analyses were based purely on long-call rate, rather than any acoustic analysis of
the calls, from these results it is suggested that the long call itself must convey information
about the caller, such that females are able to respond differently to the high call rates of
males of different social ranks. From studies in the literature, it is suggested that cues may be
coded in the acoustics of the male orang-utan long call giving an indication of fitness or
individual identity (Utami and Mitra Setia, 1995; Delgado, 2007), although the evidence to
support these theories is currently limited. In a study at Tuanan in Borneo differences have
been identified in female response to long calls emitted in different contexts (e.g. in response
to another male’s long call, response to noise such as a tree fall, or spontaneous), lending
support to the theory that there are perceivable changes in the acoustics of the long call in
different situations (Spillmann et al., 2010). Further acoustic research in parallel to
behavioural observations of both males and females are needed to assess this aspect of longcall behaviour further. Nevertheless, a theory of inter-sexual selection for long calls is
supported, with females showing preference to approach and associate with males who have a
high long-call rate combined with long-call features identifying the male as higher social
rank.
Furthermore, from my results, a raised long-call rate increased the length of time spent in
association with females; this significant correlation related to both long-call rate prior to the
association and the long-call rate during the association, and was strongest in challenging
males. The implication from these results is that, in addition to its function of attracting
females, the long call acts as a female retention mechanism in some way, such that higher
long-call rates act to maintain the association for a longer period.
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Thus, both previously-presented functions of the male orang-utan long call, of male
avoidance and female attraction, are supported by my results, which are also consistent with
an additional role of maintaining an association with a female. Further research is needed to
see if similar trends are found at other sites on Borneo. The role of the long call, including its
relationship to male ranging, will be discussed further in Chapter 7: Conclusions.

3.4.3.3

FEMALE RECEPTIVITY AND MATING BEHAVIOUR

I did not find evidence to support the observations from studies in Sumatra, where the
dominant male was found to be present in an area when females were receptive, and then
absent at other times (Singleton and van Schaik, 2002). From my results it is suggested that in
Sabangau there may be individual variation between flanged males in their strategy for being
present in the area when females are receptive; but this was not directly linked to their
apparent dominance status.
From the theory of sexual selection for secondary-sexual characteristics, it should be the case
that females exercise mate choice and mate voluntarily with higher-ranking males. In
Sabangau, mating was observed very rarely. Half of the observed matings between flanged
males and females in Sabangau involved dominant males, while the rest predominantly
involved transient males and no males deemed to be of the lowest rank were observed
mating. Nevertheless, almost twice as many observed matings involved unflanged males as
flanged males. From field observations, it is known that unflanged males are sexually mature
and often sire offspring (Galdikas, 1985b; Utami et al., 2002; Goossens et al., 2006; Utami
Atmoko et al., 2009a), and this relatively-high rate of observed matings is consistent with the
proposed sexual strategy of unflanged males of finding, harassing and forcing copulation
with females. These alternative male strategies will be discussed further in Chapter 7:
Conclusions.
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3.5 SUMMARY
1. No single male was dominant in the Sabangau research area for a prolonged time: the
normal period of tenure appears to be between six months and two years, but two
formerly-dominant flanged males re-gained dominance in the area after a period of
being defeated (Beethoven) or complete absence from the area (Peterpan).
2. Whenever there was a shift in the dominance, a large number of previously-unseen
males were encountered within the area, displaying strong long-calling behaviour.
Some of these took up residence and appeared to challenge the dominance hierarchy;
others were transient and encountered only a few times.
3. Of the 50 aggressive encounters observed between two flanged males between 2003
and 2012, six (14%) escalated into physical violence. The rate of male-male
encounters was not even throughout the study period: there were intense periods of
confrontation followed by months during which either very few or no encounters were
observed.
4. There were differences in social behaviour related to male class and dominance rank.
Unflanged males encountered females more frequently than flanged males; within the
flanged males, those of dominant and challenging status encountered females more
frequently when their long-call rate was higher, but this was not the case for nondominant and transient males, supporting the role of the long call in attracting
females, and indicating that identity or social rank is conveyed in the call. Longer
associations were associated with higher long-call rates both before and during the
encounter; this effect was strongest for challenging males. From this, I suggest that
the long call serves an additional function as a female retention mechanism.
5. There was variation between males in presence in the area when females were
receptive; the strategy adopted was not directly linked to their apparent dominance
status.
6. Half of the observed matings between flanged males and females involved dominant
males, while the rest predominantly involved transient males; but almost twice as
many observed matings involved unflanged males as flanged males.
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4 DAY RANGE
4.1 INTRODUCTION
In primates, ranging behaviour is typically a response to specific strategies to find food,
socialise and avoid predation. A species’ foraging and travel patterns correspond to food
resource availability and group size, as energetic and nutritional requirements dictate the area
over which an individual or group must forage (Chapman and Chapman, 2000). Discerning
the factors influencing ranging behaviour in male orang-utans on a day-to-day basis gives us
insight into their motivation with regards to both their food supply and social behaviour, in
maintaining contact with females and mediating the social dynamic with other males.
Identifying the differences between flanged males and unflanged males in these respects will
improve our understanding of these two development paths, and may give us insight into the
evolutionary advantages of each.

4.1.1

FOOD AVAILABILITY

There is much variation in primate ecological strategies in response to fluctuations in food
availability: an increase in feeding competition for scarce resources may lead to greater
foraging effort (Chapman, 1988), increased day range length (Buij et al., 2002; Olupot et al.,
1997), faster travel speeds and increased time allocated to movement (Di Fiore, 2003).
Conversely, in an effort to conserve energy, an individual may reduce their ranging to a
minimum, resting for longer periods and spending more time feeding on lower-quality
herbaceous foods and fibrous fruits until food availability increases (Chivers, 1974; Dunbar,
1988; Doran, 1997; Rogers et al., 2004). It is also possible that individuals may not change
their day range noticeably in response to food scarcity, but compensate by increasing their
dietary breadth (Brugiere et al., 2002; Stanford and Nkurunungi, 2003) spending longer
periods at each food patch until it is depleted, or adjusting their social behaviour by foraging
in smaller groups or alone (Caldecott, 1986; Mitani et al., 2002; Di Fiore, 2003; Lehmann et
al., 2007).
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Primate species which rely heavily on fruit and insects, tend to increase the time spent
foraging when food is scarce, whilst those species which tend to rely on foliage, are less
selective, instead favouring to conserve energy at the expense of food quality (Schoener,
1971; Clutton-Brock, 1977; Oates, 1987). In an overview of territoriality among primate
species, Mitani and Rodman (1979) demonstrated that day ranges were primarily a function
of feeding requirements and daily travel distances were negatively correlated to the
proportion of foliage in the diet. Moreover, most primate species, including orang-utans, are
neither exclusively frugivorous nor folivorous, consuming a mixed diet, the width of which
can differ greatly between conspecific populations as a result of variations in food availability
and distribution within their habitats (Clutton-Brock, 1977; Yamagiwa and Mwanza, 1994;
Chapman and Chapman, 2000). Inter-population variation in diet composition and/or breadth
and consequent ranging behaviour have been reported for a number of primate species
including Cercocebus albigena (Waser, 1977); Lagothrix lagotricha (Di Fiore, 2003);
Macaca fuscata (Uehara, 1977; Maruhashi, 1980); Papio cynocephalus (Bronikowski and
Altmann, 1996); Symphalangus syndactylus (Chivers, 1977); Pan troglodytes sp. (Nishida et
al., 1983; Doran et al., 2002a; Boesch et al., 2006); and Gorilla sp. (Schaller, 1963; Goodall,
1977; Tutin et al., 1991; Yamagiwa et al., 1992; Doran and McNeilage, 1998; Doran-Sheehy
et al., 2004; Rogers et al., 2004; Ganas and Robbins, 2005). In orang-utans, conspecific
comparisons of diet have also shown inter- and intra-specific variation; the focus in none of
these studies, however, was primarily on ranging, but rather on tool use (Fox et al., 2004),
activity budgets (Morrogh-Bernard et al., 2009) or social learning (Bastian et al., 2010).
The fundamental constituent of an orang-utan’s diet is fruit; as such, to forage optimally in
times of high fruit abundance, it would seem advantageous for the orang-utan to acquire a
plentiful amount of food without the need to travel far. Yet, interestingly, daily travel
distances have been reported to increase in periods of high fruit availability at several sites,
including Tanjung Puting (Galdikas, 1988), Gunung Palung (Knott, 1999; Knott, 2005),
Kutai (Rodman, 1977; Mitani and Rodman, 1979) and on Sumatra at Ketambe (Wich et al.,
2006b; Morrogh-Bernard et al., 2009). This seemingly paradoxical response to fruit
abundance has also been observed in other ape populations, including Gorilla gorilla sp.
(Tutin et al., 1991; Tutin and Fernandez, 1993; Williamson et al., 1990; Doran et al., 2002a);
Gorilla beringei graueri (Goodall, 1977); and across a range of studies of Pan troglodytes
sp. (Nishida, 1974; Wrangham, 1977; Goodall, 1986; Hasegawa, 1990; Doran, 1997; Boesch
and Boesch-Achermann, 2000). These findings might be explained by the incidence of
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preferred foods in the diet at these times: individuals can be more selective during periods of
high fruit abundance due to their increased energy intake (Morrogh-Bernard et al., 2009).
Contrasting reports from Ketambe (te Boekhorst et al., 1990; Utami Atmoko, 2000), in which
investigators found that day range decreased in times of high fruit availability, may be a
result of spatial and or temporal variance in the distribution of these preferred fruit patches, as
described in a population of Gorilla beringei beringei (Robbins and McNeilage, 2003; Ganas
et al., 2004; Nkurunungi et al., 2004).
At the other end of the scale, in times of fruit scarcity, orang-utans have been found to
supplement their mainly frugivorous diet by feeding on alternative food sources, including
foliage, cambium, insects and other vegetative matter (Rao and van Schaik, 1997); these food
types have been classified as low-quality fall-back foods in a number of different studies
(Galdikas, 1988; Leighton, 1993; Harrison, 2009; Marshall et al., 2009). By switching to a
low-energy food source, however, orang-utans may need to eat a large volume of vegetation
to fulfil their energetic needs on this food type alone compared to eating fruit; thus, when
fruit abundance is low, they may travel less in order to conserve energy. At Gunung Palung,
the day ranges of all orang-utans significantly decreased during the period of lowest fruit
availability and, additionally, time allocated to travelling by the male sex decreased during
these periods (Knott, 1999); similar observations have been reported from Tanjung Puting
(Galdikas, 1979; Galdikas, 1988). This energy-conservative strategy, of reduced travel and
increased rest at times of low fruit availability, is common to several primate species,
including Gorilla sp. (Doran et al., 2002b; Rogers et al., 2004), Colobus sp. (Dasilva, 1992),
Alouatta sp. (Milton, 1980) and Symphalangus syndactylus (Chivers, 1974).
Conversely, on Sumatra, daily travel distances increased in times of relatively low fruit
availability at both Ketambe (Utami Atmoko, 2000) and West Langkat (MacKinnon, 1974).
This is likely related to differences in habitat between Borneo and Sumatra and, in particular,
the west-to-east gradient of effect of the El Niño Southern Oscillation (ENSO), which is more
severe in eastern regions and less severe towards the west. The ENSO has been linked to the
timing of mast fruiting events (van Schaik et al., 2009) and to severe droughts during the dry
season, which in turn promote forest fires, and together these events may severely reduce the
food availability in affected forest areas. These effects are more dramatic on Borneo,
particularly in the east, than on Sumatra; thus, in comparison, the overall habitat quality is
better in Sumatra, and the fluctuations in fruit less dramatic. The effect on orang-utan ranging
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may also be because, unlike on Borneo, a high number of fig fruits are available year-round
in some Sumatran forests, even in periods of fruit scarcity (Sugardjito et al., 1987). Thus,
Sumatran orang-utans have much less variation in the proportion of fruit in their diet,
although the energy value of those fruits may fluctuate, and supplement their diet only
slightly with alternative food types (Wich et al., 2006b).
Thus, two ecological strategies have been proposed for orang-utans, with regard to their
activity budgets and energetics: (1) ‘sit and wait’, in which an energy-conservative strategy is
taken, with extended rest periods and minimal time spent feeding or moving; or (2) ‘search
and find’, in which orang-utans spend longer feeding or travelling in search of food, and rest
time is minimised (Morrogh-Bernard et al., 2009). It has been proposed that the ‘sit-and-wait’
strategy is adopted by orang-utans in masting forests, in which fruit supply is inconsistent and
very low outside of the mast-fruiting events; the ‘search-and-find’ strategy, however, is
thought to apply where a regular supply of fruit is available, such as in swamp forests, forests
where figs are abundant, and during the mast-fruiting events (Morrogh-Bernard et al., 2009).

4.1.2

GROUP SIZE AND ASSOCIATIONS

A large amount of indirect within-group feeding competition (referred to as ‘exploitation
competition’ or ‘scramble competition’), as a consequence of resource expenditure by other
group members, can lead to a depletion of food resources available to an individual,
independent of any direct contest competition or interaction (Wrangham et al., 1993). The
prediction of the ‘ecological-constraints’ model is that group size is limited by this
exploitation competition if an individual must travel further while associating with others
than when alone. Thus, larger groups must increase their daily travel distance to ensure that
the dietary needs of each member are fulfilled (Clutton-Brock and Harvey, 1977a; Wrangham
et al., 1993; Chapman and Chapman, 2000, Gillespie and Chapman, 2001), and, thus, daily
travel distances tend to increase for groups living in poorer-quality habitats (Struhsaker,
1967).
The ecological-constraints model for frugivorous or ‘omnivorous’ primate species is
supported by previous studies (Waser, 1977; van Schaik, 1983; Chapman, 1990; Wrangham
et al., 1993; Chapman et al., 1995; Janson and Goldsmith, 1995; O’Brien and Kinnaird,
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1997). In folivorous species, however, the correlation is weaker as herbaceous foods are more
abundant and, thus, exploitation competition and travel costs are greatly reduced (CluttonBrock and Harvey, 1977b; Mace and Harvey, 1983; Dunbar, 1988; Janson and Goldsmith,
1995; Chapman and Pavelka, 2005). In fact, no relationship was found between daily travel
distances and group size in numerous studies of folivorous primates including Alouatta pigra
(Arrowood et al., 2003); Brachyteles arachnoides hypoxanthus (Dias and Strier, 2003);
Colobus guereza (Fashing, 2001); Pilicolobus tephrosceles (Isbell, 1983; Struhsaker and
Leland, 1987); and a further 17 species of Asian colobines (Yeager and Kool, 2000).
Orang-utans are generally solitary, although associations between adults do occur and are
commoner in times of higher fruit abundance (see Section 1.3: Orang-utan Social System). It
has also been proposed that the main driving factor behind this dispersed “semi-solitary”
social structure is the same resource competition that underpins the ecological-constraints
model described above (van Schaik, 1999; Harrison and Chivers, 2007). Flanged males are
the least social of all age-sex classes (Morrogh-Bernard et al., 2009) and are extremely
intolerant of unflanged males and each other (See Chapter 3: Dominance). Coordination of
the community’s ranging, such that food competition and aggressive encounters between
males are minimised, may be mediated by the flanged male’s long call; whilst there remains
some debate over its mechanism, it is thought to serve a function in male spacing, affirming
dominance relationships between adult males, or attracting females to the flanged male
(Delgado and van Schaik, 2000; Galdikas, 1983; MacKinnon, 1974; Mitani, 1985d;
Schürmann and van Hooff, 1986; Singleton and van Schaik, 2002).
Yet despite the dispersed nature of the orang-utan’s social structure, male-female social
interactions are important for reproductive success. The reported mean daily-path lengths of
females across sites are greater than those of flanged males, but shorter than those of
unflanged males (Wich et al., 2006a; Morrogh-Bernard et al., 2009; Singleton et al., 2009).
Thus, for a male and female to spend a long period together, one or both parties will
necessarily have to adjust their ranging behaviour simply in order to cover the same distance
in a day. Mitani (1989) reports that associations with females are costly for flanged males, as
a flanged male at Kutai increased his travel time significantly whilst associating compared to
when he was alone. Galdikas (1988) also found that whilst orang-utans socialised, both day
ranges and time spent resting increased, but time spent foraging decreased.
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As such, in periods of low fruit availability, orang-utans in associations may have to forage
more in order to acquire enough food to fulfil their own and their partner’s dietary and
energetic needs; conversely, if food availability is high, orang-utans should theoretically have
more time to socialise and also be less defensive of food resources. As noted previously,
gregariousness is observed regularly in Sumatran orang-utans, as the Sumatran forests are
more productive, especially when a fig tree comes into fruit (Utami et al., 1997); data for the
Bornean species are sparse and these levels of sociality have not been observed. It is possible,
however, that periods of greater fruit abundance would lead to a higher level of sociality
amongst the Bornean orang-utans, albeit on a smaller scale than that observed on Sumatra.
Thus, social factors may have a strong influence the ranging behaviour of male Bornean
orang-utans. Despite the difficulties in collecting data on the social behaviour of a
predominantly solitary species, it is important to gain as much information on this behaviour
as possible, to contribute to our understanding of the social organisation of this species. Thus,
in this chapter, records of male orang-utan behaviour across a nine-year period (2003-2012)
were examined, in relation to the time that each male orang-utan spent in association with a
female, to elucidate how sociability can affect ranging behaviour.

4.1.3

SEASONALITY

Seasonal and weather factors may have an indirect influence on day range through their effect
on rainforest fruiting patterns (Bennett, 1986; Oates, 1987). Seasonal parameters may also
influence ranging behaviour directly, beyond their correlation with fruit availability. In
Sabangau, there is a recognisable contrast in the forest between seasons; between July and
October the forest is a much drier place, with generally only a few pools of water compared
with the swampy environment at other times of the year. Subjectively, in the dry season, male
orang-utans tend to travel along the ground more frequently, and thus can travel faster and
cover larger distances if they so desire.
Correlations between temperature and day range are sparse in the literature, although snubnosed monkeys travel further on warmer days (Baoping et al., 2009). Rainfall may also have
an influence on the overall distance travelled. Some primate studies have found a reduction in
travel on rainy days, and heavy rainfall decreases or temporarily halts travel of many species
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(Chivers, 1969; MacKinnon, 1971; Goodall, 1977; Isbell, 1983; Vedder, 1984; Baoping et
al., 2009). Whilst there is no correlation between rainfall and day range in other studies
(Isbell, 1983; Watts, 1991), it has been suggested that the use of overall 24-hour rainfall
recordings precludes the more detailed analysis necessary to elucidate the immediate effect of
rain on ranging behaviour (Isbell, 1983). Subjectively, orang-utans tend to sit still in a nest
during rainstorms, and so are perhaps less likely to cover large distances on very rainy days;
it may also be the case that overnight rain disturbs their sleep, and leads to a reduced ranging
distance the following day.

4.1.4

ALTERNATIVE MALE STRATEGIES

The alternative strategies adopted by flanged and unflanged males are likely to affect aspects
of their day ranging behaviour. Physically, flanged males are much larger and heavier than
unflanged males (Markham and Groves, 1990), and are thus likely to experience greater
energetic costs related to basal metabolic requirements and costs of movement in comparison
to the smaller unflanged males. Kleiber’s Law states that basal metabolic rate can be
calculated from body mass (Kleiber, 1961); this natural law has been shown to be consistent
across many species, and other parameters related to basal requirements scale in a similar
way, including the home range required to meet the energetic requirements of various primate
species (Nunn and Barton, 2000; Milton and May, 1976) and other mammals (McNab, 1963).
The effect of body size between flanged and unflanged male orang-utans on mobility has
been noted in studies on Sumatra (Utami Atmoko, 2000), in which unflanged males spent
more time moving, at greater speeds and covering greater distance, each day than flanged
males. It has been suggested that the mobility constraints on flanged males may promote a
sedentary strategy with consequential effects on diet, in which large amounts of fruit are
consumed when available in the vicinity, but widely-available vegetation is consumed in
preference to travelling further distances to search for fruit (van Schaik et al., 2009). As noted
by van Schaik et al. (2009), however, Bornean flanged males are more terrestrial and hence
may be more mobile than their Sumatran counterparts; thus, the differences in ranging
parameters, and consequently in diet composition, may not be as marked between Bornean
flanged and unflanged males as they are in Sumatra.
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In addition to their physical differences, male orang-utans adopt different mating strategies
which may be expressed in their ranging behaviour. Flanged males are thought to attract
receptive females through a “sit-call-wait” strategy, whilst unflanged males “go, search and
find” to seek out females and engage with them (Utami Atmoko and van Hooff, 2004) as
discussed in Section 1.1.2: Morphology. Thus, from these alternative approaches, it would be
expected that a flanged male would benefit from travelling less, as he makes a long call and
then remains in that area waiting for a female to find him, whereas unflanged males would
travel further, faster and on more meandering paths in order to search for females.
Excluding the dominant male in an area, it has been suggested that many flanged males seen
in an area may be travelling through as either “commuters” or “wanderers” (te Boekhorst et
al., 1990; Rijksen and Meijaard, 1999) . Although this has been disputed (Singleton and van
Schaik, 2001), many more flanged males have been seen in the Sabangau research area than
unflanged males; often males are followed into the area on one edge only to leave the area by
the opposite side, never or rarely to be seen again. This would suggest that there is at least
some difference in the travel patterns of individual males, while they either search for food or
females, and these differences may relate to a flanged male’s social rank. Directness of travel
paths has been suggested as a means of differentiating between resident and transient males
(Parsons, 1999): transient males would be expected to travel in a more direct manner, as they
pass through the area seeking food and females, whilst avoiding conflict with resident males;
the resident males, in turn, would be expected to travel on less direct paths over time and revisit parts of their range more frequently.

4.1.5 HYPOTHESES
Thus, to investigate the influence of food as a factor on the day ranging behaviour of flanged
and unflanged males, the following hypotheses are tested in this chapter:
1. I expect that male orang-utan day range correlates with fruit availability and diet
composition:
a. If male orang-utans search out preferred food items, then I expect that when
fruit availability is high, male orang-utans travel further.
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b. If male orang-utans operate an energy-conservative strategy, then I expect that
day ranges are shorter when there are more supplementary food types such as
vegetation in the diet.
2. I expect that there is a positive correlation between day range and length of
association with females, as the group must find more food than when travelling
alone.
3. Due to the stark differences in male body size between the two male morphs and the
additional energetic requirements of maintaining SSCs, I predict that:
a. Flanged males travel shorter distances each day than unflanged males.
b. Flanged males travel at slower speeds than unflanged males.
4. As unflanged and flanged males have differing socio-sexual strategies I predict that:
a. Unflanged males spend more time travelling than their flanged male
counterparts, as unflanged males actively search for females while the flanged
males wait for the female to approach them.
b. Unflanged males travel on more sinuous routes than flanged males as they
search for females.
5. I expect that flanged males of different social ranks have different ranging behaviour:
a. If dominant flanged males adopt a sit-call-wait strategy, I expect that these
males travel less when producing more long calls.
b. If transient males who are passing through the ranges of other males wish to
avoid conflict, I expect that these males travel further each day at greater
speed and on more direct routes whilst producing fewer long calls.
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4.2 METHODS
4.2.1

DAY RANGING

Over the nine years of research carried out in Sabangau (2003 - 2012), male orang-utans were
followed from the minute they awoke and left their nest in the morning until the moment they
settled down in their night-nest in the afternoon or evening, on 380 different occasions. Only
these full-day follows were considered in this study to decrease the risk of bias, both in daily
travel distances, and in exploring the daily activities or conditions which may affect an
individual’s travel behaviour.
All data were collected by field assistants trained in measuring distances and furthermore the
majority of the data were collected from within the 2 x 2 km grid system which consists of
transects placed ca. 250m apart.
Day-range estimates were made using data from full-day nest-to-nest follows. Two aspects of
day range distance were considered: overall nest-displacement; and the total distance
travelled by the orang-utan during the day, or “Daily-Path Length” (DPL).

4.2.1.1

DAILY-PATH LENGTH

Average male daily-path length (DPL) was calculated in two separate ways. In the first
method, DPL was calculated from the five-minute travel data taken whilst following a male
individual: the observer records the distance the focal animal has travelled in the five minutes
since the last observation, estimated to the nearest five metres. This technique was used by
Harrison (2009) and Morrogh-Bernard (2009) in their studies at this study site and has also
been used by researchers at other sites (Gunung Palung: Knott, 1999), and has the advantage
of simplicity in calculating DPLs (a simple addition carried out using the five-minute
instantaneous data collected within a database). Yet, despite the training measures taken to
ensure accuracy, distances travelled across a five-minute period can easily be misjudged; and
an individual observer’s tendency to over- or under-estimate a distance is compounded when
summing large numbers of observations from a single follow to estimate the daily-path
101

Chapter 4: Day Range
length. Furthermore, when attempting to follow orang-utans through the forest, obstacles
often hamper a researcher’s pursuit, or there can be instances in which the orang-utan may be
lost for a five-minute period or longer. These problems are especially common when
attempting to follow male orang-utans as they frequently travel long distances on the ground
and can be extremely fast and silent as they pass fallen trees or other obstacles with relative
ease compared to researchers. Thus, it is possible that DPLs estimated from these five-minute
observational data may be inaccurate.
In the second method, DPL was calculated using the follow-maps hand drawn whilst
following the orang-utan over the day, with additional checks made against any data collected
on Global Positioning Satellite (GPS) units and distance tags spaced at short intervals along
any transects crossed. Following this, the maps were digitised using computer mapping
software (MapSource v6.13.6, ©GARMIN; followed by ArcGIS v10.2, ©ESRI). All
distances were calculated automatically from the digitised trails using the ArcGIS v10.2
program. The accuracy of these hand-drawn maps was of paramount importance, as the
precise placement of each night’s nest location on the map was used by the following day’s
research team to locate that individual early in morning whilst still dark. The precision of the
maps was tested and confirmed as, since 2009, in addition to the hand-drawn maps, GPS
units have been used on each follow, creating waypoints every five minutes and recording the
path and distance in a “track log”. When the maps from these GPS units were compared to
the hand-drawn maps since 2009, the estimated DPLs from both techniques were found to be
within ±50 metres of each other. Thus, it is assumed that maps pre-2009 would have a similar
level of accuracy.
When the GPS maps were compared to the distances calculated using the five-minute
measurements from the database, I found that observers had often vastly under- or overestimated distances travelled across a day; in most cases this was by several hundred metres,
but in some cases estimates differed by up to a kilometre. As a consequence of these findings,
all the reported distances and subsequent calculations have been measured using the digitised
hand-drawn maps. DPL calculated using the instantaneous five-minute observation data are
identified as “Database”; these have not been used in any subsequent calculations and are
only presented in instances in which comparisons are made with other studies in which this
method has been used (see Table 4.10 in Section 4.4: Discussion).
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4.2.1.2

TRAVEL DIRECTNESS RATIO AND TRAVEL SPEED

A directness ratio was calculated from the daily-path length and nest displacement; the
resulting ratio ranged between 0, a very meandering path, and 1, a direct line (Parsons 1999).
Travel speed was the rate at which the individual travelled during the day, calculated from the
DPL and active period; the DPL (in metres) was divided by the active period (in minutes) to
create a constant speed reported as metres/hour.

4.2.1.3

TIME ALLOCATED TO TRAVEL

Time allocated to travel was also considered as a measure of ranging behaviour. Overall, the
male orang-utans in Sabangau spent the largest proportion of their daily active period feeding
(62%), then resting (22%), and travelling (14%); whilst nesting (2%) and socialising (1%)
activities took up the least amount of their time. The differences in activity budget across
calendar months for flanged and unflanged males are illustrated in Figure 4.1.

Figure 4.1: Activity budgets by calendar month across the period 2003-2012 for flanged
males and unflanged males. Main activities of feeding, travelling, resting, socialising and nesting
are shown, along with mean active period.
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4.2.2

FIXED FACTORS

4.2.2.1

DIET

Monthly fruit availability was included as a fixed factor in the models (see Section 2.2.3.4:
Forest Productivity Data). Differences in the diet of the adult male orang-utans in Sabangau
were also considered by examining the proportion of their overall feeding time that was spent
consuming different classes of food. Overall, it was found that they spend most of their
feeding time eating fruit (69.5%), followed by invertebrates (9.0%), leaves (8.1%), flowers
(8%), bark (3.7%), pith (1.4%) and the remaining “other foods” (< 1%).
Food items were categorised into three main food groups depending on availability and type:
(1) fruit; (2) vegetation, which comprised any vegetative matter including leaves (e.g., lianas,
vines and epiphytes), pith (e.g., pandan and rattan) or small stems or shoots; these are all
constantly available food sources; (3) invertebrates, including any termites, ants, bees, etc.
Analyses were focused on the most important food types in the diet and, hence, did not
include bark and “other” food types, as consumption of these items was very infrequent and
unlikely to be of significant influence on travel distances and other activities. Flowers were
also excluded due to their seasonal availability and low energy content, making them neither
an energy-rich nor a fall-back food.

4.2.2.2

SEASONALITY AND WEATHER

The months were categorised into seasons, providing three groups: dry season (July October), early wet season (November - February) and late wet season (March – June). To
investigate the influence of weather parameters on day range, the effect of temperature and
rainfall were considered. As reported in Chapter 2: Methods, average daily temperature only
changed slightly between months and seasons, but, nonetheless, temperature was included as
a factor by considering the mean of the 0600h and 1800h temperature records on the day of
the follow. To investigate the influence of rain on ranging, the effect of both 24-hour and 12hour overnight rainfall (1800h-0600h) on daily-path length was considered. The 24-hour
rainfall was calculated from amount of rain there was between 1800h the evening before the
follow, until 1800h on the evening of the follow.
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4.2.2.3

SOCIAL FACTORS

In order to investigate the effects of group size on day range, two aspects of association with
females were included as predictor variables: female encounter (yes/no) and percentage of the
active period spent in association with the female. Female-receptivity indices for each month,
based on the proximity to presumed months of conception of offspring, were also included in
the models (see Section 3.2.1.4: Temporal Changes in Female Receptivity). Male class was
also considered in relation to aspects of day ranging, in order to detect differences between
unflanged and flanged male behaviour. For flanged males, dominance status and long-call
rate were also included as predictor variables.

4.2.2.4

ACTIVE PERIOD

As it was anticipated that the length of the active period would affect the overall distance
travelled in a day, active period was included as a fixed factor. The mean active period length
across all males was 650 minutes (SD = 69, N = 380). Unflanged male active periods ranged
from 508 minutes to 832 minutes (x̄ = 681, SD = 60, N = 90), whilst those of flanged males
ranged from 395 minutes to 817 minutes (x̄ = 641, SD = 69, N = 290).

4.2.3

STATISTICAL ANALYSIS

Generalised Linear Mixed Models were constructed to investigate systematically the
hypotheses raised in the previous section. The most appropriate distribution and link function
were determined for each target variable; as such, daily-path length, nest displacement, speed
and travel time were investigated by gamma regression; directness ratio was transformed to a
logarithmic scale and investigated by linear regression. In all models, orang-utan name was
identified as a random factor to account for individual variation. All proposed determinant
terms were included as fixed factors (see Section 4.2.2: Fixed Factors) and were eliminated
stepwise to produce the model with the lowest AICC value (see Section 2.3.3: Statistical
Analyses).
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4.3 RESULTS
Day ranging behaviour of male orang-utans was considered from records of 380 full-day
follows conducted over a nine-year period from 2003 to 2012 in the Sabangau forest; partialday follows were not included in this analysis. Of the full-day follows on record, maps were
missing for 10 flanged-male follows; these were therefore excluded from analysis of dailypath length and nest displacement, leaving a sample size of 370 follows for analyses using
these parameters.

4.3.1

DAILY-PATH LENGTH

The mean daily-path length (DPL) across all full-day follows of adult male orang-utans was
1098 metres (SD = 544, N = 370). Flanged males travelled a mean 984m (SD = 498, N =
280) whilst the mean distance unflanged males travelled was 1453m (SD = 528, N = 90). The
longest DPL of any flanged male was 3225m, nearly a kilometre further than the next highest
DPL (2460m). The shortest recorded DPL of any flanged male was only 85m during a fullday follow. The longest DPL travelled by an unflanged male was 2985m whilst the shortest
DPL of an unflanged male was 400m.
A Generalised Linear Mixed Model was constructed to predict the DPL of male orang-utans.
The best model included male class, female encounters, length of active period, time spent
feeding on fruit and vegetation, and monthly fruit availability; the parameters are shown in
Table 4.1.
Flanged males travelled significantly shorter distances each day than their unflanged
counterparts; these results are illustrated in Figure 4.2A. DPLs were significantly longer on
days females were encountered (Figure 4.2B) but the inclusion of period of female
association did not reduce the AICC of this model so therefore was excluded.
Male orang-utans also travelled significantly further on days on which their active periods
were longer. In terms of how a male’s diet affected how far he travelled, the amount of time
spent eating both fruit and vegetation were negatively correlated with DPL. Monthly fruit
106

Chapter 4: Day Range
Table 4.1: Generalised Linear Mixed Model parameters for daily-path length of all males.

B

A

Figure 4.2: Daily-path length of male orang-utans split by (A) male class and (B) whether a
female was encountered on the follow. Boxes represent central 50% of datapoints; whiskers
encompass 95% of datapoints. Points falling outside these ranges are represented by circles.
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availability did not have a significant effect on DPL, however, inclusion of this term
improved the AICC of the overall model. Further terms related to other diet items, weather,
seasonal parameters and female-receptivity index were excluded from the model as they did
not improve the AICC of the model; interactive terms between female association period and
diet components also failed to improve the model.
A second model was constructed based on the flanged male dataset, in order to elucidate any
effect of dominance rank and long-call behaviour on DPL (Table 4.2). The inclusion of these
factors did not, however, improve the model, nor did the inclusion of an interactive term
between male status and long-call rate.
Thus, these results for daily-path length support my hypotheses that flanged males travelled
shorter distances than unflanged males; that males travelled further on days when they
associated with females (although the length of the association was not significant); and that
day ranges were shorter when vegetation featured more prominently in the diet. There is no
evidence, however, to support the hypotheses that the social ranks of flanged males, longcalling behaviour, or fruit availability significantly influenced daily-path length.

Table 4.2: Generalised Linear Mixed Model parameters for daily-path length of flanged males.
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4.3.2

NEST DISPLACEMENT

The mean nest displacement of flanged males was 561m (SD = 321, N = 280), while that of
unflanged males was 746m (SD = 367, N = 90).
When considering data for all males, the best nest-displacement model included only two
factors: the length of time spent feeding on vegetation and monthly fruit availability (Table
4.3). The distance between night nests significantly decreased with longer periods spent
feeding on vegetation; monthly fruit availability was a factor in nest displacement and
contributed to the overall model but its correlation with nest displacement was not significant.
The factors which did not improve the AICC of the model, and so therefore were omitted,
were time spent consuming fruit and invertebrates, social factors (female encounter, female
association period and female-receptivity index), male class, weather parameters, season, and
interactive terms between female association period and diet components.
Interestingly, when only the data for flanged males were considered, two further terms
significantly reduced the AICC of the model (Table 4.4); these terms were time spent feeding
on fruit and an interactive term between long-call rate and flanged male dominance rank.
Within this model, greater nest-displacement distances were significantly correlated with
lower periods spent eating both fruit and vegetation; again, monthly fruit availability
improved the AICC although the contribution was not significant. The interaction between
long-call rate and flanged male status also significantly improved the model, as illustrated in
Figure 4.3; the non-dominant male class nested further away as their long calling rate
increased.
Thus, these results for nest displacement further support the hypothesis that day ranges were
shorter when vegetation featured more prominently in the diet; furthermore, it is suggested
that, for flanged males, day ranges were also shorter when more fruit was consumed. In
addition, a difference was found between classes of flanged male, such that the least
dominant class travelled further when long calling more, compared to the other classes.
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Table 4.3: Generalised Linear Mixed Model parameters for nest displacement of all males.

Table 4.4: Generalised Linear Mixed Model parameters for nest displacement of flanged males.
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Figure 4.3: Scatterplots of nest displacement against long-call rate for flanged males of different
dominance ranks. Simple linear regression lines for each social rank are shown. See Chapter 3:
Dominance for determination of flanged male social status.

4.3.3

TRAVEL DIRECTNESS RATIO

To investigate the factors affecting the directness of male orang-utan travel paths, the
directness ratio was calculated for each follow as a ratio of the overall daily travel path
against the nest-to-nest distance.
The best model for directness ratio only included female association period (Table 4.5).
Males travelled significantly less-direct routes as they spent longer periods with females, as
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Table 4.5: Generalised Linear Mixed Model parameters for travel directness of all males.

illustrated in Figure 4.4. Monthly fruit availability, diet items (fruit and vegetation), femalereceptivity index and male class did not contribute to the model so were omitted; an
interactive term between male class and female association period also failed to improve the
model.

Figure 4.4: Scatterplot of travel directness ratio against female association period. Simple linear
regression line shown.
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To investigate whether flanged male dominance rank correlated with directness ratio, another
GLMM was constructed based on the flanged males in the dataset; no correlation was found,
however, between dominance status or long call rate and directness ratio.
Thus, these results for travel-directness ratio do not support my hypothesis that unflanged
males would travel on more sinuous routes than flanged males as they search for females, nor
that flanged males of different social ranks would travel on more or less direct paths. There
was, however, a correlation between female association period and directness, such that both
classes of male travelled on less direct routes the longer they spent with a female; this may
relate to mating strategy and will be discussed later.

4.3.4

TRAVEL SPEED

Travel speed was best modelled using male class, female encounter rate, time spent feeding
on fruit and vegetation and monthly fruit availability (Table 4.6). Flanged males travelled at
significantly slower speeds than unflanged males, and all males travelled significantly slower
on days when they did not encounter females; these results are illustrated in Figure 4.5. Male
orang-utans travelled significantly slower the more time they spent eating both fruit and
vegetation. Monthly fruit availability contributed to the accuracy of the overall model despite
having no significant correlation with travel speed. Female association period and femalereceptivity index did not contribute to the model; neither did interactive terms between
monthly fruit availability and food items, so these terms were omitted.
I also wanted to identify whether flanged males travelled at different speeds depending on
their social status. A second GLMM was constructed using only data from flanged male
follows (Table 4.7). As observed in the previous model, female encounter rate, time spent
feeding on fruit and vegetation and monthly fruit availability all improved the model’s AICC.
The overall model for flanged male travel speed was further improved with the inclusion of
an interactive term between flanged-male status and long-call rate. As illustrated in Figure
4.6, transient males’ travel speed increased as their long-call rate decreased, whereas the nondominant male class travelled faster as their long calling rate increased.
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Table 4.6: Generalised Linear Mixed Model parameters for travel speed of all males.

Figure 4.5: Mean travel speed of flanged and unflanged male orang-utans in relation to female
association period. Female association period categorised as none, less than half the day or more than
half the day. Error bars represent 95% Confidence Intervals.
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Table 4.7: Generalised Linear Mixed Model parameters for travel speed of flanged males.

Thus, these results for travel speed support my hypotheses that flanged males travelled at
slower speeds than unflanged males, and that transient males travelled at a greater speed
when producing fewer long calls, consistent with a strategy of moving through an area
undetected to avoid conflict.
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Figure 4.6: Scatterplots of travel speed against long-call rate for flanged males of different
dominance ranks. Simple linear regression lines for each social rank are shown. See Chapter 3:
Dominance for determination of flanged male social status.

4.3.5

TIME ALLOCATED TO TRAVEL

The model of best fit (which produced the lowest AICC) for predicting time allocated to
travel included time spent eating fruit and vegetation, monthly fruit availability and an
interactive term between female-receptivity index and male class (Table 4.8). The time
allocated to travel decreased as the orang-utan spent more time feeding on fruit and
vegetation. For flanged males, time spent travelling decreased in months with higher female116
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Table 4.8: Generalised Linear Mixed Model parameters for time allocated to travel of all males.

Figure 4.7: Scatterplot of time spent travelling (expressed as a percentage of the active
period) against the female-receptivity index for the month for flanged and unflanged males.
Simple linear regression lines shown.
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receptivity indices, but there was no significant trend for unflanged males; this is illustrated
in Figure 4.7. Monthly fruit availability contributed to the overall model, but again its
correlation to time spent travelling was not significant.
In order to examine the effect of flanged-male dominance hierarchy on time spent travelling,
a second GLMM was constructed to predict time spent travelling based on the flanged male
dataset (Table 4.9). In this model, in addition to the terms above, an interactive term between
long-call rate and status improved the model but did not have a significant relationship with
travel time. The inclusion of an interactive term between flanged-male dominance-rank and
female-receptivity index did not improve the model and this term was thus excluded.
These results for time allocated to travel support my hypothesis that unflanged males spent
more time travelling, as they were actively searching for females, whereas flanged males
spent less time travelling, and more time “sitting and waiting”, when females were more
receptive.

Table 4.9: Generalised Linear Mixed Model parameters for time allocated to travel for flanged
males.
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4.4 DISCUSSION
4.4.1 OVERALL DAY RANGING
The mean daily-path lengths of both flanged and unflanged male orang-utans in this study
were longer than those reported from other research sites across Borneo and Sumatra (Table
4.10), with the exception of data from Suaq Balimbing (van Schaik et al., 2013). In very few
studies, however, are the methods of calculating these distances fully elucidated, so this
substantial increase in the DPL could be a product of differing techniques, (as detailed in
Section 4.2.1.1: Daily-Path Length). For completeness, daily-path lengths calculated from the
“database” method are included in Table 4.10, to aid comparison with other studies in which
this method was used.
Earlier in this chapter, I hypothesised that flanged males travelled shorter distances each day
than unflanged males (hypothesis 3a); from my results I found that, with regards to daily-path
length, flanged males travelled significantly less far each day than unflanged males, thus
supporting my hypothesis. This correlates with the previous findings in Sabangau (MorroghBernard, 2009; Harrison, 2009), as well as with studies on the Sumatran orang-utan in
Ketambe (Wich et al., 2006a). Few studies have provided estimations for DPL of both
flanged and unflanged males (Table 4.10), but despite the variation between sites it is
generally recognised that unflanged males tend to travel further each day than their flanged
male counterparts within a population. Further work is needed to determine if this trend is
universal, particularly regarding unflanged males at the sites for which no estimate is given.
In other studies, the daily-path length of females was reported to be between those of flanged
and unflanged males (see Table 4.10); from my results, however, it appears that daily-path
length of both flanged and unflanged males were longer than published reports for adult
females (with the exception of one result from Wartmann, 2008, discussed in more detail
below). Comparisons of my results with published data on female daily-path length, however,
are difficult to interpret. Calculations of daily-path lengths for females in Sabangau were not
performed in this study, as using the digitalised map method of analysis for females as well
as males would have been extremely time-consuming and thus beyond the scope of this
research. Previously published data on daily-path length for females in Sabangau, however,
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Table 4.10: Orang-utan day-path lengths across research sites, arranged by sub-species.

are based on the “database” method (Morrogh-Bernard, 2009; Harrison, 2009) and, therefore,
may not be comparable to the male daily-path lengths calculated here.
The recent study conducted by Wartmann (2010) concentrated exclusively on female DPLs
and home ranges at the Tuanan research site (another ombrogenous peat swamp environment
situated 60 kilometres from Sabangau); in this publication daily-path lengths of female orangutans were calculated from digitised map and GPS methods comparable to those used in my
calculations. Wartmann (2010) gave a figure for the daily-path length of all females
collectively as 777 metres (which is shorter than my results for mean DPL of both flanged
and unflanged males); within her MSc thesis (2008), however, the author split females into
sexually active and inactive, which yielded a highly-disparate result: sexually-active females
travelled 1124 metres each day, whilst sexually inactive females travelled 704 metres each
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day. The figure given for sexually-active adult females fell between my DPL values for
flanged and unflanged males, thus supporting the pattern observed in other studies; during
Wartmann’s research period, however, only two of the seven females she studied were
sexually active, so the results should be interpreted with caution in light of such a small
sample size. There are, furthermore, several behavioural differences reported between the
Tuanan and Sabangau populations despite their close proximity and similar habitat,
particularly in their activity budgets: orang-utans at Tuanan are found to rest for longer
periods in the day, eat for shorter periods and have considerably more leaves in their diet
(Morrogh-Bernard et al., 2009); as such, it would not be appropriate to assume that figures
for female DPLs from Tuanan are representative of those in Sabangau and, thus, comparison
of my results for males with these published data for females would be inappropriate.
Thus, differences between methods (c.f. Morrogh-Bernard, 2009) and between sites (c.f.
Wartmann, 2008) create difficulties in making comparisons between the daily-path lengths
found here for males and those reported for female orang-utans. I would suggest that further
research is required into female DPLs at Sabangau, using Wartmann’s method, in order to
ascertain whether these published figures for female DPLs at Tuanan correlate with those of
the female population in Sabangau when applying the same techniques, and generate accurate
figures for female daily-path length for comparison to the male results presented here.
Nevertheless, when examining day-range estimates based on comparable methods (GPS data
and digitised maps), my results for the DPLs of the Sabangau males were somewhat longer
than those reported from other sites (Gunung Palung: Parsons, 1999; Ketambe: Wich et al.,
2006a). Variations in habitat heterogeneity between sites has been suggested as an
explanation for differences in female orang-utan home range estimates (Singleton et al.,
2009), as larger home ranges are found in habitats in which travel from one area to another is
less demanding and food abundance is inconsistent across the range; conversely, smaller
home ranges are found when travel is more challenging, as the orang-utans instead rely on
fall-back foods in times of fruit scarcity. As the peat swamp at Sabangau is considered to be a
homogeneous forest, it is unlikely that the longer DPL values for this population can be
explained by searching for patches of greater fruit abundance; it is possible, however, that
shorter DPLs are adopted in heterogeneous masting forests if travel between areas of
different fruit availability at those sites is more challenging.
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4.4.2

ENERGETICS

At the start of this chapter, I predicted that energetic constraints may affect male orang-utan
day range both in terms of changes in energy intake (fruit availability and diet composition)
and differences in energy requirement between flanged and unflanged males.
In particular, I hypothesised that, due to the differences in male body size between the two
male morphs and the additional energetic requirements of SSCs, flanged males would travel
shorter distances and at slower speeds than unflanged males (hypotheses 3a and 3b). My
results supported these hypotheses, as flanged males travelled significantly shorter distances
than unflanged males (discussed above) and their speed was significantly slower than that of
unflanged males (FM: x̄ = 91m/hr, SD = 43; UFM: x̄ = 128m/hr, SD = 43). These results for
travel speed are comparable to those reported from Suaq Balimbing, where mean travel
speeds were around 90m/hr for flanged males, and 118m/hr for unflanged males.
These results have important implications for the way energetic constraints may influence
dietary selection in flanged and unflanged males. As discussed in the introduction (see
Section 4.1.4: Alternative Male Strategies), it has been proposed that Bornean flanged males
may not suffer the same mobility constraints as Sumatran flanged males, owing to their more
terrestrial nature and relative ease of movement along the ground compared to in the trees
(van Schaik et al., 2009), and, consequently, that the differences between flanged and
unflanged males may be less marked on Borneo than on Sumatra. Comparable average travel
speeds are suggested for the males of Sabangau and Sumatran males of each class, and thus it
could be anticipated that flanged males in peat-swamp forests on Borneo may also display the
‘sedentary strategy’ adopted by Sumatran flanged males, of consuming large amounts of fruit
when plentiful in the area, but switching to vegetation at times when searching for fruit
involves greater travel (van Schaik et al., 2009).
My results supported the hypothesis that male orang-utans in Sabangau operated an energyconservative strategy, with shorter day ranges, slower travel and less time spent travelling
when there were more supplementary food types such as foliage in the diet (hypothesis 1b). I
also hypothesised that if male orang-utans foraged for preferred fruit items then they would
travel further when fruit availability was higher (hypothesis 1a). Monthly fruit availability
was not a significant factor in the ranging models, but more time spent eating fruit correlated
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significantly with shorter DPL, shorter nest displacement (for flanged males), slower travel
speeds and less time allocated to travel during the day.
From these results, it could be inferred either that fruit preference was a more important
factor in male orang-utan ranging behaviour, or that the fruit availability surveys were too
broad to represent accurately fluctuations in the energy resources available; some species of
fruit are energy-rich and easily consumed, whilst other species may take a longer time to
access without providing as many calories and nutrients (Harrison, 2009). Thus, the overall
measure of fruit availability and fruit consumed may mask subtle fluctuations in diet choice;
gibbon species in central Borneo, for example, are reported to switch to different fruit species
when overall fruit availability is low (McConkey et al., 2003). In the future it could be
investigated whether ranging behaviour changed in relation to different species of fruit in the
diet rather than the overall fruit consumed, and the energetics of each of the food species
consumed could be considered more precisely.
Nevertheless, of the two ecological strategies that have been proposed for orang-utans (‘sit
and wait’ vs. ‘search and find’; Morrogh-Bernard et al., 2009), my results for male orangutans in the Sabangau peat swamp correspond with a ‘sit-and-wait’ strategy, rather than the
‘search-and-find’ strategy proposed for peat-swamp forests. This pattern is consistent with
decreased day range to conserve energy whilst broadening their diet to include highly
abundant but low-quality ‘fall-back foods’ (MacKinnon, 1996; Wrangham et al., 1996;
Knott, 1998b), and also reflects the pattern found for flanged males in Sumatra, of consuming
large amounts of fruit when available in the area, but switching to foliage rather than
searching out preferred fruits (van Schaik et al., 2009).
The trend of shorter day range when consuming larger amounts of fruit has also been found
in males of the P.p.morio subspecies at other homogeneous forest sites on Borneo (Rodman,
1979; Mackinnon, 1996). In heterogeneous Bornean forests, however, at Gunung Palung
(Knott, 1999) and at Tanjung Puting (Galdikas, 1979; Galdikas, 1988) male daily-path
lengths increased significantly with larger amounts of fruit consumed and at times of high
fruit availability.
From these results it would be rational to suggest that, because of the small variability in
fluctuations between seasons in peat-swamp forests, fruit availability has less effect on male
orang-utan ranging patterns in Sabangau than at sites which are more susceptible to periods
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of fruit scarcity, particularly masting dipterocarp forests. Furthermore, as overall fruit
availability in peat-swamp forests never reaches the high levels of abundance that can be seen
in masting forests, it may be the case that at times of relatively-high fruit availability in peat
swamps, orang-utans are able to forage comfortably, but cannot afford to travel farther in
search of preferred fruit items; there may also be no benefit in travelling farther in search of
preferred items, due to the homogeneous nature of the forest. In this context, it is also
possible that the daily-ranging route may be primarily influenced by factors other than
fruiting patterns, and the observed dietary changes may be a secondary consequence of food
accessibility in the immediate vicinity.

4.4.3

MALE STRATEGIES

Based on the different socio-sexual strategies of flanged and unflanged males, I predicted that
unflanged males would spend more time travelling than their flanged male counterparts, as
they actively search for females, whilst flanged males adopt a “sit-and-wait” strategy
(hypothesis 4a); my results support this hypothesis, as flanged male travel time was less than
that of unflanged males, and reduced further in times of greater female receptivity.
These findings are correlated with those from other sites, as flanged males spent significantly
less time travelling than unflanged males at Tuanan (Morrogh-Bernard et al., 2009), Ketambe
(Wich et al., 2006b), Suaq Balimbing (Fox et al., 2004), Mentoko (Mitani, 1989). At other
sites, however, no significant difference was found between age-sex classes in time spent
travelling, including Tanjung Puting (Galdikas, 1988), Suaq (van Schaik et al., 2009) and
earlier analyses from Sabangau (Morrogh-Bernard, 2009).
I also hypothesised that unflanged males would travel on more sinuous routes than flanged
males as they search for females (hypothesis 4b); but I found no significant relationship
between male class and directness ratio; thus, this hypothesis must be rejected. There was,
however, evidence to support my hypotheses regarding the effect of rank on flanged male
ranging: transient males travelled fastest when producing the fewest long calls, consistent
with trying to pass undetected through the range of a more dominant male (hypothesis 5b); of
the resident males, non-dominant males had greater nest displacement when producing more
long calls, suggesting that the long call has stronger role in male spacing mechanism than
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female attraction for this group of males, compared to the “call-and-wait” strategy of
dominant males. These results, in the context of the socio-sexual strategies of flanged and
unflanged males, will be discussed further in Chapter 7: Conclusions.

4.4.4

SOCIALITY

Overall, sociality was very infrequent in the orang-utans of Sabangau: males were alone, on
average, 87% of the time. As noted in Chapter 3: Dominance, there was a significant
difference between the classes of male in their social behaviour: unflanged males were more
social than flanged males, both in terms of encountering females more frequently, and
spending long periods in association with them. Overall, unflanged males spent 69% of their
time alone, whilst flanged males were alone 93% of the time.
These figures mirror findings from Tanjung Puting, where flanged males spent 91% of their
time alone (Galdikas, 1985a) compared to 59% for unflanged males (Galdikas, 1985b). This
difference is also evident in reports from Ketambe, where flanged males were alone 62% of
the time, compared to unflanged males at 42% (Rijksen, 1978), although these figures also
reflect the greater overall sociality of Sumatran orang-utans compared to those on Borneo,
which is attributed to differences fruit abundance, as increased food availability is thought to
mitigate the costs of associations (Mitra Setia et al., 2009).
Based on the ecological-constraints model (see Section 4.1.2: Group Size and Associations) I
hypothesised that there would be a positive correlation between day ranges and length of
association with females, as the orang-utans must find more food than when travelling alone
(hypothesis 2). From the theory of the ecological constraints model, it would be expected that
the factors leading to longer day range, when otherwise solitary animals form associations,
would act in a dose-dependent manner, such that a prolonged association would have greater
effect on the day range than a brief encounter. From my results, aspects of male orang-utan
day range were significantly affected by whether he encountered a female, which led to
longer DPLs and faster travel speeds; but these results were not influenced by the length of
the association. The only parameter which showed a time-dependent relationship with female
association period was the directness ratio, such that males spending longer periods with
females travelled on more meandering routes.
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These results are consistent with the findings of some previous authors, that males have to
increase their day range when being social (Galdikas, 1988). No evidence was found,
however, to support other conclusions in the literature that travel time is increased when
males associate with females (Galdikas, 1988; Mitani, 1989). Interestingly, Galdikas (1988)
reports similar findings, such that association with another individual led to increased day
range, regardless of the brevity of the contact. From these results, it could be suggested that,
by merely encountering a female, the male changed his ranging behaviour to incorporate the
female, perhaps indicating that encountering the female triggered a motivation to travel
farther, rather than a response to the amount of food required for two individuals, rather than
one, during the period of the association. Similar results have been found for mountain
gorillas (Gorilla gorilla beringei), where a solitary male mountain gorilla travelled much
longer distances during and following encounters with groups (Yamagiwa, 1986).
Irrespective of the need to travel farther in order to acquire food for both parties, associations
necessarily lead to an alteration in day range if the normal day range of each party is not
identical. As shown in Table 4.10, the day ranges of females and males within each site were
rarely equal, with the DPL of females frequently being longer than those of flanged males,
but shorter than those of unflanged males. Thus, it is inevitable that for a male and female to
associate together for any length of time, one or both parties will have to adjust their ranging
behaviour in order to maintain the association. This has been noted at Sumatran sites, where
flanged males had to increase their day range in order to maintain associations with sexually
active females (Mitra Setia et al., 2009).
Another important aspect highlighted in Table 4.10 is that females at different reproductive
stages had different day ranges: nulliparous females and those who were sexually active
usually travelled further each day than adult females supporting infants, and at many sites
their DPL was closer to that of unflanged males. As noted by other authors, these females are
likely to present less food competition as they are not accompanied by their offspring
(Galdikas 1985b) and their own metabolic requirements will be lower than those of a
lactating female; thus, the costs of associating with these females may be lower than with an
adult female supporting an infant. Galdikas (1985b) has also suggested that there may be
additional benefits to a recently-dispersed unflanged male in associating with a nulliparous or
adolescent female, as he may be able to learn about local fruiting trees and the most efficient
foraging routes, in an area of forest with which he may not be familiar.
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Furthermore, it is likely that a male’s motivation to adjust his ranging in order to maintain
association with a female is strongly related to female receptivity. As noted by van Schaik et
al. (1999), association occurs when mating opportunities are presented, regardless of food
supply. For my analyses, it was not possible to discern the reproductive status of the female
in the association; thus, further work on a larger data set incorporating this information could
lead to further elucidation of the effects of this factor on male ranging. I was able to examine,
however, the relationship between day range parameters and female-receptivity index, as a
measure of the receptivity of the resident females in the area. Of the analyses performed, the
only significant correlation between female-receptivity index and ranging parameters was in
terms of time allocated to travel: flanged males spent significantly less time travelling in
months with higher female receptivity, whereas the correlation for unflanged males was very
low and not of statistical significance. This supports the theory of the ‘sit-and-wait’ strategy
of flanged males: although there was no significant correlation with overall travel-path
length, by spending less time travelling the flanged male stayed in each area for longer,
allowing the female sufficient time to approach him. Unflanged males, on the other hand,
maintained normal travel parameters as they continued to search for females.
The fact that unflanged males, who are thought to have the longest DPL of all age-sex classes
(see Table 4.10), travelled further when in association with a female than when they were
alone, could be explained by two theories. Firstly, females may naturally have longer DPLs
than suggested from published estimates; thus, the unflanged male had to increase his travel
distance to maintain the association. Secondly, both the female and unflanged male may have
increased their daily travel path significantly due to the association. If the latter is true, it may
either represent a strategy to find enough food for both parties, or reflect a situation where the
presence of the unflanged male is disturbing the female, who makes efforts to move away and
break the association. Personal observations from the field, as well as reports in the literature,
confirm that unflanged males appear subjectively to harass females when in association with
them (van Schaik, 1999; Utami Atmoko et al., 2009). Thus, my results support the theory that
the success of unflanged males in encountering females, and maintaining much longer
associations with them compared to their flanged male counterparts, may be a product of
their strategy to seek-out, harass, and ultimately hope to mate with resident females. This
aspect of male sexual strategies will be discussed further in Chapter 7: Conclusions.
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4.5 SUMMARY
1. The day range of male orang-utans was correlated with diet composition, such that
day ranges were shorter when more supplementary food types such as foliage were in
the diet; this is consistent with an energy-conservative strategy. No significant
correlation was found, however, with fruit availability.
2. There was no correlation between male orang-utan travel distance and weather
parameters or seasonality.
3. Spending time with a female was correlated with longer day ranges, consistent with
increased energetic requirement of a group compared to when foraging alone. The
effect on day range was significant for any day on which a male encountered a
female, however, rather than depending on the length of the association.
4. Unflanged males travelled significantly further each day than flanged males, both in
terms of their daily-path length and their nest displacement, and travelled at greater
speeds. These differences in activity between the smaller, more agile unflanged males
and the large cumbersome flanged males clearly allude to the negative energetic costs
associated with obtaining the secondary sexual characteristics (i.e., large body size)
apparent in the flanged males.
5. Flanged males spent significantly less time travelling in months of higher female
receptivity, consistent with their “sit-and-wait” strategy, compared to the “seek-andfind” strategy of unflanged males. No difference in the directness ratio of the daily
paths of flanged and unflanged males was found.
6. Of the flanged males, transient males travelled fastest when producing the fewest long
calls; this is consistent with trying to pass undetected through the range of a more
dominant male. No other significant differences were found between the ranging
patterns of males of different social ranks.
7. Further analysis of female daily-path lengths, using digitised map or GPS methods, is
required in order for valid comparisons between the sexes to be made.
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5.1 INTRODUCTION
5.1.1

FACTORS AFFECTING HOME RANGE

Knowledge of a species’ home range size and ranging patterns allows us to infer many things
about their behavioural ecology, such as resource use, social interactions and daily activity.
Indeed, Burt’s (1943) view that home ranges can be considered as the spatial expressions of the
behaviours carried out by animals to survive and reproduce that may change between seasons
or years, is still widely accepted. By gathering this information we can begin to understand
how an animal adapts to its environment (Börger et al., 2006a) and gain insight into their
strategies for maximising energetic and reproductive success (Defler, 1995). Furthermore,
researchers have also outlined the vital importance of these baseline data in providing an
understanding of a species’ habitat requirements (Singleton and van Schaik, 2001; Börger et
al., 2006b; Nkurunungi and Stanford, 2006) and in creating suitable conservation management
initiatives and protocols (Haskell et al., 2002; Ganas and Robbins, 2005; Hockings and
Humble, 2009; Campbell-Smith et al., 2011).
It has been demonstrated in several studies that body size and metabolic requirements are the
primary influences on a resident animal’s home range across a wide number of mammals
(McNab, 1963; Harestad and Bunnel, 1979; Harvey and Clutton-Brock, 1981; Gittleman and
Harvey, 1982; Kelt and Van Vuren, 2001), but also, in other taxa (birds: Armstrong, 1965;
Schoener, 1968); lizards: Turner et al., 1969; Rose, 1982; fish: Grant and Kramer, 1990). As
such, larger animals typically have higher metabolic needs (Kleiber, 1932) and tend to range
over greater areas than smaller animals, or alternatively, require access to richer habitats
(Clutton-Brock and Harvey, 1977a; Swihart et al., 1988; Basset, 1995; Leonard and Robertson,
2000). A wide variety of factors act to determine an animal’s home-range size including, food
distribution and abundance (Clutton-Brock, 1977); forest structure (Gautier-Hion et al., 1981);
seasonality (Li et al., 2000); dietary niches and trophic level (Clutton-Brock and Harvey,
1977a; Robinson and Redford, 1986). The importance of diet on range size has been
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demonstrated by a number of studies as faunivores typically have larger ranges than frugivores
or folivores of a similar size (Schoener, 1968; Harestad and Bunnel, 1979; Gittleman and
Harvey, 1982; Mace and Harvey, 1983). It is also recognised that frugivores have larger home
ranges than folivores (Mitani and Rodman, 1979; Wrangham et al., 1993), presumably, as a
result of more variation in the abundance and distribution of their food items (Clutton-Brock
and Harvey, 1977a).
The effect of temporal and spatial variations in food sources on range size and shape are
particularly apparent in a range of primate species (Basabose, 2005; Li et al., 2010; Wallace,
2006; Watts, 1998). Clutton-Brock (1974) found that even small differences in feeding ecology
had large effects on home ranges, and Milton and May, (1976) demonstrate a close relationship
between body weight, diet and home range in a number of primate species. Another crucial
determinant of primate home range size is group size, as, in general, group-living primates tend
to have much larger home ranges than other solitary mammals of similar size, whereas solitary
primate species tend to occupy ranges comparable to other solitary mammal species (Milton
and May, 1976). Here, the ‘ecological-constraints’ model applies to primate home-range size,
as it does to day-ranging behaviour (as discussed in Chapter 4: Day Range): larger group sizes
typically lead to greater within-group competition and, therefore, the group needs to range
farther and use larger supply areas to meet the nutritional requirements of all individuals in the
group (Altmann, 1974; Chapman and Chapman, 2000). Likewise, primates living in poorer
habitats are expected to range over larger areas than those living in more productive habitats
(Schoener, 1971; Clutton-Brock and Harvey, 1977b).

5.1.2

ORANG-UTAN HOME RANGES

To date, most research on orang-utan ranging has been focused on females, as it is assumed
that, as in most mammal species, females are the ‘ecological sex’ and that male ranging is
directly influenced by the distribution of females (Trivers, 1972; Singleton et al., 2009). There
is some debate, however, as to whether females are the sole motivation for male orang-utan
ranging and if not, to what degree other factors affect their ranging. At Ketambe, te Boekhorst
et al., (1990) reported that the number of non-resident males that temporarily visited their
research area was more correlated to food availability than to the number of reproductive
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females, whereas, at the same site, Utami Atmoko (2000) suggested that the number of flanged
males correlated positively with the number of reproductive females. Further work is necessary
to resolve this and many other questions, but effective assessment of male home ranges has
been attempted in few studies, as they generally exceed the size of the study areas; in all
studies to date, it is reported that male home ranges are larger than those of females, even
where no estimates were possible (Utami Atmoko et al., 2009). Published estimates of male
orang-utan home-range size vary widely, from as little as 60 - 120 ha at Mentoko, Borneo
(Rodman, 1988), to larger than 2,500 ha at Suaq Balimbing, Sumatra (Singleton and van
Schaik, 2001).
The considerable variation in home range estimates of both orang-utan sexes, both from site to
site and from study to study (Table 5.1), may be attributed to the weakly-defined concept of a
home range, which has been interpreted inconsistently by different researchers. Jolly (1972)
defines home range is the area in which an animal normally resides throughout its adult life,
visiting all areas at least once a year or, in some long-lived species, over longer periods,
primarily based on the availability and distribution of food. As such, an animal’s ‘home range’
includes more than just the ‘core area’; i.e. “the area where the animal habitually sleeps, feeds,
and so on” (Jolly, 1972). Much of the previous research on orang-utans was carried out in
research areas that were generally smaller than estimated home range sizes, and in which
behavioural ecology was the focus of the work, rather than specific investigation of ranging
patterns. Furthermore, several of these early studies only spanned relatively brief durations.
Thus, as Singleton and van Schaik (2001) state “we may consider the home ranges estimated
by studies that are not very intensive, short or restricted to a small area, to reflect core areas, as
opposed to complete home ranges.” For example, prior to the work of Singleton and van
Schaik (2001), the largest range sizes given for females,150-200 (Rijksen, 1978) and 300-600
ha (Galdikas, 1988), resulted from research spanning 38 and 48 months, respectively, whereas
Rodman (1988) carried out the shortest study (15 months) and accounts for the smallest home
range (60-120 ha). Both Mitani (1989) and Suzuki (1992) carried out research spanning a
longer period than Rodman at the same site Mentoko, Kutai Game reserve, but recognised
larger home ranges accordingly (see Utami Atmoko et al., 2009b).
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Table 5.1: Orang-utan home-range estimates from various study sites, arranged by subspecies.
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More recently, studies of female ranges have been carried out for longer periods and follow
similar methods based on minimum convex polygons, kernel densities or both (Knott et al.,
2008; Morrogh-Bernard, 2009; Singleton et al., 2009; Wartmann et al., 2010). Therefore, the
variation between research sites in these more recent female estimates can be assumed to be
real, attributed to the ecological heterogeneity of habitats and taxonomic affiliation (Singleton
et al., 2009). It is now commonly recognised that female orang-utans living in peat-swamps
have larger home ranges than those living in dry or mixed forests and amongst the sub-species,
P. p. morio have the smallest ranges, P. p. wurmbii intermediate range sizes, and P. abelii, the
largest (Singleton et al., 2009). Given the difficulties, however, in assessing the extent of male
home ranges, it is likely that any figures given are greatly underestimated in comparison to
those of females. Consequently, Utami et al. (2009b) have suggested that male ranges are
generally three to five times greater in size than female ranges of the same population.
As few attempts have been made to investigate ranging in male orang-utans, there are several
important and fundamental questions regarding the structure and driving mechanisms of their
ranging that remain uncertain. These concern the determinants of size, range overlap, patterns
of use and how they are affected by both female receptivity and male dominance status. As we
saw in Chapter 4: Day Range, male orang-utan day-ranging behaviour reflects the differences
in the two adult morphs’ reproductive strategies, which could, therefore, have an influence on
the home ranges of these males. Singleton and van Schaik (2001) report the part that
dominance also plays, as the most dominant male at Suaq Balimbing had a much smaller range
than the non-dominant flanged and unflanged males (ca. 1,500 compared to > 2,500 ha). In
fact, the dominant male was the only flanged male that could be considered a frequent visitor,
and his home range size reflected the abundance of receptive females in the area.
Currently, no data are available to confirm whether this holds true for Bornean orang-utans;
previous research in Sabangau (Morrogh-Bernard, 2009) has shown flanged male home ranges
to be larger than 560 ha, with those of unflanged males being larger than 260 ha, but more
precise information could not be obtained as follows were limited to the 2 x 2 km (400 ha)
research grid.

133

Chapter 5: Home Range

5.1.3

LIMITATIONS

There are many difficulties involved with the collection and interpretation of male ranging
data, due to the large area over which both flanged and unflanged males are deemed to travel.
Unfortunately, as yet the only available method to assess ranging in orang-utans has been the
collection of behavioural data, obtained by following individual orang-utans through the forest
and mapping their movements. This is problematic, however, if, by definition, an animal only
has to visit an area once a year for it to be part of its home range. Due to the opportunistic
nature of finding orang-utans in a wide region of forest, some males that incorporate certain
areas within their home range, will not have been detected at these sites. Consequently, useful
information can only be gleaned from the presence of a male at site, and not by his absence.
Continual tracking of an individual orang-utan for a full year, potentially over large distances,
would be required to ensure definitively that no area is omitted from the range estimate. Such a
study would be logistically impossible without telemetry equipment; to date, no feasible
process for radio- or GPS-tracking of wild orang-utans has been developed, due to the
difficulties of attaching or implanting suitable hardware without causing injury or duress to the
individual involved, either in the process of anaesthetising the animal and fitting the
equipment, or once attached.
It must be remembered that, as it is logistically impossible to produce a complete estimate of
home-range size with the technology currently available, my estimates represent the most
complete assessment currently available; nevertheless, the home-range estimates produced
from field observations are necessarily incomplete and should be considered minimum range
estimates. As such, it is practically impossible give definitive answers to questions such as the
relative size of flanged versus unflanged home ranges. Instead, using the most complete dataset
available to date, I have endeavoured to resolve the uncertain aspects of male ranging which
can be deduced, despite the unavoidable limitations. The answers to these important questions
may contribute to a fuller understanding of male ranging, and how this fits in with the orangutan social system, until such time as technology allows accurate assessments on the remaining
matters to be made.
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5.1.4

HYPOTHESES

Thus, while investigating the home ranges of flanged and unflanged male orang-utans, the
following hypotheses are tested in this chapter:
1. I predict that, when field methods specifically aimed at determining home range size of
male orang-utans are applied (such as following a male as he departs the research area,
and searching areas further away from the research area), the estimated home ranges of
males increase significantly.
2. I expect that the range estimates produced from my analyses are larger than any
reported on Borneo to date.
3. Whilst my home-range estimates represent minimum range areas, and may still be
underestimates of true range size, I expect that there is no significant difference
between unflanged and flanged male home ranges from the data collected.
4. Although it has been established that Bornean male home ranges overlap considerably,
I expect that the most dominant males avoid each other’s ranges, and that ranging
patterns change over time with shifts in the dominance hierarchy.
5. I expect that the more dominant ranks of flanged male overlap more with female
ranges, especially when those females are receptive, than lower ranks of male.
6. Male ranging in most species is regarded as a response to finding receptive females, so
I expect that more males come into or pass through the research area at times when the
resident females are receptive.
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5.2 METHODS
5.2.1

DATA COLLECTION

5.2.1.1

FIELD METHODS

Ranging data have been collected on both male forms across the whole period of orang-utan
behaviour research in Sabangau (2003-2012). Between 2003 and 2010, data collection was
restricted to areas in which it was possible for the research team to return to the field station at
the end of the day, and was thus often confined to the 400 ha grid system of transects. From the
onset of my fieldwork period in October 2010, my specific aim was to follow and collect data
on males as they travelled outside the established research area and into areas of their ranges
previously unexplored. To aid this process, the research grid system was extended into the
forest to the east of the disused logging railway trail; until this time, follows of orang-utans that
travelled more than 200-300 metres into this area were abandoned. This extended grid system
covers an additional ca. 500 ha of forest, two kilometres east from the research camp and twoand-a-half kilometres south. Additionally, the furthermost transects of the original research
grid, which were cut in 2003, but had since become overgrown through lack of use, were reestablished on the most westerly and southerly boundaries (see Figure 5.1).
In addition to using the increased research grid area, it was also important to be able to follow
the males where they travelled, without the necessity of returning to the base camp at the end
of each day’s follow. By ensuring the means to sleep out in the forest for a number days
without returning to the base camp, it was possible to follow orang-utans, recording track logs
of GPS points every 5 minutes, almost irrespective of where and how far the focal animal
travelled (c.f. Singleton and van Schaik, 2001). By performing these “extended follows”, I was
able to reduce the degree of under-estimation of male home-range sizes associated with
previous research carried out within a limited study area (Singleton and van Schaik, 2001).
Having taken this approach in my first year of field research, gained a better understanding of
travel routes and identified a number of males across the area, in the second year I began to
conduct searches for these males outside the original research grid, selecting locations where
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Figure 5.1: Map of established Setia Alam (SA) research transect grid system and additional
area of trails created in October 2010.

follows were often abandoned. In this way, efforts could be concentrated on finding specific
individuals outside the research grid, in forest locations known to be frequented.
It was hoped that the combination of GPS points obtained for each male through follows
starting in the SA research grid and continuing as the orang-utan left the immediate area (shortmedium distance), points from encounters outside the research grid (medium distance) and
points from encounters at the six other sub-sites (long distance), would yield the most complete
information on male orang-utan home range size obtained to date. For instance, detection of an
individual male only surrounding the SA grid system may indicate a minimum home range
estimate of only a few square kilometres, whereas detection of the same male at one of the
further sub-sites would indicate a home range of at least 1,000-2,000 ha, and detection of the
same male at one of the further sub-sites in the opposite direction would indicate a home range
of at least 2,000-4,000 ha. In the light of studies by other authors, who suggested male home
ranges may cover an area of up to 2,500 ha (Singleton and van Schaik, 2001), it was considered
possible that individual males could be detected at more than one sub-site and that the
probability of detecting a male at multiple sub-sites would be related to search intensity at
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these sub-sites. Thus, to maximise the search effort at each sub-site, short yet frequent visits
were conducted, which were deemed more effective than infrequent, prolonged visits to each
sub-site: the frequent long-calling and noisy travel of many flanged males meant that any
individuals at a sub-site were detected relatively quickly, with diminishing returns over longer
periods.

5.2.1.2

DATA COMPILATION

Records of spatial data were collated from 1,112 follows of male orang-utans between August
2003 and October 2012. Not all individuals were present in the research area across all the
years of the study period. Individuals who were followed on fewer than 10 occasions were
omitted from the analyses, unless they were also encountered outside of the research grid.

5.2.2

HOME-RANGE ESTIMATION

5.2.2.1

HOME-RANGE MAPPING

As described in Chapter 4: Day Range, all hand drawn follow maps of individual follows were
digitised and entered into ArcGIS v10.2 (©ESRI). Unlike the data used for day ranges,
however, in which only full-day follows were included because of the need for unbiased
comparison with behavioural observations, home range analysis included spatial data from all
follow days, whether full or partial. Since 2009, accurate GPS points collected on follow days
were incorporated into all the mapped data. For the tracks collected prior to this date, GPS
units were less advanced and thus could only fix on a position sporadically across any given
day; when available these GPS points were mapped against the digitised follow tracks to
confirm accuracy.
All digitised maps and GPS points were converted into decimal degrees, from which GIS
shape-files were then created using the DNR GPS program v.6.0.0.11 (©DNR, 2011). All
shape-files were projected into the UTM WGS_1984 49S coordinate projection. Geospatial
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Modelling Environment suite v.0.7.1.0 (©Beyer, 2012) was then used to determine home-range
size for each individual flanged and unflanged male, using the methods detailed below.

5.2.2.2

HOME-RANGE ESTIMATION METHODS

There are several techniques available to study ranging data, some of which have been tested
and used with orang-utan data from various field sites. Female ranging behaviour has been
assessed on numerous occasions from most research sites, with the more recent studies using
more advanced modelling techniques, by which core areas and seasonal variations in range use
can be identified. These studies have been possible as generally the home ranges of females are
relatively small (most studies reporting less than 400 ha, see Table 5.1), and so the ranges of
several females may fit within a research site; thus, follows of certain females can be
conducted freely throughout their range without much observer bias, and the data can be
consequently analysed for evidence of differential use of areas within the home range. Studies
on such core areas in female orang-utan home ranges have usually been concentrated on areas
in which the females spend 50% of their time (see Knott et al., 2008).
It is likely that male orang-utans also use parts of their home range preferentially, and this may
vary with seasons and other factors, for example in response to food availability or female
fertility. Unlike females, however, males may be seen throughout the research area and also be
apparently absent from it for several months or even years; as such, analysis of range use based
on frequency of encounters within their home range would be severely biased by the areas in
which the long-term search effort is concentrated, i.e. the area around the research camp. Thus,
until continuous records can be made of male ranging throughout their home range over a
number of years, we must conclude that there ars insufficient data to draw meaningful unbiased
conclusions about range use; as such, these calculations have not been attempted here.
There are three methods that have been used most frequently to estimate home range size for
individual orang-utans: the minimum area convex polygon, the circle and the fixed-kernel
density estimate (Worton, 1989). The estimates of home range size produced by these three
methods can be quite different; in order to compare these methods and to make comparisons
with previous studies, I have, therefore, used all three techniques to analyse the spatial data for
home ranges.
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In the ‘minimum-area-convex-polygon method’, or MCP (Hayne, 1949; Kenward, 1987),
home range is estimated by linking the furthermost points recorded of the animal’s movements.
The obvious drawback of this method is that it provides only an outline of the range without
identifying the intricacies of the boundaries or any preferential uses of areas within the range
(Seaman and Powell, 1996). It is a straightforward method and has been used in most studies of
orang-utan ranging in the past; it is used to give an indication of the minimum size of animal’s
home range, as the animal is likely to range further than the boundary points collected in the
sample (Voigt and Tinline, 1980; Singleton and van Schaik, 2001).
When using the ‘observed-range-length-circle method’ (Hayne, 1949; Trevor-Deutsch and
Hackett, 1980), the size of home range is estimated from the two widest observation points,
identifying this as the diameter of a circular range, and the consequent area calculated from
this. Again, this method is likely to be an underestimate of range size if an inadequate number
of points are acquired; conversely, there is potential for overestimation of range area, as it is
unlikely that the range of an animal is completely circular. Thus, it has been proposed that the
inaccuracies of overestimate due to the shape are balanced by the fact that it would be unusual
for the full extremes of a range to be observed, and so this is considered a good estimate of
long-term home-range size (Singleton and van Schaik, 2001). Again, this method gives no
analysis of use of home range.
The third technique for analysing range size and behaviour is the kernel-home-range method,
or kernel density estimator (KDE). Currently in wildlife biology, kernel density estimation is
the most widely-used method to estimate animal home ranges and within primatology
specifically, KDE methods have been used in conjunction with the older MCP and circle
methods (Neri-Arboleda et al., 2002; Newton-Fisher, 2003; Fashing et al., 2007; Wartmann et
al., 2010; Campbell-Smith et al., 2011). Using this method, observed GPS data points are used
to produce an estimate of the density of observations at each location, thereby representing an
estimate of the amount of time spent there; thus, this method could be used for analysing
habitat use, in datasets with no bias in observation frequency throughout the animal’s home
range, although this does not apply to my dataset, as most observations were limited to a
research area smaller than the extent of the full home range. The method consists of generating
a kernel (probability density) at each observation point; a virtual grid is then applied to the area
and an estimate of density at the intersections of the gridlines is calculated based on the
proximity of observations. Because the KDE is non-parametric, it can provide accurate
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(Non- Scaled)

Figure 5.2: Map of GPS points of an individual male (Jupiter), illustrating three methods of
home range size estimation. Minimum Convex Polygon; Circle Method; and Kernel Density
Estimate (Least Squares Cross Validation with 100% probability contours).

estimates of densities, even if the range does not follow the normal distribution; the Least
Squares Cross Validation method (LSCV) was used to select the amount of smoothing
required, rather than assuming the density around each observation point to have a normal
distribution, as this has been shown to give the most unbiased results (Seaman et al., 1998). It
is possible in the model to generate contours for different probabilities, such as 50%, 75% and
95%, each representing the area in which the individual may be expected to spend the
corresponding proportion of their time; for the analyses in this study, however, only the 100%
probability contours were considered, as it is the outlying points which help us understand the
full extent of the home range of each individual.
Thus, these three methods were used to generate estimates of home range size for each male,
both as minimum areas and more accurate modelled estimates based on the available data. The
methods are illustrated in Figure 5.2.
In these methods, however, periods of time during which the individual is not encountered
cannot be accounted for. It is suggested from previous fieldwork in Sabangau (MorroghBernard, 2009), as well as reports from Rijksen and Meijaard (1999) and Singleton (2000), that
the same individuals often observed in certain areas of a research site will also be completely
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absent at other times. Whilst it is possible that the orang-utan was within the normal observed
range during this time and simply not encountered, it is also possible that the individual was in
another part of their range, beyond the area in which follows are normally conducted. Given
that most searches occur within 2 x 2 km of the original research grid, the homogeneous
mixed-swamp habitat extends at least 4 km further south and several kilometres to the east and
west, and relating to Morrogh-Bernard’s (2009) female home-range estimates and habitat
assessments, it is reasonable to assume that access to fruit and females is generally equal
throughout this habitat, and that a male uses his range with equal intensity. Thus, it is feasible
that if a male was observed within the research grid over a four-year period, but he was
observed in only six months of each of those years, we could extrapolate that he spent the other
half of his time travelling in other areas of his home range; thus, the estimated area from the
observations represents only half of his actual home range.
As an attempt to account for these absences, a simple model, including a scaling factor based
on the presence of each individual (the proportion of months that the individual was observed
within the research grid; Singleton and van Schaik, 2001), was applied to minimum convex
polygons generated from observations within the grid system only. The scaled MCP was
calculated according to the following equation:

The resulting value is an extrapolated estimate of home-range size; it does not, however,
represent a physical area and, therefore, cannot be mapped or used in range-overlap analyses.

5.2.3

HOME-RANGE ANALYSIS

5.2.3.1

OVERLAP OF MALE RANGES

To investigate spatial overlap of male ranges, the minimum convex polygon of each individual
was superimposed on top of those of other males, so that the total area and percentage of
overlap between male dyads could then be calculated (as illustrated in Figure 5.3); this was
carried out for all flanged and unflanged males using ArcGIS v10.2 software.
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Figure 5.3: Illustration of male home-range overlap calculations using minimum convex
polygons. Beethoven’s home range (highlighted in yellow) overlaps with the range outlines of the four
other flanged males shown to various degrees.

The MCP method is the most conservative home range calculation method available for orangutans (Börger et al., 2006a) and the most appropriate for use in assessing minimum range
overlap, as it is based only on points at which an individual orang-utan was observed. Whilst
the 100% KDE and scaled MCP methods may be more accurate in terms of home-range size,
both methods extrapolate from the observed data points to produce an estimate of home range
including areas in which the individual was not observed. Thus, more subtle features of the
home range, such as shared boundaries or changes over time, would be lost if these methods
were used to analyse overlap.
As stated earlier in this chapter (Section 5.2.1.1: Field Methods), between 2003 and September
2010 all searches were carried out within the 2 x 2 km study area in the vicinity of the
boardwalk and trail system and, thus, may be an underestimate of the overall size of a male’s
home range. Nonetheless, by using the limited MCP method, I was able to assess, as accurately
as possible, the degree to which male ranges overlap within a given area (i.e. the 2 x 2 km grid
system), as search effort was concentrated within a smaller area and, therefore, the likelihood
of missing individuals as they travelled through the area was reduced.
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In addition to overall spatial overlap, temporal segregation was considered. The dominance
patterns at Sabangau at different times from 2003 to 2012, as elucidated in Chapter 3:
Dominance, were then used to explore how flanged male orang-utan home range varied in
relation to social rank, whether certain males avoided each other’s ranges, and whether these
ranging patterns changed over time, as the social dynamic changed. For this purpose, the
overall dataset was divided into three time segments: (1) 2003 to 2006; (2) 2007 to 2008; and
(3) 2009 to 2012; MCPs of home range were constructed for each flanged male during each
period, in order to evaluate the effect of shifting dominance ranks on flanged male ranging.

5.2.3.2

OVERLAP WITH FEMALE RANGES

Two aspects of male orang-utan range overlap with females were considered, using female
home-range data from Sabangau provided by Helen Morrogh-Bernard.
Firstly, the home-range overlap between flanged males and receptive females was examined, in
order to ascertain whether males concentrated their ranging in areas in which females were
receptive. The overall study period from 2003 to 2012 was again divided into three sections as
for the flanged-male-overlap analyses: (1) 2003 to 2006; (2) 2007 to 2008; (3) 2009 to 2012.
For these analyses, females were considered receptive for each period if they were known to
have conceived within that period, according to the estimated dates of conception of each
infant (see Table 3.1 in Chapter 3: Dominance). This also enabled consideration of the male’s
dominance rank as a factor in his range overlap with receptive females. In all cases, MCP
estimates of home range were used. Due to the high level of female home-range overlap, the
total ranging area for all females receptive within a time period were amalgamated to form an
overall MCP, representing the area in which a male may have encountered a receptive female
during that period.
Secondly, the home range data were used to generate models of how many females may be
encountered within the home range of a male orang-utan, and whether this number is sufficient
theoretically to provide access to potentially-cycling females in most years. The home ranges
used for females were estimates based on the work of Morrogh-Bernard (2009); thus, female
home-range size was assumed to be between 232 and 376 ha, with the maximum number of
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females overlapping at any one point being four (Morrogh-Bernard, 2009). The models were
calculated in accordance with the following equation:

Several models were generated, relating to different methods of male home-range estimation,
in relation to the upper and lower limits of female home-range size (Morrogh-Bernard, 2009).
In order to consider the results of the models in terms of access to receptive females, the interbirth interval was taken to be 7.5 years (Wich et al., 2004); it was also assumed that females
would begin cycling in different years.
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5.3 RESULTS
5.3.1

HOME-RANGE ESTIMATES

Estimates of minimum home range size were calculated for 22 males: 12 flanged males, eight
unflanged males, and two individuals who developed flanges during the study period (Mozart,
in 2006; Vulcan, in 2010), for whom range data have thus been separated in relation to their
flanged and unflanged status (Table 5.2). The home ranges are illustrated in Figure 5.4
(flanged males) and Figure 5.5 (unflanged males). The largest estimate of recognised home
range for a flanged male was Thor, at 4051 ha (KDE); the largest for an unflanged male was
Zeus, at 4541 ha (scaled MCP).
As expected, the MCP method produced the smallest minimum estimates of home range for all
males, with those of flanged males ranging from 303 – 1038ha (x̄ = 556, SD = 254) and those
of unflanged males from 314 – 1213 ha (x̄ = 637, SD = 327). For the Circle method, KDE and
scaled MCP, there was a high degree of variation from case-to-case regarding which method
produces the larger estimate of range size; but overall, for both flanged and unflanged males,
the scaled MCP estimate was larger than the KDE, which in turn was larger than the circle
estimate.
No significant differences were found between the minimum home-range estimates for flanged
and unflanged males using the MCP (flanged males: x̄ = 556, SD = 254; unflanged males: x̄ =
639, SD =329; t(22) = -0.696, p = 0.494 (NS)), KDE (FM: x̄ = 1332, SD = 867; UFM: x̄ =
1307, SD = 521; t(22) = 0.080, p = 0.937 (NS)) or Circle methods (FM: x̄ = 1225, SD = 662;
UFM: x̄ = 1190, SD = 704; t(22) = 0.127, p = 0.900 (NS)); there was a significant trend,
however, for unflanged males to have larger home-range estimates than flanged males as
calculated by the scaled MCP (flanged males: x̄ = 1441, SD = 677; unflanged males: x̄ = 2219,
SD = 1112; t(22) = -2.132, p = 0.044). Periods when the individual was absent from the
research area were accounted for by this method, extrapolating from the area in which they
were observed to estimate their overall ranging size and, thus, is likely to be the most accurate
assessment for individuals who visited the research area sporadically as part of a larger ranging
pattern.
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Table 5.2: Home-range estimates for each individual flanged and unflanged male. * indicates
that some follows occurred outside the 400ha research grid area.

Thus, hypothesis 3 is supported by these data, with no significant difference between the
ranges of flanged and unflanged males, based on the traditional methods of home-range
estimation. Using the scaled MCP method, however, of home range size extrapolated for time
absent from the research area, unflanged males have significantly larger home ranges than
flanged males.
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Figure 5.4: Home ranges of 13 flanged male orang-utans using data from 2003-2012. Ranges
estimated by KDE (LSCV with 100% probability contours).

Figure 5.5: Home ranges of 10 unflanged male orang-utans using data from 2003-2012. Ranges
estimated by the KDE (LSCV with 100% probability contours).
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In order to establish whether the methods of extended follows and searching for males outside
of the normal research grid contributed significantly to our knowledge of male orang-utan
home ranges, comparisons were made of home range estimates between individuals followed
only within the research grid, and those encountered or followed outside of the grid. For these
analyses, the scaled MCP estimate of home range was excluded, as it is based only on the
points within the grid system. Considering both classes of male together, range size estimates
for individuals who were found and followed outside of the research grid (N = 9) were
significantly larger than for those whose ranging data were limited to within the grid (N = 15)
for all methods (MCP: t(10.604) = 3.605, p = 0.004; KDE: t(8.742) = 3.350, p < 0.001; Circle:
t(10.038) = 5.769, p < 0.001).
The number of follows had no effect on the home-range estimate, whether the male was
followed exclusively within the research grid (N = 15; MCP: r = 0.315, p = 0.254; KDE: r =
0.033, p = 0.907; Circle: r = 0.323, p = 0.240), or both inside and outside the grid system (N =
9; MCP: r = 0.491, p = 0.180; KDE: r = -0.100, p = 0.799; Circle: r = 0.528, p = 0.144).
Thus, hypothesis 1 (that the application of methods with specific aim of determining male
orang-utan range size, by concentrating efforts outside a limited research area, affects our
understanding of these ranges) is supported by these data, as estimates of male orang-utan
home-range size were strongly influenced by searches outside the normal research grid, and not
by number of follows conducted.
Considering only those males who were followed both inside and outside the research grid (6
flanged males and 3 unflanged males), and whose range estimates, therefore, may be
considered more accurate than those of males followed only within the grid system, we find
much larger mean range-size estimates than when considering all males together (Table 5.3).

Table 5.3: Mean home-range estimates for males followed both inside and outside the
research grid.
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Based on the KDE home-range estimates of males followed outside the normal research grid,
the mean home range for flanged male orang-utans in Sabangau was 1903 ha (range 1106 –
4051 ha), and the mean home range for unflanged males was 2008 ha (range 1772 – 2262 ha).

5.3.2

OVERLAP OF MALE RANGES

5.3.2.1

SPATIAL OVERLAP

In terms of spatial data only, male home ranges, as estimated by all methods, show a high
degree of overlap, with some areas being shared by all individual flanged (N = 14) and
unflanged males (N = 10) included in this study (see Figure 5.4 and Figure 5.5).
The percentage of home range overlap between males of the same class is shown in Table 5.4
(flanged males) and Table 5.5 (unflanged males). Mean home range overlap between flanged
male dyads was 264 ha, or 52% of an individual’s minimum home-range size; and mean
overlap between unflanged male dyads was 397 ha, or 64% of mean home-range size (as
calculated by the non-scaled MCP method).

Table 5.4: Percentage of home-range overlap between pairs of flanged males. Each value represents
the percentage of the home range of the individual in the column that overlaps with the home-range of
the individual in the row. For example, 58.3% of Claudius’ home range lies within Beethoven’s home
range, but only 46.5% of Beethoven’s home range lies within that of Claudius.
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Table 5.5: Percentage of home-range overlap between pairs of unflanged males.

As may be expected, the size of the home range had a strong influence on the mean proportion
of the range shared with other males, such that males with very small estimated ranges (such as
Hengky, Mozart, Oberon and Einstein) appear to have the greatest degree of overlap; this
probably arose as a result of under-estimation of the home range for males who were followed
exclusively within the research grid, and for whom no other ranging data exist. Conversely, the
males who were successfully followed outside the research grid (such as Jupiter, Thor and
Hades) had larger home ranges, a smaller proportion of which overlapped with those of the
males within the research grid, but it is very likely that the ranges of these males overlapped
with other, unknown males, outside of the research grid.
Nevertheless, there appear to be some differences between individuals in the proportion of their
range that overlaps with other males. Jupiter and Thor, who had similar MCP range estimates,
appear to have behaved very differently regarding the proportion of their range that overlapped
other known males: Jupiter shared on average 34% of his range with each of the other flanged
males, while Thor shared on average only 11% of his range. Thor was unique in sharing less
than 2% of his range with each of Claudius, Hengky, Mozart, Oberon, Pluto and Vulcan;
excluding dyads involving Thor, the lowest percentage overlap observed was 20%.
These results relate only to the 14 flanged males and 10 unflanged males on whom it was
possible to collect a sufficient amount of data (see Table 5.2) and are based solely in terms of
spatial coverage, without taking into consideration any temporal factors, such as permanent
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movements into or away from the area, development of unflanged males into flanged
individuals, or deaths in the orang-utan population. The males with the highest degree of range
overlap were those with the greatest coverage across the grid system; similarly, those
individuals found most often were those whose home range coincided with large parts of the
research site. It is probable that these findings are both products of the opportunistic sampling
of orang-utans within a limited research area.
During the whole nine-year study period, however, 30 different flanged males and 13
unflanged males were identified within the research area, although some were eliminated from
the home range analysis due to insufficient data. By incorporating the limited spatial data for
these additional identified males into the range overlap calculations and assuming the
distribution of males is homogeneous across the surrounding forest area, one can extrapolate
from the number of males either passing through or using the 400 ha core research area to
establish how many flanged and unflanged males might have overlapping ranges, within a
similar mixed-peat swamp environment, during a similar nine-year period.
Thus, a flanged male with an average 720 ha home range (the mean MCP range size for
flanged males followed outside the research grid, see Table 5.3) could expect a further 49
flanged males to pass through or overlap with part of his range during a nine-year period;
whilst an unflanged male with an average 1049 ha home range (see Table 5.3) could expect a
further 37 unflanged males to be using parts of the same forest area during a nine-year period.
These calculations do not include unidentified individuals who were encountered only once
within the research site.

5.3.2.2

TEMPORAL SEGREGATION

The data are compiled from a nine-year period and not all males were present within the
research area at the same time. Overall, 65 (30 known and 35 unidentified/unknown) flanged
males and 28 (13 known and 15 unidentified/unknown) unflanged males were encountered
within the study area during the nine-year period.
Individual ranging behaviour differed considerably across this period, as some males were seen
sporadically across a large number of years; others were seen as often as every few months for
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Table 5.6: Number of males encountered within the Setia Alam research grid between 2009
and 2012, categorised as resident, occasional visitors or transient. Uncertain refers to individuals
first encountered in 2011 or 2012, and whose ranging pattern is thus as yet unclear.

one or two years then abruptly disappeared; whilst a number of individuals were found and
followed once as they passed through the research site, never to be identified again within the
area. These data are presented in Table 5.6, where males were categorised as resident (seen
repeatedly during a number of consecutive years), occasional visitors (seen from time to time,
but with large gaps between sightings), or transient visitors (followed on only one or two
occasions, including unknown individuals). For four flanged males, it was not possible to
categorise them in this way, as they have only been identified since 2011 and so their pattern of
use of the research grid is not yet clear.
Despite there being fewer unflanged males overall, a larger number of unflanged males
assumed resident status during the nine-year period than did flanged males; the largest category
for both classes of male, however, was transient visitor, comprising about 70% of both flanged
and unflanged males.
The number of males observed within the 400 ha research grid each month during the study
period are shown in Table 5.7. On average, 2.55 flanged males and 2.23 unflanged males were
observed each month, and the number of males encountered within the research grid did not
exceed seven flanged males or eight unflanged males in any calendar month. The mean
monthly number of flanged males observed within the grid ranged between 2.00 and 2.89
individuals, whereas the mean number of unflanged males observed was more widely
distributed between 1.67 and 3.22 individuals. Whilst there is a slight trend for higher numbers
of flanged males to be found within the research area in the first half of the wet season
(October to February), in general there is no consistent seasonal pattern from year to year in the
numbers of flanged or unflanged males found. Unfortunately, the paucity of data on individual
transient males precluded any comparison of home-range size between resident and nonresident males.
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Table 5.7: Number of males observed at site by month. N/A: January 2012 omitted.
Flanged Males
Month

2003

Jan
Feb
March
April
May
June
July
August

Mean
(Month)

2004

2005

2006

2007

2008

2009

2010

2011

2012

Total

1
2
2
1
1
4
4
5

2
4
2
3
3
2
1
4

3
4
3
4
3
5
1
1

4
1
2
1
1
2
5
0

1
4
4
0
6
1
1
0

3
3
3
1
5
7
4
3

2
0
1
1
1
1
0
2

4
2
3
6
2
1
2
1

N/A
5
2
1
4
1
2
6

20
25
22
18
26
24
20
22

2.50
2.78
2.44
2.00
2.89
2.67
2.22
2.44

5
5

24
28

2.40
2.80

24
25

2.67
2.78

September
October

1
1

4
6

5
4

2
2

1
1

1
2

4
3

1
2

0
2

November
December

2
4

6
4

2
3

3
4

2
3

3
3

0
1

1
1

5
2

8
2.00

40
3.33

35
2.92

35
2.92

23
1.92

26
2.17

37
3.08

13
1.08

30
2.50

31
3.44

2004

2005

2006

2007

2008

2009

2010

2011

2012

Total

1
2
3
4
4
4
1
5

5
4
3
4
0
2
2
6

3
5
2
4
2
3
0
1

1
1
0
0
0
2
2
3

1
8
4
4
2
0
0
1

1
3
1
3
7
3
3
2

0
2
3
1
3
0
2
0

2
1
4
2
5
2
3
1

N/A
3
1
0
1
0
0
1

14
29
21
22
24
16
13
20

1.75
3.22
2.33
2.44
2.67
1.78
1.44
2.22

0
0

23
23

2.30
2.30

24
15

2.67
1.67

Total
Mean (Year)

278
2.55

Unflanged Males
Month

2003

Jan
Feb
March
April
May
June
July
August

Mean
(Month)

September
October

2
3

3
3

3
6

2
1

2
0

4
5

4
2

0
3

3
0

November
December

4
0

6
2

4
6

0
1

0
2

3
0

3
2

2
1

2
1

9
2.25

38
3.17

45
3.75

24
2.00

13
1.08

32
2.67

34
2.83

17
1.42

26
2.17

6
0.86

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

Total

2
4
5
5
5
8
5
10

7
8
5
7
3
4
3
10

6
9
5
8
5
8
1
2

5
2
2
1
1
4
7
3

2
12
8
4
8
1
1
1

4
6
4
4
12
10
7
5

2
2
4
2
4
1
2
2

6
3
7
8
7
3
5
2

N/A
8
3
1
5
1
2
7

34
54
43
40
50
40
33
42

4.25
6.00
4.78
4.44
5.56
4.44
3.67
4.67

5
5

47
51

4.70
5.10

48
40

5.33
4.44

Total
Mean (Year)

244
2.23

All Males
Month
Jan
Feb
March
April
May
June
July
August
September
October

3
4

7
9

8
10

4
3

3
1

5
7

8
5

1
5

3
2

November
December

6
4

12
6

6
9

3
5

2
5

6
3

3
3

3
2

7
3

17
4.25

78
6.50

80
6.67

59
4.92

36
3.00

58
4.83

71
5.92

30
2.50

56
4.67

Total
Mean (Year)
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5.3.2.3

EFFECTS OF DOMINANCE ON MALE HOME-RANGE OVERLAP

To investigate differences in home range size and overlap between males of different social
rank, the overall period from 2003 to 2012 was divided into three sections: (1) from 2003 to
2006, when Beethoven was initially dominant, then challenged and defeated by Franky and
Hengky, before regaining dominant status; (2) from 2007 to 2008, when Beethoven
disappeared and Oberon became dominant; and (3) from 2009 to 2012, when Peterpan was
showing the most dominant behaviour. The minimum convex polygons of the home ranges of
key flanged males during these periods are illustrated in Figures 5.6, 5.7 and 5.8.
In Figure 5.6, we can see that the home ranges of all the males between 2003 and 2006 showed
a high degree of overlap, with no evidence that males were avoiding each other’s ranges.
Beethoven had the largest range of all males shown, in contrast to the findings at Suaq where
the most dominant male had the smallest home range (Singleton and van Schaik, 2001).
In Figure 5.7, from 2007 and 2008, we can see the pattern of ranging shifted compared to
previous years. Oberon, who was showing the most dominant behaviour at this time, ranged

Figure 5.6: Home ranges of flanged males from 2003 to 2006 (non-scaled Minimum Convex
Polygons). The dominant and challenging males during this period were Beethoven, Franky and
Hengky.
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predominantly in the north area near the forest edge, whereas Beethoven, coming towards the
end of his dominant reign and about to disappear from the research area, was seen
predominantly in the south-most area of his former range. As a result, the overlap between the
ranges of Beethoven and Oberon was minimal.
Compared to his previous ranging area, Jupiter’s range also retracted southwards; from the
ranging maps, it appears that Jupiter and Oberon shared a boundary to their ranges, with
Oberon on the north side and Jupiter on the south, such that during this period their ranging
overlapped in a strip of forest about 1km long, but only about 150m wide. Wallace and Mozart,
both of whom were previously seen ranging over a large part of the research grid, were only
observed in the north-east part of the grid at this time; their ranges fell almost exclusively
within the range of Oberon, with minimal (Wallace) or no (Mozart) overlap with Beethoven
and Jupiter, giving the impression of spatial division of two groups of males at this time.
Nevertheless, the ranges of Franky and Salvador were comparatively large and had overlap
with males of both groups during this period. Mozart and Salvador, both recently-flanged
males at this time, had no range overlap; their ranges appear to have parallel borders, again
suggesting a degree of avoidance.

Figure 5.7: Home ranges of flanged males from 2007 to 2008 (non-scaled Minimum Convex
Polygons). This period marked the end of Beethoven’s tenure; Oberon became the dominant male.
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In Figure 5.8, we see the ranges of males between 2009 and 2012. Beethoven and Oberon
were not seen during this period, but Peterpan appeared to be the most dominant male, with
Salvador, Thor and Claudius challenging for dominance at various times. Peterpan’s observed
range was smaller than those of the challenging males, which is consistent with the findings
from Sumatra that the dominant male had a smaller or restricted range (Singleton and van
Schaik, 2001). Although the ranges of the challenging males overlapped with Peterpan’s, they
extended away from it in different directions, which may suggest they were avoiding
unnecessary confrontation with their rivals. Thor in particular had very limited overlap with
certain other males, and the north-east border of his range during this period appears to follow
the contours of the ranges of Franky, Vulcan and Claudius, with very little overlap. Jupiter’s
range, however, was quite large, extending towards the forest edge once again, overlapping
comfortably with those of Peterpan and the challenging males. Mozart’s range was again
somewhat restricted and had no overlap at all with that of Thor, but, unlike in 2007-2008, his
range had some overlap with that of Salvador.
Thus, my results support hypothesis 4, as it appears that social dynamics had an influence on
the ranging patterns of the flanged males in Sabangau, such that certain males avoided each
other’s ranges, and these ranging patterns changed over time as the social dynamic changed.

Figure 5.8: Home ranges of flanged males from 2009 to 2012 (non-scaled Minimum Convex
Polygons). The dominant male was Peterpan; Salvador, Thor and Claudius were challenging.
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5.3.3

OVERLAP WITH FEMALE RANGES

5.3.3.1

OVERLAP WITH RECEPTIVE FEMALES

To investigate differences in home range overlap between flanged males and the receptive
females, the overall period from 2003 to 2012 was again divided into three sections: (1) 2003
to 2006; (2) 2007 to 2008; and (3) 2009 to 2012, and an MCP was created to include the area
of all receptive females during each of these three periods. The minimum convex polygons of
the home ranges of the 14 key flanged males, in relation to the area of known receptive females
during these periods, are illustrated in Figures 5.9, 5.10 and 5.11. The amount of overlap
between each flanged male and the area of receptive females was calculated, and the males
were ranked according to the percentage of this receptive-female area in which they were
observed. These results are shown in Table 5.8.
In Figure 5.9, between 2003 and 2006, we can see that many of the resident flanged males had
a high degree of overlap with the receptive females. The variation between males in their
percentage overlap with the female-receptivity area was lowest for this time period (x̄ = 362 ha
(50%), SD = 10.2). At this time three females were thought to be receptive, and their combined

Figure 5.9: Home ranges of flanged males in relation to receptive females from 2003 to 2006 (nonscaled Minimum Convex Polygons). Receptive females represents the amalgamated ranging area of
all females known to have conceived within this period.
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Figure 5.10: Home ranges of flanged males in relation to receptive females from 2007 to 2008
(non-scaled Minimum Convex Polygons). Receptive females represents the amalgamated ranging
area of all females known to have conceived within this period.

Figure 5.11: Home ranges of flanged males in relation to receptive females from 2009 to 2012
(non-scaled Minimum Convex Polygons). Receptive Females represents the amalgamated ranging
area of all females known to have conceived within this period.
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Table 5.8: Percentage of receptive female range overlapped by each key flanged male in time
periods 2003-06, 2007-08 and 2009-12, respectively. Minimum Convex Polygons were used for all
analyses. For each time period, the flanged males were ranked according to percentage of overlap
with the receptive females; these values are provided in brackets.
Receptive Female Range Overlap
Years
Individual
Drake
Hengky
Beethoven
Wallace
Franky
Jupiter
Mozart
Oberon
Salvador
Claudius
Peterpan
Pluto
Thor
Vulcan
Total Area of Female
Receptivity (Ha)

2003-06

2007-08

2009-12

% Rank
58
(2)
46
(4)
66
(1)
58
(3)
42
(6)
44
(5)
38
(7)
-

% Rank
11
(6)
15
(5)
52
(1)
33
(3)
6
(7)
21
(4)
44
(2)
-

% Rank
29
(8)
52
(2)
17
(9)
61
(1)
41
(5)
44
(3)
43
(4)
35
(6)
31
(7)

720

520

1051

ranges corresponded largely to the size of the research site, so males with the most known
coverage of the research area also covered the largest proportion of the female-receptivity area.
The males observed in this period also had higher presence in the research site than at other
times (see Section 3.3.2.4 in Chapter 3: Dominance). Beethoven, who was the most-dominant
male during this period, had the highest degree of overlap with the receptive females. Hengky,
Jupiter and Franky were also high-ranking males in this period, but showed lower coverage of
the receptive female area. Drake and Wallace, however, both had a high degree of overlap with
receptive females, despite being low-ranking males. From the data, Mozart had the least
overlap with the receptive females at this time, but as he only developed flanges in 2006, his
ranging data as a flanged male during this time period were limited.
In Figure 5.10, from 2007 and 2008, mean male range overlap with receptive females was
lower, but with greater variation between males (x̄ = 135 ha (26%), SD = 17.4). There was only
one receptive female in this period and, as discussed in Chapter 3: Dominance, several of the
males that had regular presence within the grid in 2003-2006 were now seen infrequently or
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had disappeared from the area completely. Beethoven, in particular, showed little range overlap
with receptive females in this period and his presence in the area was low.
Despite showing the highest dominance in this period, Oberon’s recognised range only
overlapped the receptive female’s range by 21%; his range during this period, however, based
on observations, was the smallest of all the known ranges, so it is possible that he was ranging
outside the research area and, thus, encountering other, unknown, receptive females. He was
present within the research area in only 41% of the months from June 2007 (when he was
observed for the first time) until the end of this period; nevertheless, this was greater than the
presence of all other males during this period. Jupiter showed dominant behaviour in early
2007, whilst his range covered 33% of this female’s range; this was also the period during
which he was most present in the research area. Thus, it is feasible that, like Oberon, Jupiter
was ranging in other areas with receptive females during the times at which he had low
presence in the research area.
Despite being deemed to be non-dominant during this period, Franky’s known range
overlapped the most of the range of the receptive female. Salvador, who became flanged during
this period, covered the second largest proportion; this contrasts strongly with Mozart, who
flanged in 2006, who continued to have the least range overlap with the receptive female area.
A large part of the receptive female’s home range was in the farthest corner of the research site,
and so it is possible that some males visiting this section were not encountered.
Between 2009 and 2012, female receptivity was highest, with seven females giving birth in this
period; accordingly, the area of female receptivity was the largest of the three periods (1051 ha;
Figure 5.11). There was also an increase in the number of flanged males observed in the area
(see Table 5.7), but the known flanged males were observed on more sporadic occasions.
Mean male range overlap of the female receptive area was larger, but covered a smaller
proportion of the female receptivity area (x̄ = 412 ha (39%), SD = 12.9). The most dominant
male in this period was Peterpan, who covered a larger-than-average area of receptive females
(44%), but was completely absent from the research area in 2011. Salvador was challenging for
dominance fairly constantly during this time, and overlapped the most with the receptive
females (61%); he was also the male that was most present (43%) at the time of highest female
receptivity (September 2011- April 2012). The other challengers, Thor and Claudius, covered
less of the receptivity area. Franky, who was at this point a past-prime flanged male,
overlapped with only 29% of the receptivity area. Vulcan was a newly-flanged male, and Pluto
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a new transient male, for whom few follows (13) had been conducted. Yet again, Mozart
showed the least overlap with the receptive females, by this point fully-flanged, but having
never seemingly challenged for dominance.
From these results, there is no clear relationship between male dominance rank and homerange overlap with receptive females within the research area; thus, there is no evidence to
support hypothesis 5, that the more dominant ranks of flanged male overlap more with female
ranges, especially when those females are receptive, than lower ranks of male. Although some
dominant and challenging males had a large degree of overlap with the receptive females, this
was not consistent, and lower-ranking males also had large percentage overlaps with receptive
females at times. As these analyses were based on small sample sizes for some males, as an
effect of dividing the overall study period into three sections, it is possible that further research
on this topic, with a greater number of observations for each male, may yield more conclusive
results.

5.3.3.2

MALE PRESENCE WHEN FEMALES WERE RECEPTIVE

Considering the number of males present in the research area each month, there was a
significant increase in the monthly number of males present within the research area when
monthly fruit availability was higher (ANOVA: All Males: F (2) = 4.514, p = 0.013; FM: F (2)
= 1.991, p = 0.142 (NS); UFM: F (2) = 3.645, p = 0.029). Conversely, there was no significant
difference between periods of low, medium or high female receptivity (ANOVA: All Males: F
(2) = 0.404, p = 0.669 (NS); FM: F (2) = 0.208, p = 0.812 (NS); UFM: F(2) = 0.360, p = 0.699
(NS)). These results are illustrated in Figure 5.12A and B.
Thus, it would appear that fruit availability had a greater influence than female receptivity on
the number of flanged and unflanged males passing through the research area. From my results,
therefore, there is no evidence to support hypothesis 6, that more males come into or pass
through the research area at times when the resident females are receptive.
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A

B

Figure 5.12: Number of flanged and unflanged males present in the research area each month
based on (A) monthly fruit availability and (B) monthly female receptivity. Fruit availability
divided into three classes of equal size as low, medium and high; female-receptivity index
categorised as low (≤ 2), medium (3 to 5) and high (≥ 6); see Chapter 3: Dominance for calculation
of female-receptivity indices.

5.3.3.3

ACCESS TO FEMALES

Using estimates of female range size of between 232 and 376 ha, and the number of females
overlapping at any one point being four (Morrogh-Bernard, 2009), six models were generated
for male overlap of female ranges based on the mean MCP, mean KDE and highest KDE
values for flanged and unflanged males, using the equation detailed in Section 5.2.3.2: Overlap
with Female Ranges. The results are shown in Table 5.9.

Table 5.9: Models of male overlap of female ranges indicating number of females overlapped
by each male in each model. Max KDE refers to highest KDE value for flanged males (Thor) and
unflanged males (Hades).
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From these calculations, the most conservative estimate generated by Model A2 (using the
mean MCP of males with the high female range of 376 ha) would indicate that flanged males
overlap with the home ranges of 7 or 8 females, and unflanged males overlap with 11 females.
The most dramatic estimate is produced in Model C1 (using the highest calculated KDE of
males with the small female range of 232 ha), which indicates that the ranges of flanged males
could overlap with up to 69 females, and unflanged up to 39.
Based on an inter-birth interval of 7.5 years (Wich et al., 2004), and assuming that there is no
synchrony in the breeding cycles of the resident females, males would have access to cycling
females on an annual basis.
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5.4 DISCUSSION
5.4.1

HOME-RANGE ESTIMATES FOR MALE ORANG-UTANS

By following male orang-utans outside the normal research area, and using Kernel Density
Estimates of home range size, we have ascertained that some flanged males have home ranges
of at least 4050 ha (mean 1903 ha), and unflanged males of at least 2250 ha (mean 2008 ha).
These estimates of home range size are larger than any published data for male Bornean orangutans, thus supporting my second hypothesis, and yet, due to the possibility of these individuals
ranging further than the recorded observations, my estimates should still be considered
minimum range sizes.
This analysis takes into account ranging data over a ten-year period, and the fact that the
resultant range estimates are larger than those previously suggested for Bornean orang-utans
supports the conclusions of other authors that longer studies yield larger estimates of total
home range size than short studies (Singleton and van Schaik, 2001; Wartmann et al., 2010).
From my results, however, it does not appear that number of follows itself is the main reason
for this improved range estimate: individuals for whom fewer than ten follows had been
conducted were excluded from the analyses, yet within the study group the number of follows
did not significantly influence estimates of range size. I found, however, that the application of
field methods specifically aimed at determining male orang-utan range size, in particular
searches conducted outside of the normal research grid, significantly increased estimates of
home range size for male orang-utans.
It is thus likely that previous estimates of male orang-utan home-range size, most of which
have been produced from projects tailored towards collection of observational behavioural
data, are underestimates. This confirms the conclusions of other researchers, who observed that
the estimates of male orang-utan home range available to date have been constrained to the
areas readily accessible to researchers (Utami Atmoko et al., 2009a).
Thus, it is not surprising, considering the difference in field methods, that the data from this
study have produced larger home range estimates than previous studies on Borneo. A second
limitation in comparing home range estimates between sites and studies is the variation in the
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methods used to calculate home range size. The Kernel Density Estimate method, whilst now
recognised as being an accurate model for home-range size (Wartmann et al., 2010), has been
applied rarely to orang-utans and thus far there are no published KDE estimates for male
orang-utans. In many previous studies the minimum convex polygon method has been used, or
an even more conservative minimum outline of points to generate estimates of home range (see
Table 5.1); minimum home-range estimates of around 700 ha for flanged males, and 720 ha
for unflanged males in Borneo have been produced in these studies. From my results for the
MCP method it would appear these previous figures may be underestimates, as the MCP
results for flanged males suggest areas of up to 1038 ha, and for unflanged males of up to 1218
ha.
Information on relative home range size for flanged and unflanged males is sparse (Utami
Atmoko et al., 2009a); with some published data showing that flanged males have larger home
ranges than unflanged males, whilst others indicate that unflanged males range further (see
Table 5.1). From my analyses, there was no significant difference in home range size between
flanged and unflanged males as calculated by the MCP, KDE or circle methods of home-range
estimation, based on observed points. Application of a scaled MCP, however, which takes into
account the proportion of time the male is seen within the research grid and extrapolates for the
months in which he is presumably ranging elsewhere, suggests that unflanged males have a
significantly larger range than flanged males, possibly up to twice the size (FM: range 770 –
2510 ha, mean 1680 ha; UFM: range 1530 – 4540 ha, mean 3010 ha). This home-range
estimate method is likely to be the most accurate assessment for individuals who visit the
research area sporadically as part of a larger ranging pattern. Thus, my findings are consistent
with the conclusions of previous authors, that unflanged males may not be based in a small
core area, but instead adopt a much larger range, temporarily settling in sectors where the
conditions are favourable (in terms of fruit availability and female receptivity), and moving on
when conditions change (Rijksen, 1978). Nevertheless, it must be remembered that these
estimates represent minimum range sizes and, thus, the conclusions that can be drawn from
these comparisons are limited.
In Sumatra, flanged-male home-range sizes were estimated by Singleton and van Schaik
(2001) as up to 1480 ha using the MCP and 3913 ha using the circle method, whilst the ranges
of unflanged males were estimated to be up to 612 ha using the MCP and 2692 ha using the
circle method. The home-range estimates for flanged males in this study are somewhat smaller

166

Chapter 5: Home Range
than those found for Sumatran males, using comparable methods, whilst my range estimates
for unflanged males are similar using the circle method, and larger using the MCP. The field
methods of Singleton and van Schaik (2001) matched the methods of this study more closely
than any other orang-utan ranging research, as their analysis includes data from within the 460
ha study site over a three-year period, as well as 18 months performing extended follows
beyond the limits of the research area (c.f. this study: data from the 400 ha study site over a
nine-year period, with two years of performing extended follows). It is unclear whether the
difference in range size estimates between this study and that of Singleton and van Schaik
(2001) represent true differences between the populations, or whether they could both be
underestimates of the true home range size. Certainly, with a lower abundance of fruit and a
lower overall density of orang-utans in Sabangau compared to Suaq Balimbing (Sabangau:
2.35 ind/km2; Suaq 7.20 ind/km2 based on standardised densities from Husson et al., 2009), the
distribution of food and females would theoretically encourage a larger home range in
Sabangau.
Within flanged males, dominance status has previously been found to have an influence on
home range size. In Sumatra, a much smaller range was found for the single dominant male
(MCP: 740 ha; Circle: 1990 ha) compared to the other flanged males, and it was suggested that
flanged males who fail to attain dominant status are forced to range further in order to avoid
confrontation with the resident dominant males (Singleton and van Schaik, 2001). Similar
patterns have been noted previously for Bornean orang-utans: resident dominant males
maintained home ranges of similar size to females’ in Tanjung Puting (Galdikas, 1988); studies
in the Kinabatangan revealed that older adult males assume more restricted ranges than their
younger counterparts (Horr, 1975). From my analyses, it is clear that there is quite a difference
between the calculated home ranges of different individuals, even when considering
individuals with a similar number of follows on record and who were followed outside the
research grid: Thor, (17 follows) has the largest home range estimate of 4051 ha (KDE), whilst
Vulcan (14 follows) has a KDE of only 1122 ha.
We found no consistent evidence of the dominant flanged male restricting his ranging to a
smaller area to focus on monopolising females within it: although Peterpan’s range within the
grid was smaller than that of other males during his period of dominance, his presence during
that time was low and it is likely he was ranging elsewhere; Beethoven had the largest range of
all flanged males during his period of dominance. This finding is consistent with the proposed
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mating system of ‘roving-male promiscuity’ (van Schaik and van Hooff, 1996), in which no
male can effectively defend access to receptive females; this contrasts with reports from
Sumatran populations, where a “spatially-dispersed but socially-distinct community” of
clusters of related females organised around a single adult male is thought to operate (Singleton
and van Schaik, 2001; Utami Atmoko et al., 2009).
The only example of male range restriction from a Bornean site is given by Galdikas (1985a),
as she reports that two “resident” flanged males at Tanjung Puting restricted their ranges to
those of two separate females, whilst they were attempting to consort and mate. These
consorts, however, recurred for just over a year and, once over, one of these males left the
35km2 research area and did not return for another two years. In Sabangau, when Beethoven
was considered to be the dominant male in the research area with the highest monthly presence
(between 2003 and 2005), he had the largest observed home range of all the flanged males
found in this period. It should be noted, however, that, although Beethoven’s range size was
perceived to be larger than other males at this time, it was probably a result of being found and
followed on more occasions, due to his increased presence in the area; thus, it is likely that
Beethoven was in fact restricting his range to some extent, to increase his presence in the
research area.
Nevertheless, despite the general lack of evidence of range restriction from Borneo, it is
possible that some males do reduce their ranges significantly, but these ranges may still be
larger than most research sites or may be sustained for shorter periods, and as such, they cannot
be easily evaluated.

5.4.2

OVERLAP OF MALE HOME RANGES

The home ranges of both flanged and unflanged males show a high degree of overlap at
Sabangau. Some areas within the research area were shared by all flanged (N = 14) and
unflanged (N = 10) males included in the home range analysis. Extrapolation from the total
number of identifiable individuals resident, visiting or passing through the core research area,
suggests that an average home range of a flanged male (MCP: 720 ha) could be used by up to
49 flanged males during a nine-year period, and an average home range of an unflanged male
(MCP: 1049 ha) could be used by up to 37 unflanged males during the same period.
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We found that the mean percentage home-range overlap between pairs of males to be 52% for
flanged males, and 64% for unflanged males. There appears to be marked individual variation
in the amount of overlap that is tolerated by different flanged males: Thor, for example, despite
having the largest estimated home range, had consistently less overlap with other flanged
males, averaging only 11%, and no observed overlap at all with the home range of Oberon.
Knott (2008) investigated degree of range overlap between female orang-utans and found a
mean overlap of 65% for non-related individuals, increasing to 76% for sisters and 80% for
mother-daughter pairs. My figure for mean overlap in unflanged male orang-utan home ranges
(64%) would thus correspond with the amount of overlap tolerated by non-related females,
whilst flanged males appear to tolerate even less overlap with each other. These results are thus
consistent with the theory of female philopatry and male dispersal, such that most males in an
area are unrelated.
In previous investigations of home ranges of Sumatran males (at Suaq Balimbing), a large
degree of overlap between males has also been found, with more than a dozen flanged males
entering the research area over the study period, and over 30 unflanged males (Singleton and
van Schaik, 2001). It has also been observed at several sites that unflanged males are tolerated
within the ranges of flanged males, sometimes staying near flanged males at a distance of 4050 metres (Utami Atmoko et al., 2009a). In other studies from Borneo, however, certain
flanged males were never observed in the same locations, and thus may have been avoiding
each other’s ranges (Rodman, 1973), or had distinct boundaries between their ranges from
which they would long call, but which other males could traverse (MacKinnon, 1974); these
observations are consistent with my findings of variation in how tolerant individual males are
of range overlap with other males.
Given the high overall level of male orang-utan home-range overlap, and the intolerance
expressed by flanged males when they encounter one another, temporal segregation is likely to
be a vital strategy to avoid direct competition and confrontation. In common with findings at
other research sites, no male was found within the research area every month throughout the
research period (see MacKinnon, 1974; Rijksen, 1978; Rodman, 1977; Galdikas, 1988), and
the mean numbers of flanged and unflanged males encountered within the study area each
month were 2.55 and 2.23, respectively. Comparing these figures to those from other research
sites (Table 5.10), we see that the Tuanan research site in Borneo also hosts, on average, a
slightly-higher number of flanged males than unflanged males each month, although this was
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Table 5.10: Mean numbers of flanged and unflanged male orangutans found each month
within four different research sites. Adapted from Utami Atmoko et al. (2009b).

not consistent across all months in the study at either site. By contrast, both Sumatran sites
(Ketambe and Suaq) report a higher average number of unflanged males within the research
area each month compared to flanged males (although at Ketambe the difference is subtle).
In a recent study by Dunkel et al. (2013), the authors suggest that different ratios of flanged to
unflanged males between Sumatra and Borneo could be attributed to the higher instances of
developmental arrest seen in Sumatran populations. Whether this reflects innate physiological
differences between the two species, or whether it is purely a product of the different social
dynamics of Bornean and Sumatran populations, is as yet unclear. These differences will be
discussed further in Chapter 7: Conclusions.
The topic of home range stability is frequently discussed in the literature. Several different
classifications have been suggested, to distinguish the different types of resident and nonresident individual in an area; as noted by Singleton and van Schaik (2001), but subtle
differences in classification based on data limited to a small research area is more likely to be
an artefact of study-site delineation than true differences in ranging strategy. For the purposes
of comparison with other studies, I categorised males as: resident, if they were seen repeatedly
during a number of consecutive years; occasional visitors, if they were seen from time to time,
but with large gaps between sightings; or transient visitors, if they were followed on only one
or two occasions, and were never seen again (see Table 5.6).
Despite there being fewer unflanged males overall, a larger number of unflanged males
assumed resident status during the 9-year period than did flanged males, supporting the theory
that these unflanged individuals are tolerated by the resident flanged males. The category of
occasional visitors, comprising 12% of flanged males and 6% of unflanged males, may include
individuals whose core home range is located adjacent to the study area, and for whom
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infrequent visits to the study area form part of their ranging pattern; or individuals with
particularly large home ranges who visit certain areas of it less frequently (see Rijksen 1978).
The largest category, however, was transient visitors, comprising 71% of flanged males and
68% of unflanged males encountered within the research area. These figures contrast with the
Singleton and van Schaik (2001) study on Sumatran males, in which the largest category was
occasional visitors (74% of flanged males, 41% of unflanged males), with far fewer individuals
in the “rare” category (equivalent of my “transient” category: 7% of flanged males, 34% of
unflanged males). The influence of a powerful dominant flanged male in the Sumatran
population may deter other flanged males from passing through his core range; whilst the lack
of such a long-standing resident dominant male from the Sabangau population (see Chapter 3:
Dominance) may go some way to explaining the higher number of transient visitors. The
transient category probably includes males dispersing from their natal area, but the large
number of males passing through the research area at Sabangau may suggest a tendency of
male orang-utans in this population to adopt non-resident ranging patterns at some stage in
their lives. True transience, however, is difficult to assign based on a limited dataset, and our
encounters with some of these individuals may represent occasional excursions from a large,
stable home range located further away from the research area. This concept is discussed
further in Chapter 7: Conclusions.

5.4.3

HOME RANGES AND DOMINANCE

It is difficult to make strong inferences about the perceived flanged-male home ranges from
this study, as it is likely that most, if not all, of the males’ ranges extended much further than
the research area. Although the constraints of remaining within the research area were lifted in
the most recent period, in order to achieve a clearer understanding of exactly how far these
males’ ranges extend outside the research area, it is still likely that the observed ranges
underestimate the true home range size. From what we observed, however, the ranging patterns
of individual flanged males in Sabangau appear to be influenced to some degree by the
changing social dynamics in the area, such that certain males may avoid each other’s ranges at
different times.

171

Chapter 5: Home Range
In the first few years of data collection, between 2003 and 2005, there seemed to be an
extremely high degree of range overlap between flanged males. Beethoven, who was
considered the dominant male at that time, occupied the largest home range of all the males
(see Chapter 3: Dominance). It may not be a coincidence that a large proportion of the females
within the research area were receptive at times during this period, or that a high rate of male
aggressive encounters were observed.
In the years following this initial phase, we saw slight shifts, contractions and expansions of
individual’s ranges, with, at one stage, a possible spatial division such that two distinct groups
of males had an apparent frontier between them. Interestingly, in this period, the fewest
number of flanged males entered the grid, the least dominant behaviour was observed (both
aggressive encounters and long calls) and the two males that were exhibiting the most
dominant behaviours at that time were on opposite sides of this divide. It was also the period
with the fewest receptive females.
Although little has been reported on flanged-male range boundaries, as males are known to
have large overlapping ranges, field observations in two early studies showed some evidence of
this phenomenon. At Ulu Segama, Borneo, MacKinnon (1974) found that a hill ridge divided
the home ranges of two flanged males, one to the east the other to the west. Despite the fact
that another male would pass freely over the ridge and long call from both sides, the ridge
seemed to act as a boundary between these two males; both males would climb the ridge to
long call from the top, but neither were ever observed to cross over to the other side. Rodman
(1973) came to a similar conclusion from two males with distinct ranges, but his sample size of
two and the additional suggestion that adult males were able to defend and exclude other males
from their range, has been refuted in all subsequent studies due to observed male range overlap
(van Schaik and van Hooff, 1996). Until more accurate telemetry methods can be used, these
intricate dynamics of male home ranges in relation to those of other males are difficult to
assess and conclusions must be tentative.

5.4.4

OVERLAP WITH FEMALE RANGES

In all previous studies of orang-utan home ranges, male ranges are reported as larger than
female ranges, whether or not estimates of male home range could be made (see Table 5.1).
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From those studies in which estimates have been published, male home range is thought to be
three to five times larger than those of females (Utami Atmoko et al., 2009a).
By modelling home-range overlap based on estimates of female home range size and overlap
(Morrogh-Bernard, 2009) and the estimates of flanged and unflanged male home-range size
generated in this chapter, we have established that flanged males could encounter between 7
and 69 females within their home range, and unflanged males could encounter between 11 and
39 females. Thus, both classes of male orang-utan would theoretically have access to cycling
females in most years, provided the reproductive cycles of the females were not synchronised
across the whole area of their range.
Horr (1975) suggested that the reproductive success of adult males could benefit from a
ranging strategy designed not only to maximise access to females during their receptive phase,
but also to avoid competing with their own offspring for food. Thus, a male might increase his
presence in an area when a female is reproductively receptive, and then range elsewhere whilst
she carries and raises the offspring. Galdikas (1988) observed that a flanged male, who was
resident in the Tanjung Puting research area during the first year of her study, was then absent
for the following two years, before returning to the area. Singleton and van Schaik (2002)
noted a similar pattern in Suaq, where the dominant male was present in the research area
during periods when females were sexually receptive and absent when they were not; in these
periods of low sexual activity, other flanged males were seen more regularly within their
research area.
From my results, there was no clear pattern of flanged male range overlap with the home
ranges of resident females at the times when they were receptive. It is possible that further
research on this topic, with a greater number of observations for each male, may yield more
conclusive results. Regarding overall number of males in the research area each month,
however, there was a significant correlation with fruit availability, but no correlation with
female receptivity. These results are consistent with te Boekhorst et al.’s (1990) findings from
Ketambe, where the number of temporary visitors to the research area was more correlated
with food availability than the number of reproductive females.
The effect of the socio-sexual strategies of both flanged and unflanged males on their ranging
behaviour is discussed further in Chapter 7: Conclusions.
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5.5 SUMMARY
1. Based on the Kernel Density Estimates of home range for males followed outside the
normal research grid, the mean home range for flanged male orang-utans in Sabangau
was 1900 ha (range 1100–4050 ha), and the mean home range for unflanged males was
2000 ha (range 1770–2260 ha). These estimates were modelled from observed sightings
of the individuals, and so may still represent minimum possible ranging areas.
2. There was a high level of home-range overlap, with some areas being shared by all
individual flanged (N = 14) and unflanged males (N = 10) included in the home range
analysis.
3. The application of methods specifically designed for determining male orang-utan
range size, in particular searches outside of the normal research grid, significantly
increased the estimates of home range size for male orang-utans.
4. Individuals for whom fewer than ten follows had been conducted were excluded from
the analyses, but within the study group, the number of follows did not significantly
influence estimates of range size.
5. Social dynamics had an influence on the ranging patterns of the flanged males in
Sabangau, such that certain males avoided each other’s ranges, and these ranging
patterns changed over time as the social dynamic changed
6. Based on their range size and overlap with females, males would have access to at least
one cycling female on an annual basis, assuming an inter-birth interval of 7.5 years
(Wich et al., 2004) and assuming that there is no synchrony in the breeding cycles of
the resident females.
7. Fruit availability had a correlation with the number of males in the research area each
month, but there was no significant correlation with female receptivity.
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6 RELATEDNESS AND DISPERSAL
6.1 INTRODUCTION
The dynamics of the orang-utan’s social and mating systems are still little understood, due to
the highly-dispersed and semi-solitary social structure of this species in the wild. Recent
advances in molecular techniques have enabled investigation of these social behaviours in a
way that has not been possible in the past, when interpretations were essentially based on
behavioural observations. By analysing genetic samples from orang-utans encountered over
an extended study area, the dispersal patterns and genetic structure within this population of
orang-utans can be elucidated, thus addressing the questions which are essential for
interpreting observed ranging behaviours (Singleton and van Schaik, 2001; Chapter 5).
Assessment of relatedness and kin structure can provide insight into how the relatively
‘extreme’ social and mating systems of orang-utans are maintained and, hence, how they may
have evolved. Furthermore, investigating the social system of the orang-utan, as the most
distant taxon of extant great apes, can allow us to comprehend more fully the flexibility, and
particularly the extremes, in these behaviours among extant hominoids. Thus, this
information is crucial for building accurate reconstructions for our hominoid ancestors and
exploring the evolution of these systems within the family Hominidae.

6.1.1

THE ROLE OF DISPERSAL IN MATING SYSTEMS

The dispersal patterns and mating system of a species is influenced by local competition for
resources, with either one or both sexes dispersing from their natal range. Most mammal
species with polygynous mating systems exhibit male sex-biased dispersal, as males must
compete for access to females, which are philopatric, i.e. remain in or near to the area in
which they are born (Greenwood, 1980; Waser and Jones, 1983; Shields, 1987; Perrin and
Mazalov, 2000; Lawson Handley and Perrin, 2007). The motivation for male dispersal in
many species appears to be attraction to individuals outside of their natal group, and so the
timing of dispersal is influenced both by eviction from the natal group and opportunity to join
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a different group (Pusey and Packer, 1987a; Jack and Fedigan, 2004a). Selection of a group
to join appears to be unaffected by the number of females in the group, but rather the
unfamiliarity of those females and the male’s lack of relatedness to them (Pusey and Packer,
1987a).
Although necessary to ensure access to unrelated females, avoid inbreeding, and prevent
resource competition with close-kin (Pusey and Wolf, 1996; Charpentier et al., 2007),
dispersal has both ecological and social disadvantages for individuals, at least initially, as
they move further away from their natal range. Food and mating resources must be sought in
areas unfamiliar to them, with greater risks involved, both in terms of finding adequate
amounts of food, and also avoiding conflict with less-related or wholly-unrelated individuals,
as they leave behind the social bonds of close relatives (Waser and Jones, 1983).
Several social systems have been described in the context of the extant great apes.
Chimpanzees (Pan troglodytes spp.) live in highly-territorial, patrilineal coalitions, from
which males receive strong benefits by remaining philopatric and the less gregarious females
disperse (Ghiglieri, 1987; Pusey and Packer, 1987a; Nishida et al., 1990; Gerloff et al.,
1999). Bonobos (Pan paniscus) live in highly-gregarious matriarchal societies in which male
offspring remain with their mothers and females disperse (Gerloff et al., 1999); mating is
opportunistic and promiscuous with little aggression between males (Kano, 1996), but with
increased and preferred mating opportunities for the male offspring of the highest-ranking
females (Hohmann, 2001; Eriksson et al., 2006).
In gorillas (Gorilla spp.), the social system is patrilineal in terms of reproduction, but patterns
of dispersal and philopatry are complex: a range of social groupings have been observed,
most typically one-male-multi-female groups, but also including multi-male-multi-female
groups, single-sex multi-male subgroups and short-term solitary males (Doran and
McNeilage, 1998; Fuentes, 2000; Malone et al., 2012). Social bonds between the females and
between unrelated males are weak and both males and females disperse (Harcourt et al.,
1976; Tutin, 1996; Stokes et al., 2003; Douadi et al., 2007). Male offspring are more likely to
remain in their group, however, if they can eventually inherit breeding opportunities from
their father (Watts, 2000).
Unlike the African apes, the orang-utan, specifically the Bornean species, exhibits low levels
of sociality and can be described as semi-solitary or non-gregarious (Galdikas, 1979; van
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Schaik, 1999). Several studies have also proposed that orang-utans may have evolved from a
one-male-multi-female social group-living ancestor, comparable to the gorilla (MacKinnon,
1971; Utami Atmoko and van Hooff, 2004; Harrison and Chivers, 2007). It has been
suggested that orang-utan social organisation has been influenced by the severe inter- and
intra-annual variability in available resources in South-east Asian forests, brought on by the
El Niño/Southern Oscillation climatic event, which began 5 Mya, and the consequential
sporadic mast-fruiting events by trees of the family Dipterocarpaceae (Whitmore, 1984;
Fleming et al., 1987; Ashton, 1988; Curran et al., 1999). The fluctuations in both quality and
quantity of food resources had a substantial impact on these large-bodied, mainly-frugivorous
animals; as a result, social groups became widely dispersed as females travelled further in
search of food; thus, males were unable to defend access to females (Knott, 1999; Fox, 2002;
Knott and Kahlenberg, 2007; Malone et al., 2012). The individual-based fission–fusion
sociality we observe today is presumably a result of these ecological pressures, as orangutans in more productive habitats i.e., Sumatra, and in captive scenarios in which food is
provisioned, show much higher levels of gregariousness (van Schaik, 1999; Malone et al.,
2012). The inference from various other studies is that orang-utans are indeed affected by
food availability and have described its influence on the variability of activity patterns,
ranging behaviour and life history parameters across populations and species (Sugardjito et
al., 1987; Marshall et al., 2009; Morrogh-Bernard et al., 2009; Singleton et al., 2009; Wich et
al., 2009; van Schaik et al., 2009).

6.1.2

ORANG-UTAN DISPERSAL

Regardless of the whether the theory on how their social system evolved is accurate or not,
field observations provide us with some insight into the present-day social organisation of the
orang-utan. Male orang-utans have large, overlapping ranges and incorporate the smaller
ranges of several females within these, consistent with a system of roving-male promiscuity
in which a single male cannot monopolise a group of females or defend a territory (van
Schaik and van Hooff, 1996). In addition, at most research sites across Sumatra and Borneo,
including Sabangau, a greater number of adult males have been observed and identified than
adult females within a limited area; many of the males appear to make only single, rare or
occasional visits, whilst the more-frequently-observed females and a few periodically177
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dominant flanged males are deemed as “residents” (Rijksen, 1978; Galdikas, 1979; te
Boekhorst et al., 1990; Utami and Mitra Setia, 1995; Singleton and van Schaik, 2001;
Delgado and van Schaik, 2000).
As in most other solitary mammal species, males do not derive any social or reproductive
benefits from remaining in their natal area and, thus, there is a tendency towards female
philopatry and male dispersal (van Noordwijk et al., 2012a).
From field behavioural observations of orang-utans, it appears that offspring start to range
independently from their mothers once they are weaned, although continue to spend short
periods in close proximity to their mothers (van Noordwijk et al., 2009). It is also implied
that newly-mature females establish home ranges within and adjacent to their mothers range,
providing strong observational evidence of female philopatry (Rodman, 1973; Mitani, 1989;
Galdikas, 1995; Delgado and van Schaik, 2000; Singleton and van Schaik, 2002; Knott et al.,
2008; van Noordwijk et al., 2009; Morrogh-Bernard et al., 2011).
Adolescent male orang-utans seem to visit their mothers’ ranges for several years after their
dependence has ceased (Mitra Setia et al., 2009). At Suaq, immature individuals of both
sexes have been observed occasionally within their mothers’ home range up to the age of 11
years (van Noordwijk and van Schaik, 2005), and at Ketambe, two sexually-mature males,
aged about 16 and 20 years old, respectively, are still seen within their natal ranges (van
Noordwijk et al., 2009). Thus, in contrast to the natal emigration seen in some other primate
species, where dispersal from the natal range occurs suddenly and permanently (c.f.
cercopithecine monkeys; Pusey and Packer, 1987a), the dispersal mechanism of male orangutans appears initially to involve expansion of the range around and including the mother’s
range (Mitra Setia et al., 2009). Whether this site fidelity is a transitional phase before the
adult male establishes his own range elsewhere (i.e. full dispersal away from the maternal
range), or whether he maintains his natal range within his adult home range (i.e. range
expansion has occurred in lieu of full dispersal) is, as yet, unclear.
The aim in recent genetic research conducted at several sites across Sumatra and Borneo has
been to verify these field observations. Five studies have been published to date, but in two of
these, the results were fairly ambiguous. At Ketambe, Sumatra, Utami et al. (2002) suggested
that both sexes disperse away from their natal range, as average relatedness values were all
statistically negatively correlated; but ex-captive orang-utans had been released in the area
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from another genetically-distinct population, causing artificially low relatedness values in the
data (Utami et al., 2002). In a similar study, conducted at the Lower Kinabatangan in Sabah,
Borneo, on a population of Pongo pygmaeus morio (Goossens et al., 2006) the relatedness
between males was just as high as between females, indicating that males may remain in their
natal area and thus, show philopatric tendencies similar to females; but the author
acknowledges that the highly-fragmented nature of the habitat, as a result of extensive
logging and agriculture in the research area, would almost certainly have acted as a barrier to
normal dispersal behaviour (Goossens et al., 2006). Thus, confounding factors exist in both
of these studies, complicating interpretation of the results.
More recently, in a broad-scale study comparing Y-chromosome and mitochondrial genetic
makers across nine discrete orang-utan populations, a much higher level of geographical
clustering of mtDNA than Y-chromosome haplotypes was shown, suggesting that gene-flow
and, thus, long-distance dispersal, is strongly biased towards males (Nietlisbach et al., 2012).
Other recent local-scale studies, conducted on populations of Pongo pygmaeus wurmbii,
concur that dispersal is male-biased and that females are philopatric. In Sabangau, MorroghBernard et al. (2011) found that average relatedness was higher among females than males
within the 900ha research area, although sample sizes were fairly low (16 individuals).
Additional evidence from Sabangau indicates that females may ‘place’ their daughters in a
petal-like formation surrounding their own home range (Morrogh-Bernard, 2009). In this
scenario, male dispersal may depend on the level of relatedness between neighbouring
clusters of females within the area: the less related these clusters of females are, the less far
one would expect the males to disperse.
At Tuanan, in two related genetic studies based on the same 40 individuals, the number of
unique haplotypes and variation in mtDNA was much higher in males than in females,
providing evidence for the theory of male-biased dispersal and female philopatry.
Furthermore, the presence of matrilineal clusters of highly-related females was confirmed by
additional parentage-based pedigree reconstructions (Arora et al., 2012; van Noordwijk et al.,
2012).
Although there is support from the recent behavioural observations from the field, there are
still several aspects of the dispersal process for which limited or conflicting evidence exists.
Firstly, the stage in an individual’s development at which dispersal occurs remains unclear.
Based on the genetic results from Tuanan, van Noordwijk et al. (2012) suggest that dispersal
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from the natal range occurs whilst males are adolescent. From field observations, it is known
that unflanged males are sexually mature and often sire offspring (Galdikas, 1985; Utami et
al., 2002; Goossens et al., 2006; Utami Atmoko et al., 2009); thus, it is implied that the
benefits of dispersal would also apply to unflanged males and, therefore, support the theory
of dispersal at the adolescent stage. Nevertheless, it has been shown in recent genetic studies
in Sabah that unflanged males (but not flanged males) may show some degree of site fidelity
(Goossens et al., 2006), and Morrogh-Bernard et al. (2011) found that males may only
disperse fully once they have developed flanges.
Secondly, the distance over which dispersal occurs, as well as the degree of site fidelity, are
also uncertain. Arora et al. (2012) suggest that several males share haplotypes with females
on the periphery of the research site and, thus, could share maternal links with females not
too far outside the research area. This raises questions pertaining to dispersal distance,
inclusion of natal areas within male ranges and whether or not dispersal is permanent. Arora
et al. (2012) and van Noordwijk et al. (2012) state a need to sample over a larger area in
order confirm their findings for individuals with only partial range overlap with the research
site; this includes all the males sampled in their study, as male ranges were found to exceed
the size of the research and sampling area (ca.750 ha). Thus, analysis of relatedness between
individuals in distant areas of forest will help us understand orang-utan social organisation
and the distances involved in orang-utan dispersal.
In light of the uncertainties in male dispersal in orang-utans, the aim in this study was to
investigate these features of dispersal and relatedness patterns on an intermediate-scale, in
which individuals could be sampled over a much larger area than a standard research site. By
conducting a study over an extended area, the aim was to increase our knowledge of the
facets of male dispersal in the Sabangau population. Furthermore, given the contrasting
proposed ages of male dispersal in the Sabangau and Tuanan studies, it was imperative that
further studies were carried out on the Sabangau population to discover whether these
differences could be explained by the low sample size of the previous study by MorroghBernard et al. (2011), or whether in fact, such differences do indeed exist between these
geographically close populations.
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6.1.3

HYPOTHESES

Thus, in order to investigate how dispersal works within the social organisation of orangutans, particularly with regard to the timing and distance of dispersal, the following
hypotheses are tested in this chapter:

1. I expect that male orang-utans disperse, while females are philopatric.
2. I expect that male orang-utans fully disperse from their natal range:
a. If orang-utans operate true dispersal, then I expect that post-dispersal
males do not show site fidelity, i.e. they are not found in the same area
as close maternal kin.
b. Conversely, if male orang-utans operate a range-expansion strategy,
then I expect that males of all types are found within their natal range
at times, albeit rarely.
3. If male orang-utans disperse, then I predict that they disperse during the time
that they are unflanged males, and that this can be elucidated from the pattern
of maternal kin relationships in the close area:
a. If males disperse at the point of puberty, then I expect that neither
flanged nor unflanged adult males show site fidelity, i.e. they are not
found in the same area as close maternal kin.
b. If males disperse only whilst unflanged, then I expect that some
unflanged males are found in the same area as close maternal kin while
others are not, but flanged males show no site fidelity.
c. If males disperse only after the flanging process has occurred, then I
expect that all unflanged males are found in the same area as their
close maternal kin, but some flanged males are in natal areas and
others not.
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d. If male orang-utans disperse during both the unflanged and flanged
periods, then I expect that some flanged and unflanged males are
found in areas with close maternal kin and others are not.
4. I predict that, if dispersal occurs, then the dispersal distance is sufficient to
remove the male from the females to whom he is related in his natal area. As
such, this distance is greater than the distance over which female-female
relatedness is intensely clustered.
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6.2 METHODS
6.2.1

SAMPLE COLLECTION

6.2.1.1

OBTAINING FAECAL SAMPLES

Multiple non-invasive faecal samples were collected from 127 individual orang-utans found
in the Sabangau forest between 2008 and 2012. Between September 2008 and September
2010, samples from 30 individuals were collected exclusively from the Setia Alam research
area. From October 2010 to October 2012, a further 97 individuals were sampled, as sample
collection continued at Setia Alam, yielding samples from 30 more individuals; the new grid
system was cut in the immediate area to the east of the SA site, from which 14 samples were
obtained; and expeditions were made to an additional six sub-sites within the NLPSF. The
locations of faecal sample collection outside the SA research grid are illustrated in Figure
6.1. Between them, these sites cover an area of ca. 20,000 ha of continuous peat-swamp
forest, much larger than any previous orang-utan study (see Utami Atmoko et al., 2009a). A

Figure 6.1: Map illustrating locations of faecal samples collected between October 2010 and
October 2012. Samples collected within the 2 x 2km research grid at Setia Alam not shown.
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full description of the study area, including the remote sub-sites, is given in Chapter 2:
Methods.
The six sub-sites were visited and searched on a regular basis when possible, but all site visits
were dependent on water levels: river sites requiring access by boat were inaccessible in dry
periods; conversely, access to the interior forest sites by foot was impeded in the wetter
months. Over the two-year field-work period, I made four trips to each of the furthest river
sites (the Bakong and Koran sites), 20 trips to the Jelutong site, 15 trips to the Alui site and
eight trips to the interior Low Pole and Tall Pole forest sites; several additional expeditions
were also made to areas between these sub-sites.
In total, my assistants and I walked over 495 kilometres whilst searching for orang-utans in
these forest areas, with each search team covering an average distance of 4.4 km/day over
112 days. On these expeditions, we found and collected faecal samples from 52 unhabituated
orang-utans in areas outside the established Setia Alam research area, searching on average
nine kilometres for each orang-utan found, with an average find rate of one orang-utan every
two search days. In addition to the sample locations illustrated in Figure 6.1, one sample was
obtained opportunistically from a flanged male encountered 30 km to the north-west of the
research area; there are no obvious barriers to dispersion between these two sites. A summary
of the age-sex distribution of orang-utans from whom faecal samples were analysed is shown
in Table 6.1. In total, 167 samples were collected from these individuals. As can be seen
from Table 6.1, the ratio of males to females sampled was biased towards males. This partly
reflected the encounter ratio within the Setia Alam research site, as unknown adult males

Table 6.1: Summary of faecal samples collected for genetic analysis, indicating age-sex class and
the sub-site at which the sample was collected. ‘Unknown’ age-sex refers to samples from
individuals who were not seen. ‘Other’ sites were areas that were visited on one or two occasions.

184

Chapter 6: Relatedness and Dispersal
were regularly found, whereas the resident females were habituated and it was unusual to
encounter a new adult female. Furthermore, on the sampling trips to remote sites it was easier
to locate and track flanged males based on their long calls, hence a greater representation of
this age-sex class in the sample distribution.
In addition to the samples detailed above, data have been included from 16 individuals
previously genotyped by Morrogh-Bernard et al. (2011). These samples were collected
within the Setia Alam research site between 2003 and 2005, and the individuals for whom
genotypes were obtained comprised four flanged males, five unflanged males, one adolescent
male, four adult females, one adolescent female and a juvenile female. Since the time of
sample collection and genetic analysis, both the adolescent and juvenile female have matured
and have had infants of their own; the adolescent male has matured into a unflanged male;
and at least one of the former unflanged males is known to have developed flanges.

6.2.1.2

GENETIC SAMPLING PROTOCOL

Genetic faecal material collection and storage methods followed those outlined in the genetic
sampling protocols of the Orang-utan Network, Anthropological Institute and Museum,
University of Zürich (http://www.aim.uzh.ch/orangutannetwork/FieldGuidelines.html) as
adapted from Goossens et al. (2003).
For each individual orang-utan found, we collected between one and three faecal samples.
Preferably, samples were collected each morning as the orang-utan left its night nest, as DNA
extraction is considered to be most successful from overnight faeces. Sample collection was
not always possible at this time, however, especially from unhabituated individuals at the
remote sites: orang-utans often were not found until later in the day and once photographs,
descriptions and faecal samples were collected, the individual was abandoned as they fled.
Many of the unhabituated individuals would defaecate soon after being discovered by the
search team; when this did not occur, we followed the orang-utan to their night nest and we
returned before sunrise the following morning, in order to collect a faecal sample as the
orang-utan left their nest.
Samples were collected as soon as possible after an orang-utan was observed to defaecate,
taking care not to contaminate the faecal sample and using a fresh pair of latex gloves for
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each collection. Faecal material from the outside the front-end of the stool (containing the
most skin cells and therefore the highest yield of DNA) was collected into two separate 15ml
sealable air-tight tubes containing 8ml of 95% ethanol. Relevant information was recorded
for each sample, including date, sex, age class, GPS position and sample ID.
Two methods were employed for sample processing: a single-step method of storage in 95%
ethanol, and a two-step procedure involving storage in 95% ethanol followed by silica gel
desiccation (Goossens et al., 2003). There is a lower risk of contamination using the singlestep method, but DNA can degrade more quickly compared to the two-step method (Nsubuga
et al., 2004; Roeder et al., 2004). All samples collected prior to October 2010 were kept in
the 95% ethanol; for samples collected since October 2010, one tube from each sample was
kept in ethanol as before, while a two-step desiccation method was applied to the second.
Each of these samples remained in the ethanol for 24-36 hours, before being split and
carefully transferred into two separate 8ml tubes, covered with a sterile thin filter paper to
prevent contamination, topped with absorbent moisture-indicating silica gel and sealed with
para-film around the cap. Once the silica gel in the two tubes indicated full saturation, it was
replaced with new silica gel to absorb any further moisture. All samples were kept
refrigerated at < 4°C until transport.

6.2.2

SAMPLE ANALYSIS

All necessary intra- and inter-national transport permits were obtained for the export of the
faecal samples, and one duplicate of each sample was stored at the Indonesian Institute of
Sciences (LIPI) in Bogor, in accordance with the conditions of these permits. The samples
were transported to the Evolutionary Genetics Group at the University of Zurich, for genetic
analysis in co-operation with Michael Krützen. DNA extraction and analysis was performed
by Livia Gerber.
DNA was extracted from the samples using the QIAamp DNA stool Mini Kit (©QIAGEN)
and then amplified by PCR, following the methods of Morin et al. (2001). Maternallyinherited mitochondrial DNA (mtDNA) markers were used to identify haplotypes and
maternal lines, and autosomal DNA was analysed to investigate relatedness. In total, 28
human-derived and species-specific microsatellite loci were analysed, found to be suitable for
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orang-utans in previous studies; details are provided in Appendix IV (Utami et al., 2002;
Goossens et al., 2006; Morrogh-Bernard et al., 2011; Arora et al., 2012).

6.2.3

ANALYSIS OF GENETIC DATA

6.2.3.1

GENOTYPES

The raw microsatellite data were initially processed to identify the rate of genotyping errors,
based on known repeated samples of individuals and analyses of repeated DNA extractions
from the same samples. Identity analysis was then performed using Cervus v3.0 (Kalinowski
et al., 2007), in order to identify duplicates in the dataset as a result of unknown repeated
samples; in such cases, genetic information for each individual was merged to form a final
dataset of unique individuals.
Allele-frequency analysis amongst independent (presumed post-dispersal) orang-utans was
performed using Cervus v3.0; the data was tested for Hardy-Weinberg equilibrium and
linkage disequilibrium using Arlequin v3.5 software (Excoffier and Lischer, 2010).
Monomorphic loci, and those which did not comply with the equilibrium assumptions, were
excluded from relatedness analyses.

6.2.3.2

MITOCHONDRIAL HAPLOTYPES

For all individuals for whom mtDNA sequencing was performed, nucleotide sequences were
analysed in Arlequin v3.5 in order to identify differences and thus to distinguish different
haplotypes. AMOVA analysis was performed to evaluate differences in variation between
and within different sub-sites.

6.2.3.3

RELATEDNESS

Pairwise relatedness of individuals within the population, based on microsatellite data, was
estimated in place of pedigrees (Csilléry et al., 2006; Morrogh-Bernard, 2009). Relatedness
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analyses were performed using Coancestry v1.0.1.2 software (Wang, 2011), and five
relatedness estimators were used for initial analyses. Four of these were dyadic likelihood
estimators: Queller and Goodnight’s estimator (Queller and Goodnight, 1989), Lynch and
Ritland’s estimator (Lynch and Ritland, 1999), Li and Lynch’s estimator (Li et al., 1993) and
Wang’s estimator (Wang, 2002); the fifth was a triadic likelihood estimator: Trio ML (Wang,
2007). The relatedness between known mother-offspring pairs was evaluated in order to
select the relatedness estimator best-suited to the data, which was then used to assess
relatedness within and between groups based on sex and location.
In comparisons between groups, for example males and females or individuals from different
sub-sites, differences in intragroup relatedness between groups (∆r) were tested for statistical
significance using a bootstrapping method in Coancestry. In this process, the observed ∆r of
two groups is compared to the ∆r of simulated groups of equal size to the test groups,
comprised of randomly-selected dyads from the dataset. In all cases 100,000 iterations were
performed, and the results reported as p < 0.02, p < 0.05 or non-significant, according to the
position of the observed ∆r in relation to the quantiles of the bootstrapping frequency curve.
Relatedness was also compared to distance between the locations at which the genetic
samples had been obtained, based on GPS points analysed in ArcGIS v10.2 (©ESRI).
Statistical analysis of correlations was performed using SPSS v21 statistical software
(©IBM).

6.2.3.4

PARENTAGE

Parentage analyses were performed using Cervus. Simulations of paternity and parentage
analyses, assuming relatives within the candidate parents, were run in order to produce
reference LOD scores based on the parameters of the population. For the purposes of these
analyses, the overall candidate parent population was assumed to comprise 75 females and
200 males, and proportions of candidates sampled were thus set accordingly. Paternity
analyses were used to identify candidate fathers for offspring of known mothers from males
who had been genotyped, and parentage analysis was performed on all genotyped individuals
to detect correlations in genotypes consistent with parent-offspring relationship. For all
statistical tests a significance value of p < 0.05 was used.
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6.3 RESULTS
6.3.1

GENOTYPING AND IDENTITY ANALYSES

A total of 167 samples were analysed; of these, genotypic data of at least one locus was
obtained for 100 samples. Analysis of repeated samples from known individuals was
minimised once sufficient genetic data had been obtained; as such, not all samples were
analysed.
A summary of the microsatellite loci analysed, along with the genotyping success and error
rate at each locus, are provided in Appendix V. The rate of genotyping errors was identified
from known repeated samples of individuals and analyses of repeated DNA extractions from
the same samples. Genotype data of 13 samples from 6 individuals were used for this
analysis, and the mean error rate at each locus was 4.6%. Such errors may be due to PCRgenerated alleles, or a result of allelic dropout, leading to false homozygotes; most of the
errors observed appeared to be allelic dropout, but it was not possible to accurately assess
which of these sources was responsible for the observed error, as in most cases I had only two
sets of genotypic data for each individual.
The genetic data from the 16 individuals previously genotyped from Sabangau were
incorporated into the dataset. Identity analysis was then performed to highlight duplicate
genotypes. In light of the error rate identified above, fuzzy matching of up to three alleles was
allowed when running the analysis in Cervus; the genetic data for each set of matches was
carefully examined to ensure that any mismatches were likely a result of errors, such as
allelic dropout, and not representing multiple genuine differences in the genotypes. This
process identified unknown repeated samples for several individuals (who presumably had
not been seen clearly or recognised when the sample was collected) and identified one
flanged male who had been seen previously within the area as an unflanged male, but not
recognised as the same individual. Genotype data from these duplicates was then merged to
produce a dataset of unique individuals.
Allele frequency analysis was performed, using genotype data from only presumed postdispersal individuals. The full results of this analysis are given in Appendix VI. One locus
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Table 6.2: Age-sex and sub-site distribution of 64 individuals for whom genotypic data was
generated for at least seven independent polymorphic loci.

(D12S375) deviated significantly from Hardy-Weinberg equilibrium, and had a substantial
heterozygote deficit; this was taken as an indication of locus-specific problems in genotyping
(possibly due to null alleles or allelic drop-out) and this locus was, consequentially, excluded
from the analyses. Two further loci (O4A8 and O4B24) were excluded, as they were
monomorphic within my sampled individuals. No linkage disequilibrium was detected.
Following these exclusions, the dataset of unique individuals for whom between 7 and 28
independent polymorphic loci had been genotyped comprised 64 orang-utans, as shown in
Table 6.2. Most relatedness analyses, however, were based on the subset of 60 individuals
who were genotyped to at least eight of these loci, and pairwise results for four individuals
genotyped to only seven loci were interpreted with caution.

6.3.2

MITOCHONDRIAL HAPLOTYPES

Nucleotide sequences for mtDNA were obtained for 30 of the samples collected for this
research; these data were merged with those of previously sequenced samples from Sabangau
(Morrogh-Bernard, 2009) to produce a dataset of 45 unique individuals. Analysis of
mitochondrial haplotypes was performed in Arlequin. A total of 12 unique haplotypes were
identified from these 45 individuals from five different sub-sites across the sampling area;
details are provided in Appendix VII. A minimum spanning tree, illustrating the genetic
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relationship between these haplotypes, is shown in Figure 6.2, and the distribution of
haplotypes across sub-sites and age-sex classes is shown in Figure 6.3.
Despite the presence of a few unknown individuals in the dataset, whose genders were not
ascertained, it is suggested from the data that there was a pattern in the distribution of certain
haplotypes across individuals based on their age-sex class and location. Haplotypes A and E
were the most frequently identified: both were found in several sub-sites within the sampling
area, but A was predominantly found in females (7 of 9) whereas E was predominantly found
in adult males (15 of 20). Haplotypes B and C were found exclusively in samples from Setia
Alam, and only from females and young males; haplotype D followed a similar pattern in
relation to age-sex class, but was also identified in the Tall Pole. Haplotypes F, G, H, K and L
were only found in one sample each, but these samples were from flanged males.
It is interesting to note, from Figure 6.2, that the haplotypes mainly found in females within
the sampling area (A, B, C and D) were genetically quite distant from the haplotypes mostly
found in males (E, F, G, H and K). This suggests that a dispersal mechanism was in place
such that adult males and females in the same area were of different maternal lines, which
may reduce inbreeding. These observations were supported by the results of an AMOVA to
explore variation in relatedness across sites (Table 6.3). More than half of the observed
variation in female haplotypes was attributed to differences between sub-sites (p = 0.046)
whereas the results for adult males suggest no influence of sub-site.

Figure 6.2: Minimum spanning tree illustrating the genetic relatedness of the 12 mtDNA
haplotypes identified from the sequenced samples.
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Figure 6.3: Distribution of mtDNA haplotypes by sub-site and age-sex class. (A) Individuals of
all age-sex classes, divided by sub-site. (B) Individuals from all sub-sites, divided by age-sex class.
(C) Individuals within Setia Alam, divided by age-sex class.
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Table 6.3: Results of AMOVA to evaluate variation in mtDNA haplotypes within and between subsites across the sampling area. Sexes evaluated separately: adolescent males excluded.

Of the males sampled, three were unflanged males and three were males classed as young
(adolescent). At least two of the young males sampled may have still been in their natal
range, as their haplotypes were otherwise only found in females. One of the unflanged males
sampled was haplotype A, found mostly in females in that sub-site, and therefore also
consistent with site fidelity; the other two unflanged males were both haplotype E, which was
mostly found in flanged males, but there were also some females from the same site with the
same haplotype. It is suggested from these limited data that adolescent males were found in
their natal range, while flanged males were in areas populated by females of different
maternal lines; but the data for unflanged males were inconclusive.
The level of kinship between individuals of the same haplotype is considered further in
Section 6.3.4.2: Kinship.

6.3.3

RELATEDNESS

Relatedness of individuals within the genotype data was assessed using five relatedness
estimators (see Section 6.2.3.3: Relatedness). The pairwise relatedness estimates for four
known mother-offspring dyads are shown in Table 6.4. As parent-offspring pairs have an
actual relatedness value of 0.5, the estimator which performed the best at detecting this
relationship was the TrioML estimator: (x̄ = 0.51, s.d. = 0.02). Thus, the TrioML estimator
was used for the remainder of the relatedness analyses.
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Table 6.4: Relatedness estimates for four known mother-offspring pairs within genetic dataset.
See Section 6.2.3.3: Relatedness for details of relatedness estimators used.

The overall mean relatedness of all individuals genotyped, based on 1171 pairwise
comparisons, was 0.046 (variance = 0.008). Full details of the pairwise relatedness analyses
are given in Appendix VIII.

6.3.3.1

RELATEDNESS WITHIN AND BETWEEN SEXES

To ascertain whether there is evidence of dispersal of either sex of orang-utan in the
Sabangau (hypothesis 1), mean relatedness within sexes was calculated, and the differences
between groups evaluated for significance using a bootstrapping method in Coancestry. A
full summary of the mean relatedness estimates within and between sexes at different subsites are shown in Appendix IX; the ∆r results from comparison to figures across all
sampling sites, and their statistical significance, are shown in Appendix X.
The results relating to relatedness within sexes are shown in Table 6.5, and illustrated in
Figure 6.4. These graphs were generated by a bootstrapping process, and illustrate the
normal distribution of ∆r values for each pair of groups, based on the sample size of each
group and the mean relatedness in the population. The observed ∆r value (as shown in Table
6.5) is shown as a bold line, and its location in relation to the normal curve gives an
indication of the statistical significance of the differences between the two groups. Thus, a ∆r
value of -0.007 between overall inter-relatedness and male-male inter-relatedness is
statistically significant (Figure 6.4B), even though the greater ∆r value of -0.011 when
comparing flanged male inter-relatedness and unflanged male inter-relatedness is not
significant (Figure 6.4E).
194

Chapter 6: Relatedness and Dispersal
Table 6.5: Mean relatedness values within sexes, as calculated by the Trio ML estimator in
Coancestry. Differences between groups were assessed for statistical significance by comparison to
results of bootstrapping. r = relatedness, var. = variance. F = female, M = male, FM = flanged male,
UFM = unflanged male.

In general, the mean relatedness between pairs of females was higher than the overall
relatedness between pairs of individuals in the dataset (p < 0.02; Figure 6.4A); interestingly,
this difference was even more marked when considering females from within the Setia Alam
area only, which may be an indicator of clustering of closely-related females within this subsite. Conversely, the overall male-male relatedness was lower than the relatedness between
all individuals (p < 0.02; Figure 6.4B); these values were very similar when considering all
males sampled and those from Setia Alam only, suggesting male relatedness within the
overall sampling area was more homogenous than that of females.
Given these results, it is not surprising that, when female-female relatedness was compared to
male-male relatedness, inter-female relatedness was found to be significantly higher than
inter-male relatedness, both in the overall sample population (p < 0.02; Figure 6.4C) and
within Setia Alam; the ∆r values for this comparison were higher within the Setia Alam subsite than when considering data from the whole sampling area.
From these results it is clear that, overall, the relatedness between females sampled was
higher than the relatedness between males sampled; this is consistent with a system in which
females tend towards site fidelity and males tend towards dispersal. Thus, my results support
my hypothesis that, in this population, male orang-utans disperse, while females are
philopatric (hypothesis 1).
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A

Figure 6.4: Results of bootstrap analyses of difference of mean relatedness between groups
(∆r), showing quantiles and observed ∆r values. Relatedness calculated by TrioML estimator; all
values relate to overall relatedness across all sub-sites. F = female, M = male, FM = flanged male,

UFM = unflanged Male. Figure continues on next page.
(A) Relatedness of females: ∆r All, F:F.
(B) Relatedness of males: ∆r All, M:M.
(C) Relatedness of females to males: ∆r F:F. M:M.
(D) Relatedness of females to flanged males: ∆r F:F. FM:FM.
(E) Relatedness of females to unflanged males: ∆r F:F, UFM:UFM
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B

C

Figure 6.4 continued. See start of figure for caption.
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D

E

Figure 6.4 continued. See start of figure for caption.
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Table 6.6: Mean relatedness values between sexes, as calculated by the Trio ML estimator in
Coancestry, and ∆r between groups. Differences between groups were assessed for statistical significance
by comparison to results of bootstrapping. r = relatedness, var. = variance. F = female, M = male, FM =
flanged male, UFM = unflanged male.

To establish whether there was genetic evidence for a difference in this process between
flanged and unflanged males (hypothesis 3), the difference between female-female and malemale relatedness was considered separately for flanged and unflanged males. Relatedness
within males was significantly lower than within females for both male morphs, but the
difference was more statistically significant when considering flanged males (p < 0.02;
Figure 6.4D) than unflanged males (p < 0.05; Figure 6.4E). Thus, from these results, it is
suggested that there may be a difference in the dispersal of flanged and unflanged males
(hypothesis 3).
To investigate further the differences between flanged and unflanged males, mean pairwise
relatedness between sexes was also considered; the results of these analyses are shown in
Table 6.6.
Overall, female-male relatedness was slightly lower than the mean relatedness between all
individuals, both across the whole of the sampling area and within Setia Alam. Compared to
the overall female-male relatedness, however, females were significantly less closely related
to flanged males (p < 0.02) and significantly more related to unflanged males (p < 0.05).
These trends were much more marked when considering individuals from within the Setia
Alam sub-site (p < 0.02 for both flanged and unflanged males; Figure 6.5A and B,
respectively).
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A

B

Figure 6.5: Results of bootstrap analyses of difference of mean relatedness between groups
(∆r), showing quantiles and observed ∆r values. Relatedness calculated by TrioML estimator; all
values relate to female-male relatedness within Setia Alam sub-site. F = female, M = male, FM =

flanged male, UFM = unflanged male.
(A) Relatedness of females to flanged males: ∆r F:M, F:FM.
(B) Relatedness of females to unflanged males: ∆r F:M, F:UFM
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From these results I conclude that across the 20,000ha sampling area, females were more
related to unflanged males and less related to flanged males; furthermore, this effect was
magnified when considering smaller sub-sites such as the Setia Alam research site (sampling
area ca. 900ha). This pattern is consistent with a system in which flanged males disperse far
from their natal range, whilst unflanged males either disperse shorter distances or show some
degree of site fidelity. This result is supportive of my hypothesis that dispersal may occur
when the male is unflanged (hypothesis 3b).

6.3.3.2

RELATEDNESS OVER DISTANCE

In order to investigate further how relatedness changed over distance, the data were evaluated
for correlation between relatedness estimates and distance between locations at which the
genetic samples were obtained. The results for groups categorised by distance are shown in
Figure 6.6; scatterplots of relatedness against distance are shown in Figure 6.7.
Female-female relatedness was highest when individuals less than 4km apart; there was a
strong negative correlation between mean pairwise relatedness and the distance between
sampled females, as shown in Figure 6.7A (Spearman’s rank coefficient: rs (188) = -0.189, p
= 0.009).

Figure 6.6: Mean pairwise relatedness of female-female, male-female and male-male pairs,
categorised by distance between genetic sampling sites.
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Figure 6.7: Scatterplots of mean pairwise relatedness of different groups against distance between
individuals. Relatedness groups shown are (A) female-female, (B) flanged male-flanged male, (C)

unflanged male-unflanged male, (D) flanged male-unflanged male, (E) female-flanged male, (F) femaleunflanged male.
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Mean pairwise relatedness between males was lower than that of females across all distance
categories, and remained fairly constant over distance; no significant trend was found (rs
(593) = -0.029, p = 0.495 (NS)). Flanged males were separated from unflanged males to
identify if there were any differences between these two groups; again, no correlations were
significant between distance either flanged male-flanged male or unflanged male-unflanged
male relatedness. Considering relatedness of flanged males to unflanged males, the mean
pairwise relatedness tended to be low across all distances (Figure 6.7D), with no obvious
trend or correlation (rs (190) = 0.048, p = 0.509 (NS)).
Mean relatedness between males and females was much lower than female-female
relatedness at distances of less than 4km, and there was no significant change in male-female
relatedness as the distance between them increased (rs (698) = 0.058, p = 0.126 (NS)).
Combined with the decreasing female-female relatedness over distance, it appears that when
a distance of at least 12km is achieved between individuals, there is little difference between
female-female relatedness and male-female relatedness (Figure 6.6). Considering flanged
and unflanged males separately, there was again no significant trend in their relatedness to
females across different distances, as illustrated in Figure 6.7E and F (FM: rs (484) = 0.050, p
= 0.274 (NS); UFM: rs (158) = 0.040, p = 0.616 (NS)).
Thus, from these results we can conclude that there is clustering of related females, with
significantly higher relatedness between females up to 4km apart, but no such clustering is
seen with related males or male-female relatedness. This finding lends further support to the
hypothesis that males disperse while females remain philopatric (hypothesis 1).

6.3.4

RELATIONSHIPS

6.3.4.1

PARENTAGE

Parentage analyses were performed using Cervus. These analyses are based on logarithm of
odds (LOD) scores and, as such, simulations must be conducted based on estimated numbers
of candidate parents, the proportion sampled, and estimates of relatedness within the
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population; from the simulation, critical LOD scores are established for assigning parentage
at different confidence levels.
As discussed previously, within the dataset were four known mother-offspring pairs (shown
in Table 6.4). In order to establish whether any of the sampled males could be the fathers of
these offspring, paternity analyses were conducted. Paternity simulations based on the
parameters of my dataset indicated that critical LOD scores of 4.91 or 7.85 would be required
in order to assign paternity with 80% and 95% confidence, respectively.
For three of these mother-offspring pairs, no candidate fathers were found in the dataset with
positive LOD scores, indicating that it is very likely their fathers were not sampled. As these
infants were born before the start of the orang-utan behaviour project at this site, it is possible
that their fathers were no longer in the area at the time of genetic sampling. Future work
establishing genotypes for infants born during the study period may prove more fruitful in the
context of the males genotyped as part of this study, but thus far has been unsuccessful due to
the challenges in extracting high-quality DNA material from infant faeces. For Timi, the
daughter of Teresia, who was the youngest infant to be successfully genotyped, two candidate
fathers with positive LOD scores were found. The LOD score of neither candidate father,
however, was high enough for the 80% confidence limit: Vulcan had a LOD score of 1.42
while an unknown male (identified as “Setia Alam Flanged Male 2” for the purposes of
sampling) had a LOD score of 0.57.
Whilst the pairwise relatedness between Timi and her mother was 0.5, Timi’s relatedness to
Vulcan was 0.38 and to Flanged Male 2 was 0.41. The relatedness between Teresia and
Vulcan was 0.09, but no relatedness was detected between Teresia and Flanged Male 2,
indicating that Timi’s relationship to these males is through the paternal line. Based on field
observations, it is thought that Timi was born around March 2004, which in turn means she
would have been conceived around June 2003. Whilst little is known about Flanged Male 2,
Vulcan was present in the grid area as a large unflanged male at the start of the behavioural
monitoring project at Sabangau from September 2003, so it is quite possible that he may have
encountered Teresia around the time she was receptive. Nevertheless, it is not possible to
assign parentage with certainty based on these data.
Parentage analysis was performed on all genotyped individuals to detect correlations in
genotypes consistent with parent-offspring relationship; full results of these tests are provided
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in Appendix XI. For these analyses, simulations suggested critical LOD scores (for 80% and
95% confidence, respectively) of 6.82 and 10.16 for fathers, 5.22 and 8.13 for mothers, and
15.18 and 19.88 for parent pairs; no paternity candidates or parent pairs, however, achieved a
high enough LOD score to confirm parentage with any certainty. A summary of the results of
the parentage analyses showing strongest genetic correlation are summarised in Table 6.7,
along with relatedness coefficients and haplotypes where known (this information was not
available for every individual due to the quality of DNA extracted from the samples).
In addition to the known mother-offspring pairs (Gracia-Gretchen, Cleo-Feb and Indah-Indy),
four other sets of possible mother-offspring pairs have been identified from the genetic data
to at least 80% confidence. Two of the adult females sampled in the Tall Pole sub-site
showed strong LOD and relatedness scores, making them a likely mother-daughter pair; it
was not possible to tell from the pairwise genetic analyses, however, which female was the
mother and which the daughter. The same was true for Willow and an adult female from
Canal Unyil, about 3.5km west of the Setia Alam site, who shared a LOD value of 8.9; and
for Willow and Viola, whose pairwise LOD score was 6.6.

Table 6.7: Summary of strongest candidate parent-offspring relationships determined by
parentage analyses. † indicates 80% confidence; * indicates 95% confidence.
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Two well-known individuals from the research site, Cleo and Archimedes, have also been
highlighted as having a high LOD score (6.7) and high relatedness (0.71); they also shared
the same haplotype. From field observations, however, it seems unlikely that Cleo could be
Archimedes’ mother, as they appeared to be of a similar age. Thus, although a motheroffspring relationship cannot be ruled out, it is more likely that they were full siblings.
As shown in Table 6.7, some candidate mother-offspring pairs, such as Potret and SA-MYM2 (a young male found at Setia Alam), despite having high LOD scores and relatedness
estimates, had different haplotypes, which excludes mother-offspring relationship. Other
candidate parent-offspring pairs (such as Kandil and Potret) had positive LOD scores but
their relatedness coefficients were lower than expected for parentage. These cases are
suggestive of either some variation in the relatedness estimates (as a result of missing data,
for example) or a more distant direct-descent relationship, e.g. grandparent-grandchild. These
non-parental kinships are explored further in the next section.
Despite not achieving the LOD score required for confident assignment of paternity, there
was evidence that Hengky and Hades had sets of alleles in common, as well as an overall
relatedness consistent with a father-son relationship. Hengky was a large flanged male who
showed dominant behaviour in the research area for a period (discussed in Chapter 3:
Dominance), but who was last seen in 2005; Hades, a large unflanged male, was first seen in
the area in 2010. Thus, it is feasible that Hades is the son of Hengky.

6.3.4.2

KINSHIP

To investigate further aspects of dispersal, such as whether males were spatially separated
from their female relatives, and whether there was kinship between males within a sub-site
(hypothesis 2), the distribution of kinships within and between sub-sites across the sampling
area was examined. Full details of the pairwise relatedness analyses, conducted using the
TrioML method in Coancestry, are given in Appendix VIII. This dataset comprises 2016
individual pairwise comparisons, of which 1107 were deemed to be completely unrelated (r =
0), 630 had a relatedness estimate of r < 0.125, 178 pairs had a relatedness estimate of 0.125
– 0.25, and 101 pairs were deemed to be closely related, with r > 0.25.
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It is from close kinships, such as siblings, aunts, uncles and parents, that information
regarding dispersal of individuals may be inferred, thus, it is these relationships that I have
examined more closely in this section, in order to explore aspects of kinship in this
population. Due to the possibility of error in the relatedness values, all pairwise relatedness
values of r > 0.1 have been reported in the following tables, but no attempt has been made to
distinguish between kinship relations at the level of cousin or below.

(A)

KINSHIP BETWEEN UNFLANGED MALES AND FEMALES WITHIN SUB-SITES

Six unflanged males from Setia Alam, and one from the Tall Pole, were successfully
genotyped. For one of the males at Setia Alam, no kinships were identified with any resident
females; similarly, no kinships were identified between the unflanged male and four resident
females in the Tall Pole site. The kinships identified by examining the pairwise relatedness of
the remaining five Setia Alam males to the 13 resident females at the same sub-site are shown
in Table 6.8.
There was variation between the unflanged males regarding their kinship to the resident
females. Archimedes had a high level of relatedness to females in the area (r > 0.25 for six
pairwise relationships) including sharing haplotypes with many of them. The level of
Table 6.8: Kinship between unflanged males and females within Setia Alam sub-site. Hap =
mtDNA haplotypes, where known. Kinships are denoted Parent-Offs = parent-offspring; Sib = sibling,
H-Sib = half sibling; Uncle = uncle/aunt-niece/nephew; or Cousin for all more-distant levels of
kinship. Kinships which can be assigned to maternal or paternal lines are indicated M or P.
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relatedness to Cleo was particularly high and consistent with either parent-offspring or full
sibling (although, from field observations, sibling is more likely; see Section 6.3.4.1:
Parentage). His kinship with Indah, Viola and Willow would be consistent with the
relationship of half-siblings; by extension, his kinship with Feb and Indy may represent
uncle-niece relationships. Thus, the high level of close kinship Archimedes had with this
cluster of highly-related resident females suggests that he was found within his natal range.
Einstein, a young, unflanged male, was closely related to one female (AF1, r = 0.46); the
level of relatedness would suggest that they were either siblings or mother-son; there was,
however, no evidence of parentage between these individuals in the parentage analyses. He
was also related at a more distant level to Gracia (r = 0.16), although it is suggested from the
haplotype mismatch that this relationship is through the paternal line.
Hades, Romeo and Zeus each had one or two females within the sub-site with whom they
shared kinship relation to a level suggesting half-siblings, uncle/aunt-niece/nephew, or
possibly cousins. Interestingly, the two females to whom Hades and Romeo were most
related (Gretchen and Indy, respectively) were offspring of resident females in the area, who
had become independent and had themselves assumed residency in the area. Neither male
shared a haplotype with these two young females, and so it could be inferred that they were
related through the male lines. Hades, however, also had a maternal half-sister in the sub-site,
suggesting a degree of site-fidelity to his natal range.
Apart from the identified kinships discussed above, the overall level of relatedness between
unflanged males and the resident females within sub-sites was very low, and for two
unflanged males there was no evidence of close kinship with any females within the sub-sites
at which they were found. From these data it is suggested that four of the seven unflanged
males (including the two males for whom no kinships were identified within the sub-site, and
Romeo and Zeus for whom no maternal kin were identified within the sub-site) were
encountered away from their natal ranges and, thus, had already started to disperse from their
natal ranges; while two (Archimedes and Hades) were found within their natal range. The
evidence regarding Einstein is inconclusive. Thus, my hypothesis that some unflanged males
were within their natal range, and others not (hypothesis 3b) is supported by these results.
In addition to these unflanged males, another case to consider is that of former unflanged
males who have since flanged. Between the start of the orang-utan behaviour research project
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Table 6.9: Pairwise relatedness of Mozart, Salvador and Vulcan to the females at Setia Alam.

at Sabangau, in 2003, and the end of my fieldwork period in 2012, three previouslyunflanged males developed flanges - Mozart, Salvador and Vulcan. Mozart and Vulcan were
both found in the research area around the start of the project, and were followed
opportunistically for two and seven years, respectively, before the process of cheek-pad
development was observed to begin. Salvador, however, was first encountered in the research
area just two years before he flanged. None of these males have since shown any apparent
dispersal from the research area since becoming flanged males.
Examining the relatedness of these three males to the 13 females from the Setia Alam site
(Table 6.9), I found no close kinship relationships: the only pairs which had a relatedness
value over 0.1 were Mozart-Viola (0.13), Salvador-Aya (0.11) and Vulcan-Aya (0.11). From
the lack of genetic relatedness to the females in the area, it appears that these three males
were no longer in their natal range; thus, they must have already dispersed. From these data
we can conclude that some males disperse, and assume residency in a new area, at least seven
years before the development of their cheek-pads.

(B)

KINSHIP BETWEEN FLANGED MALES AND FEMALES WITHIN SUB-SITES

A similar examination of kinship between flanged males and females within sub-sites is
shown in Table 6.10; no kinships were identified between flanged males and females at subsites other than Setia Alam (which may be an artefact of smaller sample size), and for eight
other flanged males from Setia Alam not shown in this table, there was no evidence of close
kinship with females from the same sub-site. The relatedness of the flanged males shown in
Table 6.10 to other females within the sub-site was very low.
From these results we can see that most flanged males had either no kinship with females in
the same sub-site, or a couple of more-distant relatives at the level of cousins. Interestingly,
Aya, who is one of only two females sequenced from Setia Alam to have the otherwise-male-
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Table 6.10: Kinships between flanged males and females within Setia Alam sub-site. Hap =
mtDNA haplotypes, where known. Kinships are denoted Parent-Offs = parent-offspring; Sib =
sibling, H-Sib = half sibling; Uncle = uncle/aunt-niece/nephew; or Cousin for all more-distant levels
of kinship. Kinships which can be assigned to maternal or paternal lines are indicated M or P.

biased E haplotype, appeared frequently in the table as a cousin of some of these flanged
males.
Some closer kinships were, however, evident from these data. The pairwise relatedness of
Claudius-YF2, Fenser-Indy, Fenser-Potret, Hengky-Gretchen, Kandil-Potret, and Thor-Indah
were all consistent with a close kinship, such as half-sibling or closer. As discussed in
Section 6.3.4.1: Parentage, the pattern of genes in common between Kandil and Potret could
be consistent with a father-daughter relationship; the absence of positive LOD scores between
the other pairs is consistent with kinship of half-sibling or uncle/aunt-niece/nephew.
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For the individuals for whom mtDNA haplotype data exists, we see that all the relationships
(with the exception of those involving Aya) were between individuals of different haplotypes,
suggesting that the relationships were through paternal lines. From these data, there is no
evidence to suggest that these males were found within their natal ranges and, thus, we can
conclude that all the flanged males sampled at these sub-sites had already dispersed, which
supports my hypothesis that males undergo full dispersal from their natal range (hypothesis
2) and that dispersal occurs before flanging (hypothesis 3b). There is, however, evidence that
flanged males may encounter their paternal half-sisters outside of their natal range.

(C)

KINSHIP BETWEEN MALES AND FEMALES AT DISTANT SITES

The results of examination of kinship between unflanged males and females from different
sub-sites are shown in Table 6.11.
Archimedes had strong kinship to the level of sibling or half-sibling, with a female found at
Canal Unyil; the distance between their sampling sites was 1.3km. As these two individuals
have the same mtDNA haplotype, and the distance between their sampling sites is small,
these results are consistent with the theory established earlier in this section, that Archimedes
was found within his natal range.

Table 6.11: Kinships between unflanged males and females at different sub-sites. Hap = mtDNA
haplotypes, where known. Kinships are denoted Parent-Offs = parent-offspring; Sib = sibling, H-Sib = half
sibling; Uncle = uncle/aunt-niece/nephew; or Cousin for all more-distant levels of kinship. Kinships which
can be assigned to maternal or paternal lines are indicated M or P. Distances shown are mean distances
between sampling points of the male and the females within a sub-site with whom he shares kinship.
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It is suggested from the data that Romeo may also have been found quite near to the area
occupied by his maternal relatives. Adult Female 2, from an area east of Setia Alam,
appeared to be Romeo’s half-sibling or aunt/niece; they also had the same haplotype, which
suggests that they were related through a maternal line; as the distance between their
sampling sites was only 2.4km, it could be inferred that Romeo was not very far from the
range of his half-sister/aunt/niece and, thus, based on female dispersal patterns, also not very
far from his mother’s range.
Zeus, on the other hand, had two close relatives in the Tall Pole; the mean distance between
the site at which his genetic sample was collected and those of the two females in the Tall
Pole was 11.5km. The genetic results are consistent with half-sibling or uncle/auntniece/nephew relationships, but, unfortunately, the haplotypes of these two females are
unknown, and so it is not possible to ascertain whether they were related through the maternal
or paternal lines.
Conversely, an unflanged male who was sampled in the Tall Pole showed a degree of
relatedness to four females from within the Setia Alam sub-site, at a mean distance of 9.6km
from where he was found. It is suggested from his relatedness to Teresia that he could have
been her half-brother or uncle/nephew; again, however, haplotype data are lacking and so it is
not possible to determine whether these females were representative of this male’s natal
range.
Considering the data for flanged males (Table 6.12), I again found evidence of relatives at
the level of cousin for a number of these flanged males. Relationships consistent with halfsiblings were also found for five of these males; haplotype data only exist for two of these,
both of which indicated the relationship was through the paternal line.
Interestingly, Flanged Male 1 from the Tall Pole site showed a high degree of kinship with
Potret at Setia Alam (r = 0.5); this was consistent with a relationship of either full siblings or
parent-offspring. The LOD score from parentage testing for this pair of individuals was 2.74,
suggesting that they had common inheritance of some alleles, but not significant enough to
assign parentage with confidence (critical LOD scores: 5.22 and 8.13 for 80% and 95%
confidence, respectively); nevertheless, a parent-offspring relationship cannot be ruled out.
Unfortunately, the mtDNA haplotype of Flanged Male 1 is unknown, and so it is not possible
to say at this stage whether his relationship with Potret was through the male or female line;
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Table 6.12: Kinship between flanged males and females at different sub-sites. Hap = mtDNA
haplotypes, where known. Kinships are denoted Parent-Offs = parent-offspring; Sib = sibling, H-Sib = half
sibling; Uncle = uncle/aunt-niece/nephew; or Cousin for all more-distant levels of kinship. Kinships which
can be assigned to maternal or paternal lines are indicated M or P. Distances shown are mean distances
between sampling points of the male and the females within a sub-site with whom he shares kinship.

either way, the identification of two individuals with this level of kinship sampled 12km apart
has interesting implications for male orang-utan ranging:
(1) If these two individuals share the same mtDNA haplotype, then it is likely that Potret
was either the mother or the full sibling of Flanged Male 1. Assuming that female
home ranges are stable, and that daughters are philopatric in this population
(supported by my genetic analyses), then the implication is that Flanged Male 1 had
dispersed at least 12km from his mother’s range when I encountered him in the Tall
Pole.
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(2) If the mtDNA haplotype of these two individuals is different, then it is more likely
that Flanged Male 1 was the father of Potret. Taking, again, the assumption that
daughters are philopatric, this would indicate that Flanged Male 1 either maintained a
very large ranging area over at least 12km, or that his range had changed over time: in
theory he might have fathered offspring as an unflanged male whilst in the process of
dispersing, before settling in the Tall Pole area.
Thus, we can conclude from these limited data that some flanged and unflanged males had
kin in the form of half-siblings or uncles/aunts/nieces/nephews in other sub-sites within the
overall sampling area; for two unflanged males, I found evidence that some of these relatives
were on the maternal side, giving an indication of how far these males were located from
their presumed natal range; whereas for flanged males no evidence was found to confirm
maternal relationship. There was, however, a male-female pair 12km apart which was related
at the level of sibling or parent-offspring, all of which support my hypothesis that maledispersal distance should be sufficient to separate the male from females to whom he is
closely related (hypothesis 4).

(D)

KINSHIP BETWEEN MALES WITHIN SUB-SITES

The results of a kinship analysis of males within sub-sites are shown in Table 6.13. No
kinships were found in the limited data for sub-sites other than Setia Alam, which may be an
artefact of smaller sample size. From the kinships identified between flanged males and those
between unflanged males, we can see that, in addition to several cousin kinships, several
males shared relatedness to a level that suggests they were half-siblings or uncles/nephews;
Kandil, Fenser and Thor, in particular, seemed to have several such kin within the Setia Alam
sub-site. For pairs for whom mtDNA haplotype data exists, however, it is clear that the
relationship was on the paternal side rather than maternal. From the spatial distribution of the
population, as well as the uncertainty of paternity in a promiscuous society, it is highly
unlikely that an orang-utan would know his paternal half-siblings; thus, these results cannot
be interpreted as indication of a strategy by which males consciously dispersed in parallel
with their kin.
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The kinships between flanged and unflanged males again indicate a few relationships at the
level of half-siblings or uncles/nephews, but where haplotype data exist these were, again,
identified as kinships on the paternal side. The genetic relationship between Hengky and
Hades, however, was consistent with a father-son kinship, as discussed in Section 6.3.4.1:
Parentage. As there was no temporal overlap in the presence of these two males within the
Setia Alam site, there is no obvious benefit in terms of kin tolerance to be derived by a son
ranging in an area formerly occupied by his father.
Thus, we can conclude that there is no evidence of flanged or unflanged males occupying the
same sub-sites as other males to whom they are maternally related; there is, however,
evidence of half-brothers or uncle-nephew kinships, from the paternal line, between males
within the same sub-site. One father-son relationship was identified between males within the
same sub-site, but these males did not overlap temporally within the area.

Table 6.13: Kinship between males within Setia Alam sub-site. Hap = mtDNA haplotypes, where

known. Kinships are denoted Parent-Offs = parent-offspring; Sib = sibling, H-Sib = half sibling;
Uncle = uncle/aunt-niece/nephew; or Cousin for all more-distant levels of kinship. Kinships which
can be assigned to maternal or paternal lines are indicated M or P.
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6.4 DISCUSSION
6.4.1

EVIDENCE FOR DISPERSAL

Through genetic analysis, I found a higher level of relatedness between females than between
males across the whole area from which genetic samples were obtained (ca. 20,000ha).
Female-female relatedness was particularly high within smaller sub-sites (e.g. Setia Alam,
sampling area ca. 900ha), including identification of mother-daughter pairs at both Setia
Alam and the Tall Pole sub-sites, and more than half of the observed variation in female
mtDNA haplotypes was attributed to differences between sub-sites. Conversely, the
relatedness between males within sub-sites was similar to the overall male-male relatedness,
and the variance in male haplotypes was not influenced by sub-site.
Thus, it is suggested that there is clustering of closely-related females within the sub-sites,
whilst the male-male relatedness is more homogenous across the sampling area. These results
are, thus, consistent with a system in which females tend towards site fidelity and males tend
towards dispersal, confirming the reports from previous genetic research (Morrogh-Bernard
et al., 2011; Nietlisbach et al., 2012; Arora et al., 2012; van Noordwijk et al., 2012).
The only other orang-utan relatedness study across several different sub-sites was performed
by Goossens et al. (2006); they found mean relatedness values were higher within the
resident population of the core study area (ca. 400ha) than they were over the larger sampling
area, which mirrors the results from my analyses. Mean relatedness estimates were similar,
however, for both sexes and for both flanged and unflanged males; thus, they concluded that
dispersal and philopatry operate equally in both sexes; this conflicts with the conclusions in
this study and those of other authors (Morrogh-Bernard et al., 2011; Arora et al., 2012).
Arora et al. (2012) found that relatedness estimates were higher within females of the same
haplotype than those of the whole female sample population, whereas males showed no
difference in relatedness based on haplotype, or across the whole sample population. The
evidence of these clusters of related females supports the “petal hypothesis” proposed by
Morrogh-Bernard (2009) and field observations reported from elsewhere (Rodman, 1973;
Mitani, 1989; Galdikas, 1995; Singleton and van Schaik, 2002).
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6.4.2

AGE AT WHICH DISPERSAL OCCURS

From analysis of mean relatedness estimates, there is an apparent difference in the degree of
dispersal of flanged and unflanged males. Across the whole sampling area, females were
more related to unflanged males and less related to flanged males; this effect was magnified
when considering smaller sub-sites, such as the Setia Alam research site. From analyses of
relatedness over distance, it was revealed that flanged males were less related to the females
in close proximity to them compared to those further away; for unflanged males, the reverse
was true: they showed more relatedness to females nearby than to those at a greater distance.
This pattern is consistent with a system in which the flanged males have dispersed far from
their natal range, whilst the unflanged males have either dispersed shorter distances or are
showing some degree of site fidelity.
There are, however, two further theories which might explain the difference in relatedness of
flanged and unflanged males to the females resident in an area. The first is based on the
hypothesis that, once independent from their mothers, male orang-utans gradually expand the
area in which they range, including their natal range, rather than performing full dispersal
away from their natal range, as considered in hypothesis 2 (Mitra Setia et al., 2009). Under
these conditions, a large proportion of the range of an adult male would be in areas occupied
by females to whom he was not closely related; this effect may be more marked in flanged
than unflanged males, if flanged males have expanded their ranges to a greater degree.
From my findings on home range size (Chapter 5: Home Range), it is not possible to compare
definitively the home ranges of flanged and unflanged males, as it is likely that all estimates
to date represent minimum sizes rather than accurate measurements; thus, it is not currently
possible to examine the hypothesis of range expansion through such a comparison. It would
be expected, however, if range expansion occurs instead of full dispersal, that with a
sufficient proportion of the resident orang-utan population sampled, some flanged males
should be found within the ranges of maternally-related females. From orang-utan population
and density surveys, Husson et al. (in prep.) suggests that the orang-utan population in the
sampling area was ca. 185 individuals in 2013, up from 119 in 2001; thus, my sample size of
64 individuals represents about one third of the population. From my results, the absence of
close maternal kin within a sub-site for any flanged male sampled infers that the range
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expansion hypothesis is unlikely; ongoing genetic sampling and analysis from this site will
lend greater insight on this topic.
The second possible explanation for different levels of male-female relatedness for flanged
and unflanged males relates to aging and mortality. From captive data, and based on a
generation time of 24 years (Wich et al., 2009), it is estimated that, for a flanged male aged
20-40 years, the survival rate for his female relatives of a similar age (siblings and first
cousins) would be 20 – 60%, whilst his older maternal relatives (mother and aunts) would
have a survival rate of 0 – 20%. Conversely, for an unflanged male aged 15-20 years, the
survival rate for his sisters and female first cousins would be 60-70%, and for his mother and
aunts 20-30%. Thus, overall, unflanged males are likely to have more surviving close female
kin than flanged males.
This effect may be more marked in Sabangau due to the forest disturbance, which occurred
during the three decades before the start of the behavioural project, in which the area was
logged initially through a logging concession (1970s to 1997), and later by uncontrolled
illegal logging (1997 to 2003; see Chapter 2: Methods). Such forest disturbance can lead to
mass migration of orang-utans away from a forest area (MacKinnon, 1971) and consequential
“refugee crowding” (Rijksen and Meijaard, 1999; Russon et al., 2001; Ancrenaz and
Lackman-Ancrenaz, 2004; Marshall et al., 2006; Husson et al., 2009). This effect was
recorded in Sabangau as a dramatic reduction in orang-utan densities in the mixed peatswamp forests between 1996 and 1999, with a corresponding inflated density in the adjacent
low-pole forest, which did not suffer the same logging pressure (Morrogh-Bernard et al.,
2003; Husson et al., 2009). As the displaced population exceeds the carrying capacity of the
forest areas into which they have moved, this crowding can lead to a population crash, known
as the “compression effect”, as there are insufficient food resources to support the resident
and displaced population (Husson et al., in prep.).
This compression effect is likely to have had a disproportionate impact on adult female
orang-utans in the population, compared to males and adolescents (Felton et al., 2003). This
is partly because of the additional nutritional requirements of an adult female during
pregnancy and lactation, and partly due to their poor capability to travel through logged forest
and discontinuous canopy (Galdikas, 1988; Rao and van Schaik, 1997; Felton et al., 2003). In
Sumatra, the effects on females are even greater, as they are less likely to move away from
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their established range and, thus, are more susceptible to hunting or stress-induced disease
related to the habitat disturbance (van Schaik et al., 2001).
Thus, during the period in which this forest was being logged, the mortality of adult females
in the Sabangau population may have been higher than that reported in captive populations;
temporally, this is likely to have affected the close female relatives of flanged males, being
older, compared to those of the younger unflanged males. Furthermore, Husson et al. (in
prep) suggest that the slow increase in orangutan densities may be due, in part, to a net
immigration of mature males from other areas due to continued forest shrinkage at the
landscape level. These flanged males would therefore be less-closely related to the females in
the area than the unflanged males, which may be still forming or expanding their homeranges.
Analysis of mitochondrial haplotypes allowed me to consider the question of dispersal age
from the perspective of maternal lines. I found that, almost exclusively, flanged males had
different haplotypes from the resident females at the sub-site at which they were sampled; the
exception was a young female and an unknown adult female within the research area that had
haplotype E, which was the same as a number of flanged males in the area.
Of the unflanged males sampled, mitochondrial sequences were obtained for only three. One
of them, Archimedes, had the same haplotype (A) as most of the resident females in that subsite, whilst the other two unflanged males were both haplotype E, which was mostly found in
flanged males, but also in two females (see above). Three adolescent males were also
sequenced: two of them are likely to have been pre-dispersal and still in their natal range, as
their haplotypes were otherwise only found in females, whilst the third was also haplotype E.
The theory that males disperse as unflanged males is, thus, supported by these observations of
haplotype distribution.
As well as sharing the haplotype of resident females, Archimedes displayed strong kinship
relationships to six of the 13 females within the research site. From this it is suggested that,
despite achieving sexual maturity as an unflanged male, he showed at least some site fidelity
to his natal area. Archimedes was not, however, encountered between April 2010 and the end
of my fieldwork period in October 2012; this may indicate that he has now dispersed from
this area, after a long period of site fidelity.
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Hades, another unflanged male, was generally unrelated to the resident females apart from
two young females, one identified as his paternal half-sister and the other as a maternal halfsister. This suggests that he, too, was showing some site fidelity.
A young unflanged male, Einstein, was closely related to a female within the same sub-site,
who may be his sibling or mother; he did not, however, have strong relatedness to other
females in the area although his haplotype (B) was found in an adult female and an
adolescent male at the same sub-site; it is, thus, unclear whether or not this area represents his
natal range. Four other unflanged males did not show evidence of maternal-kinship with
females in the sub-site, suggesting they were encountered outside of their natal range.
At Setia Alam, three males, which assumed residency in the research area as unflanged
individuals, have subsequently developed their secondary sexual characteristics and remained
within the vicinity. One of these males was observed regularly at the research site for seven
years prior to developing flanges. From pairwise relatedness estimates, no significant
relatedness to other individuals within the research site were found, which implies that they
are all post-dispersal, as would be expected of flanged males in an area. Furthermore, it is
indicated that dispersal may occur up to seven years prior to developing secondary sexual
characteristics, whilst males are still unflanged.
From previous work on the age at which male orang-utans disperse, varied results have been
produced from different sites. At Tuanan, van Noordwijk et al. (2012) identified a young
male (< 15 years) that was highly-related to a female in the area, but was fully independent:
he was never seen associating with his assumed mother. Furthermore, four unflanged males,
also regularly found within the research area, had haplotypes foreign to those of all the
sampled parous females. Thus, the authors concluded that males tended to disperse from their
natal ranges as adolescents.
From research in the Kinabatangan, Goossens et al. (2006) found mothers for three unflanged
males within the site, and so concluded that males may delay dispersal until they are large
unflanged adults. They suggest, however, that the highly-fragmented and compacted
condition of the forest may also have a strong influence on their results.
Thus, it is possible that the age of dispersal varies between study populations, based on
external factors, but from my genetic analyses, it appears that, in Sabangau, dispersal of male
orang-utans occurs whilst an individual is still unflanged.
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6.4.3

DISPERSAL DISTANCE

The distance over which males disperse was investigated by comparing genetic and spatial
distance between groups of individuals. As distance between individuals increased, femalefemale relatedness decreased, whilst male-female relatedness increased, such that at a
distance of over 12km, relatedness of female dyads and of male-female dyads was
approximately even. Although haplotype data were incomplete, no evidence was found to
confirm maternal relationship between flanged males and half-sisters/aunts/nieces identified
at other sub-sites. There was, however, a male-female pair 12km apart who were related to
the level of sibling or parent-offspring, supporting the theory that male ranging or dispersal
may reach, or even exceed, 12km. Thus, my results are consistent with a dispersal distance of
at least 12km for flanged males.
Previous work on long-distance dispersal of sex-based Y-chromosomes and mitochondrial
markers suggested that male Bornean orang-utans disperse around four times as far as
females (Nietlisbach et al., 2012), but accurate quantitative estimates of dispersal distances
are extremely difficult to construct and are, thus far, lacking.

6.4.4

DISPERSAL STRATEGY

Thus, through assessment of the genetic data, the dispersal of male orang-utans in Sabangau
occurs once the individual is already sexually mature, but before they develop secondary
sexual characteristics.
As reported in many other mammal species, male dispersal is often driven primarily by the
desire to find suitable, unrelated females with which to reproduce (Murray, 1967). Unflanged
male orang-utans, who can achieve paternity (Utami et al., 2002; Goossens et al., 2006),
often exhibit increased sexual behaviour and are generally observed mating more often than
flanged males (see Chapter 3: Dominance). As such, dispersal is necessary to avoid
inbreeding.
In general, it is suggested from the results of my genetic analyses that the dispersal strategies
used by male orang-utans in Sabangau are effective from the perspective of avoidance of
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inbreeding. The overall male-female relatedness within a sub-site was lower than the overall
male-female relatedness across the sampling area, and from the distribution of mtDNA
haplotypes it seems that adult males and females of the same maternal lines were spatially
separated. There was, however, evidence that both flanged and unflanged males could
encounter paternal half-sisters outside their natal range.
An individual’s dispersal from their natal range is thought to be costly, at least initially, as
they must move into areas of unfamiliar food resources and less-related individuals (Waser
and Jones, 1983). From my data, there was no evidence of maternally-related males
dispersing to the same sub-sites, but some paternally-related males were found within subsites. From the spatial distribution of the population and the uncertainty of paternity in a
promiscuous society, it is highly unlikely that an orang-utan would know his paternal halfsiblings; thus, it is uncertain that these kinships would result in tolerance between males.
Morrogh Bernard et al. (2011) propose that site fidelity could be a strategy used by unflanged
males to cope with periods of low fruit availability: in returning to their natal range, they
have prior knowledge of the area and, presumably, related individuals would show less
aggression towards them. This could explain the close kinship observed between Cleo, an
adult female and Archimedes, a mature unflanged male, as they seem to be adult siblings and
he was seen from time to time in the research area over a long period. Future work could
identify if those unflanged males most closely related to females in the research area
synchronise their presence to periods when food resources are limited.
For flanged males, however, partial site fidelity would not be a solution to this challenge: the
energetic and reproductive costs of travelling back to a natal area, as well as the risk of
confrontation with other flanged males in his former natal range, are likely to be too great for
a flanged male; furthermore, a flanged male is more likely to be able to command access to
resources in the area in which he resides.
It is possible that, in addition to the initial dispersal from his natal range, a male orang-utan
undergoes further dispersal later in life. This “secondary dispersal”, or “breeding dispersal”,
has been reported for several primate species, including Japanese macaques (Macaca fuscata;
Sugiyama, 1976; Sprague, 1992), vervet monkeys (Cercopithecus aethiops; Cheney and
Seyfarth, 1983), and white-faced capuchins (Cebus capucinus; Jack and Fedigan, 2004b) as
well as other mammalian taxa (Greenwood, 1980; Pusey and Packer, 1987b).
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This process, by which sexually mature males transfer to other groups is thought to help
avoid inbreeding with maturing daughters in the area, as found for lions (Pusey and Packer,
1987b). It may also improve a male’s reproductive success, as he may be in a better physical
state to exert dominance over a new area, compared to when he first dispersed from his natal
range, and thus gain access to receptive females (Sprague, 1992; Jack and Fedigan, 2004b).
Sugiyama (1976) suggested that, for male Japanese macaques, this nomadic state may be an
important strategy for adult males, who rarely stay with a troop for more than 10 years.
From my genetic analyses, the paternity identified between Hengky and Hades would be
consistent with this theory. Hengky was a large flanged males who showed dominant
behaviour in the area prior to 2005; Hades, whose mitochondrial haplotype was different to
that of the resident adult females, was encountered in the Setia Alam area as a large
unflanged male in 2010. Thus, if Hengky was the father of Hades, it supports a theory that
Hengky had successfully bred in another area of the forest at least ten years prior to
exercising dominance in the Setia Alam area. This theory could also explain why no
paternities could be assigned for the offspring born before the start of the sampling period:
the fathers may have since dispersed away from the area, and thus were not part of the
sampled population. The high proportion of transient flanged males encountered in the area
would also be consistent with the theory that flanged males adopt a non-resident strategy at
points during their adult life.
Thus, the theory that flanged male orang-utans may engage in secondary dispersal is
supported by my results; this may be partly to avoid mating with maturing daughters, and
partly to maximise their reproductive success by moving to areas in which they can achieve
higher dominance rank or in which they have access to more receptive females. This theory
will be discussed further in Chapter 7: Conclusions.
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6.5 SUMMARY
1. It is suggested from the genetic data that, in the orang-utan population at Sabangau,
males are the dispersing sex whilst females are philopatric. The overall relatedness
between females is higher than between males, and when considering smaller subsites, female relatedness increases further while male relatedness remains stable. More
than half of the observed variation in female mtDNA haplotypes was attributed to
differences between sub-sites, whereas no influence of sub-site was found for males.
2. There is evidence that, in Sabangau, male orang-utan dispersal occurs while the
individual is unflanged. Females are more related to unflanged males and less related
to flanged males; this effect is magnified when considering smaller sub-sites. At least
four of the seven unflanged males sampled were found outside of their natal ranges,
and all flanged males sampled had already dispersed. Some males dispersed at least
seven years before the development of their cheek-pads, whilst others remained
within their natal range as large, unflanged males, for many years.
3. Flanged males are less related to females in close proximity to them than those further
away, while the reverse is true for unflanged males. This effect gradually decreases as
the distance between individuals increases, and ultimately plateaus when the distance
between individuals is about 12km. I also found a male-female pair 12km apart who
were related to the level of sibling or parent-offspring, supporting the theory that male
ranging or dispersal may reach, or even exceed, 12km.
4. It appears, from mtDNA haplotype distribution, that the dispersal mechanism is
effective at keeping adult males and females of the same maternal lines spatially
separated: most haplotypes were either female-specific or male-specific within a subsite. Nevertheless, I found evidence that both flanged and unflanged males may
encounter their paternal half-sisters outside of their natal range.
5. There is no evidence of flanged or unflanged males occupying the same sub-sites as
maternally-related male kin, but I found paternal half-brothers, uncles or nephews
within the same sub-site. One father-son relationship was identified between males
within the same sub-site, but these males did not overlap temporally within the area.
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7 CONCLUSIONS
7.1 INTRODUCTION
More than four decades have passed since the first studies of orang-utan behaviour, but the
orang-utan’s non-gregarious and cryptic nature has inhibited the collection of vital information
pertinent to understanding the orang-utan’s complex social organisation.
Besides establishing that male ranges are larger than those of females across all research sites,
male ranging behaviour in Borneo had not been investigated in any study, nor had a reliable
estimate of range size been established, since male ranges generally extend further than the
boundaries of most study areas. Little was known of their long-term movements, particularly
regarding dispersal, site fidelity or the influence of social factors on ranging behaviour. It has
been confirmed in recent genetic studies that, unlike the other great apes, male orang-utans
disperse away from their natal range, but further details of the dispersal process remained
unclear. The two highly-dimorphic sexually-viable male forms were thought to represent
alternative reproductive strategies, with unflanged males actively seeking out females, and
flanged males travelling slowly and calling to attract females to them, but the impact of these
strategies on ranging patterns had not been examined in detail.
Thus, the main aim in this study was to investigate male Bornean orang-utan ranging
behaviour, in order to improve our understanding of the mating system mechanics in this
species. To do this, I collected data over two years (October 2010 to October 2012) on male
ranging, including extended follows outside the research area, remote-site trips, and noninvasive collection of faecal samples for genetic analysis. Evaluation of the long-term orangutan behavioural data at Sabangau from 2003 to 2012 enabled me to consider the topic of
dominance amongst male orang-utans and its influence on sociality (Chapter 3). I then
incorporated these social data with behavioural observations and spatial data to evaluate
aspects of day range (Chapter 4) and home range (Chapter 5) of male Bornean orang-utans.
From genetic analysis of faecal samples, in collaboration with the Evolutionary Genetics
Group at the University of Zurich, I evaluated relatedness between individuals in the
population and examined aspects of male orang-utan dispersal (Chapter 6).
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In this chapter, I summarise my main results and consider what these aspects of male ranging
behaviour can tell us about the mating-system mechanics of the Bornean orang-utan, in
particular the alternative reproductive strategies of flanged and unflanged males, the tactics
employed by different classes of flanged male, and the role of the long call in female mate
choice and male competition.

7.2 SUMMARY OF MAIN RESULTS
7.2.1

DOMINANCE

Through examination of data relating to observed confrontations, long-calling behaviour and
presence of flanged males at the Setia Alam research area, I was able to classify males
according to their apparent dominance rank at various times during the 2003-2012 data period.
Dominance in Sabangau changed frequently; the normal period of tenure appeared to be
between six months and two years, but some formerly-dominant males apparently reestablished dominance following a period of absence or after being defeated. The rate of malemale encounters was not even throughout the study period: there were periods of intense
confrontation followed by months during which either very few or no encounters were
observed.
Whenever there was a shift in the dominance, a large number of previously-unseen males were
encountered within the area, displaying strong long-calling behaviour; some of these took up
residence and appeared to challenge the dominance hierarchy; others were transient and
encountered only a few times. It is not clear what cues attracted these unknown males to the
research area during these times. In some species, males roam into other males’ territories
when females are ovulating (Gehrt and Fritzell, 1998), but there is no evidence from our
analyses to suggest that the dominance shifts between flanged males in Sabangau coincided
with periods of high female receptivity. It is more likely that the number and quality of long
calls emitted from males in the research area would convey information regarding the social
dynamic and relative strength of the males in the area. The role of the long call as an ‘honest
signal’ is discussed later in this chapter.
226

Chapter 7: Conclusions
I found that the flanged males that successfully chased off opponents in encounters, were
generally also the individuals who long called at the highest rates and responded to the most
long calls from other males. These findings are consistent with the role of the long call in male
spacing, or mediating intra-sexual competition.
Male-female sociality varied depending on male class and dominance rank. Unflanged males
encountered females more frequently than flanged males; within the flanged males, those of
dominant and challenging status encountered females more frequently when their long-call rate
was higher, but this was not the case for non-dominant and transient males. This is consistent
with a function of the long call being to attract females, and lends evidence to the theory that
the long call contains additional information from which a female is able to discern a male’s
identity or social standing, and respond accordingly.
Once encountered, transient males that maintained significantly-longer associations with the
female than resident males, but within the other social ranks dominant males had longer
associations than challenging males, who, in turn, had longer associations than non-dominant
males. Longer associations were associated with higher long-call rates, both before and during
the encounter; this effect was strongest for challenging males. Thus, I propose that the long call
also serves a function to retain a female once an association has been established.
There was individual variation between flanged males in their strategy for being present in the
area when females are receptive; but the strategy adopted is not directly linked to their apparent
dominance status. Half of the observed matings between flanged males and females involved
dominant males, while the rest predominantly involved transient males; but almost twice as
many observed matings involved unflanged males rather than flanged males.

7.2.2

DAY RANGE

The physical and strategic differences between flanged and unflanged males were reflected
strongly in day-range parameters. Flanged males, with their large cumbersome body size,
travelled shorter distances each day (mean daily path length 1072m) than the smaller, more
agile unflanged males (mean daily path length 1414m), consistent with the energetic costs
associated with the dramatic secondary sexual characteristics of the flanged male. Unflanged
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males also travelled at higher speeds than flanged males, consistent with the theory that
unflanged males are able to take evasive detours to avoid a larger male, whilst remaining
within an area; compared to flanged males who are somewhat less agile.
It has been suggested that flanged males in Borneo, being more terrestrial than in Sumatra, may
not suffer the same constraints to movement and, thus, that the differences between flanged and
unflanged male ranging and diet may not be as pronounced as seen in Sumatran studies (van
Schaik et al., 2009). I found, however, that the mean travel speeds of flanged and unflanged
males in Sabangau were comparable to data from Sumatra; as such, my results do not lend
support to the theory that there are significant inter-island differences in flanged male mobility.
In order to understand the mechanics of day ranging behaviour, I investigated the motivating
factors that might influence the day range, specifically in relation to fruit availability, diet
composition, and social factors. Although weather and season parameters were tested in the
models, they did not contribute to any of the day-range models.
As discussed in Chapter 4: Day Range, two ecological strategies have been proposed for orangutans with regards to their energy balance and available food resources: the ‘sit-and-wait’, or
energy-conservative strategy, which is thought to be adopted by orang-utans in masting forests,
in which fruit availability is very low outside of the masting events; and the ‘search-and-find’
strategy, proposed for orang-utan populations where fruit availability is higher, such as in
swamp forests or those with an abundance of figs (Morrogh-Bernard et al., 2009).
My findings were consistent with the hypothesis that male orang-utans in Sabangau operated
an energy-conservative strategy, characterised by restricted day ranges, slower travel and less
time spent travelling, when their diet comprised a greater proportion of supplementary foods,
such as foliage. These results are correlated with those of other orang-utan studies on Borneo
(Galdikas, 1979; Galdikas, 1988; Knott, 1999), in which the ‘sit-and-wait’ strategy was
employed at times of low fruit availability; similar findings have been reported for other
primate species (Chivers, 1974; Mitani and Rodman, 1979; Dasilva, 1992; Rogers et al., 2004).
The implication of these findings, in the light of the alternative strategies proposed by
Morrogh-Bernard et al. (2009), is that the fruit availability in Sabangau, despite being a
homogeneous peat-swamp forest, was insufficient to support the ‘search-and-find’ strategy
thought to apply to these habitats.
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From my results, it is suggested that this energy-conservative strategy was also applied at times
when the diet contained a high proportion of fruit. Thus, I found no evidence that male orangutans increase their day range in order to search for preferred food items, even at times when
there is sufficient fruit for an adequate energy intake. Combined with the lack of significant
correlation between fruit availability and day range, I concluded that the homogeneity of the
Sabangau forest, and relative stability of fruit availability throughout the year, may result in
little benefit to a male in travelling further to search for preferred food items, as has been
proposed for peat swamps (Morrogh-Bernard et al., 2009).
It is possible that factors other than food availability were operating a greater influence on male
ranging decisions, while the balance of energy intake and expenditure were simply a product of
the food accessible in the immediate vicinity of his chosen path. This approach has been
suggested for Sumatran flanged males by other authors (van Schaik et al., 2009), on the basis
that flanged males may be less selective regarding diet than unflanged males, and thus benefit
from reduced energy expenditure in foraging. As interactive terms between male class and diet
components did not contribute to my ranging models, there is no evidence that this approach is
limited to flanged males in the Sabangau, but rather, it may apply to both male morphs in this
population.
Social factors between males also influenced day range parameters. Transient flanged males
travelled fastest when producing fewer long calls, consistent with a strategy of trying to pass
undetected through the range of a more dominant male; and non-dominant males had greater
overall nest displacement when producing more long calls, suggesting that the long call has a
strong role in male spacing for this social rank.
Despite their infrequent associations, there was a significant effect of females on male ranging
parameters. Flanged-male travel time, already lower than that of unflanged males, reduced
further in times of greater female receptivity. This is in support of the mating strategies
described by other authors, who term the approach of unflanged males as “search-and-rape,”
versus the “sit-call-and-wait” strategy employed by flanged males. Furthermore, while the “sitcall-and-wait” strategy of flanged males has been proposed by other authors on the basis of
field observations (Utami Atmoko and van Hooff, 2004), to my knowledge, my results
represent the first evidence of a significant change in flanged-male ranging behaviour, to
become more sedentary when resident females are sexually receptive.
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Encounters with females led to increased daily-path lengths, faster travel speeds and more
sinuous routes, which is correlated with the expectations arising from the ecological-constraints
model, from which it is predicted that, under conditions where food resources may be depleted,
a larger group will need to increase their daily travel distance to ensure that each member
fulfils their dietary need (Clutton-Brock and Harvey, 1977a; Wrangham et al., 1993; Chapman
and Chapman, 2000, Gillespie and Chapman, 2001), and are in line with the results reported
from other studies on orang-utans (Galdikas, 1988; Mitani, 1989) and other primate species in
which solitary ranging or fission-fusion structure is reported (chimpanzee, Pan troglodytes:
Chapman et al., 1995; greater galago, Otolemur crassicaudatus: Clark, 1985; mountain gorilla,
Gorilla gorilla beringei: Yamagiwa and Mwanza, 1994; spider monkey, Ateles geoffroyi:
Chapman et al., 1995). The exploitation competition on which this theory is based is
considered to be the main driving factor for the semi-solitary or highly-dispersed social
structure of the orang-utan (van Schaik, 1999; Harrison and Chivers, 2007), and the higher
levels of orang-utan sociality observed in highly-productive Sumatran habitats, compared to
those on Borneo (Utami et al., 1997).
My findings of increased daily-path length and travel speed related to female encounter,
however, did not show a time-dependent relationship with the length of the association; as
such, the ecological-constraints model, based on the food intake necessary to support all
members of a party, does not fully explain this behaviour. Similar results have been reported
from other orang-utan studies (Galdikas, 1988) and in solitary mountain gorillas (Yamagiwa,
1986). It is possible that the association with a female, however brief, triggered increased
ranging behaviour in the male, which could be motivated by social factors (e.g. avoidance of
other males who might be approaching the female) or ecological factors (e.g. foraging).
It may also be the case that some of the energetic costs of longer associations are not expressed
in increased day-ranging behaviour and foraging at the time of the association, but are borne by
the individual and offset by greater foraging effort another day. From previous studies on
orang-utan energetics in Sabangau , it has been identified that flanged male orang-utans, in
particular, often have to bear the costs of negative energy balance as a result of poor energy
intake (Harrison et al., 2010); thus, it is likely that they also have the capacity to tolerate these
additional costs for a short period, drawing on their body reserves.
It is possible that flanged males had to increase their day range in order to maintain the
association, as female day ranges are generally longer than those of flanged males; further
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analysis of female day ranges from Sabangau using comparable methods is needed in order to
elucidate this further. For unflanged males, however, longer day ranges are reported in most
studies than for females; thus, the fact that unflanged males also had increased daily-path
length from encountering a female may indicate that the presence of the unflanged male
disturbed the female, leading to an increase in travel for both parties. This would be consistent
with the unflanged male strategy to seek-out, harass and hope to mate with resident females.
Thus, it would seem that, in the Sabangau population, day-range parameters for both flanged
and unflanged males were strongly correlated with sociality with females, but not with fruit
availability. From this, it is suggested that male ranging behaviour is driven by access to
females rather than food supply (Mitani, 1989), which follows the theory that females are the
ecological sex (Trivers, 1972). Nevertheless, as demonstrated earlier, male orang-utans in this
population operate an energy-conservative strategy, indicating that the distribution of food in
the habitat is still a limiting factor on their ranging, and hence the maintenance of their
dispersed social structure (van Schaik, 1999; Harrison and Chivers, 2007).

7.2.3

HOME RANGE

In investigating the home range size of male Bornean orang-utans, I established that it is
necessary to encounter or follow individuals outside an area of the size normally used for
orang-utan behaviour research (ca. 400 ha) in order to avoid significant limitations on home
range estimates; this finding is in support the suggestion of Singleton and van Schaik (2001),
that “we may consider the home ranges estimated by studies that are not very intensive, short,
or restricted to a small area, to reflect core areas, as opposed to complete home ranges.”
Even for individuals for whom such follows are conducted, it is impossible from field
observations to ensure that every part of an individual’s range has been recorded and, as such,
any estimate produced from field observations should be considered a minimum. Nevertheless,
I ascertained that, in Sabangau, some flanged males have home ranges of at least 4050 ha
(mean 1903ha) and some unflanged males of at least 2250ha (mean 2008ha). These estimates
of home-range size are larger than any published data for male Bornean orang-utans.
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From fruiting patterns and orang-utan density estimates, both of which are lower in Borneo
than in Sumatra (Husson et al., 2009), it would be expected that male orang-utans in the
Sabangau peat-swamp would have a larger home ranges than those in Suaq Balimbing, where
similar methods were employed in Singleton and van Schaik’s (2001) study. My results for
flanged males were comparable to their reported results, and my results for unflanged males
were larger. It is possible that this difference represents a true difference between the
populations, based on the distribution of food and females in the habitat; as noted previously,
however, these results must be considered minimum range-size estimates, and it is possible that
the results from both studies could be underestimates of the true home-range size.
There was a high degree of spatial overlap in the ranges of the males, with some areas of the
research grid being used by all males (both flanged and unflanged) included in the home range
analysis. There was evidence of individual variation in the degree of overlap, however: whilst
the mean overlap between pairs of flanged males was 52%, some males maintained much
lower mean levels of overlap with other males; one individual appeared to avoid the range of
another male entirely. From evaluation of the home ranges of flanged males in three sections of
the study period, I demonstrated shifts, contractions and expansions of ranges, with apparent
spatial divisions occurring between distinct groups of males during each two- to four-year
period; the flanged males exhibiting the most dominant behaviours in each period were
positioned on opposing sides of the boundary.
While Suzuki (1989) reported that male orang-utan ranges seemed to share common
boundaries, there are only two detailed reports in the orang-utan literature of range boundaries
between male orang-utans, each of which was based on field observations of two flanged males
(Rodman, 1973; MacKinnon, 1974). My findings lend additional support to these observations,
including the observation that other flanged males may range on both sides of the supposed
barrier (MacKinnon, 1974). It is suggested, however, from the results of my analyses, that
these boundaries may not be permanent, but rather a transient response to the social dynamic
occurring at the time.
Shared boundaries between individuals or groups have been reported for several solitaryforaging species in the literature. Male raccoons (Procyon lotor), whether solitary or part of a
small, dispersed group, have been shown to have less than 15% range overlap with other males
or groups of males; this level of overlap increases in the spring, when females in adjacent
territories begin to ovulate (Gehrt and Fritzell, 1998). Dusky-footed woodrats (Neotoma
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fuscipes) similarly have low levels of home-range overlap between males (< 15%) but their
overlap with female ranges is increased during the reproductive season (Cranford, 1977).
From socio-ecological theory, it is predicted that male ranging is predominantly determined by
the distribution of fertile females (Eberle and Kappeler, 2002; Clutton-Brock, 1989; CluttonBrock and Parker, 1992). From previous studies on Sumatra, it has been suggested that flanged
male orang-utans may concentrate their ranging in areas in which females are receptive
(Singleton and van Schaik, 2002; Utami Atmoko et al., 2009a). This has not been reported
from Bornean studies (Galdikas, 1985a; Utami Atmoko et al., 2009a) and, from evaluation of
male home-range overlap with the ranges of receptive females, I found no evidence to suggest
that dominant males concentrate their ranging in the vicinity of receptive females.
The intricate dynamics of home-range overlap between male orang-utans and other males and
females are difficult to assess fully on the basis of field observations: accurate evaluation
depends on a large number of data-points for both parties, which take time to accrue, and social
dynamic can change relatively quickly. Thus, until more accurate telemetry methods can be
used, conclusions based on these findings must be tentative.
Using estimates of female home range published by Morrogh-Bernard (2009) in conjunction
with the estimates of male home range resulting from my analyses, I produced several models
of male and female home-range overlap based on the variation in home range estimate
generated by different methods. It is suggested that a flanged male could encounter between 7
and 69 females within his home range, and an unflanged male between 11 and 39 females.
With an estimated inter-birth interval of 7.5 years (Wich et al., 2004), it is therefore reasonable
to assume that both classes of male orang-utan would theoretically have access to cycling
females in most years, provided that the reproductive cycles of the females were not
synchronised.
Given that flanged males are very intolerant of one another, temporal segregation is likely to be
an important aspect of home range use. No male was recorded within the research area every
month throughout the nine-year data period and, on average, 2.55 flanged males and 2.23
unflanged males were encountered each month within the study area. These data are correlated
with those from Tuanan, also in Central Kalimantan, from where a higher mean number of
flanged males than unflanged males is reported (Dunkel et al., 2013), but our figures are lower
than theirs, which may indicate a lower density of males in Sabangau. In contrast, in studies
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from Sumatra higher numbers of unflanged males than flanged males are reported (Utami
Atmoko et al., 2009b), which has been attributed to higher instances of developmental arrest in
Sumatran orang-utans (Dunkel et al., 2013).
By categorising males as resident, occasional visitors and transient visitors, I established that,
overall, a greater proportion of unflanged males appeared to be resident than flanged males
(11% of flanged males, 26% of unflanged males). This supports the theory that unflanged
males are better tolerated by resident flanged males than other flanged males, as reported by
other authors (Schürmann, 1982; Galdikas, 1985b; Mitani, 1990; van Schaik and van Hooff,
1996). Most males, however, were classified as transient (71% of flanged males, 68% of
unflanged males), as they were only seen on one or two occasions as they apparently passed
through the area.
As the distribution of males is determined by the availability of fertile females (Eberle and
Kappeler, 2002; Clutton-Brock, 1989; Clutton-Brock and Parker, 1992), it would be expected
that the number of male orang-utans in an area is correlated with the number of resident
receptive females. Regarding overall number of males encountered in the research area each
month, I found a significant correlation with fruit availability, but no correlation with female
receptivity.
There were mixed results from this aspect of male ranging in previous studies: my findings are
consistent with the reports of te Boekhorst et al., (1990) from Ketambe; whereas from other
studies, it is suggested that the number of flanged males correlated positively with the number
of reproductive females at the same site (Mitani, 1985c; Mitani, 1985d; Utami Atmoko,
2000).From other studies at Sumatran sites, dominant males are reported to concentrate their
ranging in the area where receptive females are temporarily common, and move elsewhere
when the resident females are no longer receptive; whereas other males show the opposite
pattern, apparently avoiding the dominant male (Singleton and van Schaik, 2002; Utami
Atmoko et al., 2009b); it has also been noted that females within an area may have
synchronised reproductive cycles (Mitani, 1985c; Mitani, 1985d; MacKinnon, 1989). Thus, it
is possible that the mixed results from different studies are a product of the distribution of
female receptivity during each study period, in areas where female reproductive synchrony
occurs.
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7.2.4

RELATEDNESS AND DISPERSAL

From microsatellite and mitochondrial genetic analysis of faecal samples, collected at the Setia
Alam research site and several further sub-sites within the area, I can confirm that, in
Sabangau, males are the dispersing sex whilst females are philopatric. There is evidence of
clustering of closely-related females within the sub-sites, whereas male-male relatedness is
more homogenous across the sampling area. The findings of other authors are supported by my
results, that the individual-based fusion-fission society of orang-utans operates on a system of
female philopatry and male dispersal (Rodman, 1973; Mitani, 1989; Galdikas, 1995; Delgado
and van Schaik, 2000; Singleton and van Schaik, 2002; Knott et al., 2008; van Noordwijk et
al., 2009; Morrogh-Bernard et al., 2011).
It has been is suggested that, whereas females set up ranges close to their mothers’, males may
simply expand their range over a much larger area, which may include their natal range as well
(van Noordwijk et al., 2009; Mitra Setia et al., 2009). There is evidence from other sites in
support of the theory of range expansion as a stage of range establishment of adolescents (van
Noordwijk and van Schaik, 2005; Mitra Setia et al., 2009; van Noordwijk et al., 2009), but
whether the natal range continues to be maintained in the range of adult males is uncertain.
From relatedness estimates and maternally-derived mitochondrial haplotypes, I found no
evidence of site fidelity in flanged males in Sabangau, and several flanged males had
mitochondrial haplotypes that were not found in females at any of the sub-sites sampled; thus,
my results do not support the theory of range expansion in Sabangau. Further genetic research
at this site, sampling a greater number of individuals, may help to elucidate this point further; if
it is found that males in Sabangau do, in fact, incorporate their natal range into their adult
range, the implication will be that male home ranges may be even larger than estimated in this
study.
I established that, in this population, dispersal of male orang-utans occurs after they have
achieved sexual maturity, but before the development of flanges. From analysis of autosomal
relatedness estimates and mitochondrial haplotypes, adolescent males appeared to be found
within their natal range, whereas flanged males were found exclusively in sub-sites where no
maternal kin were identified. The picture was less clear for unflanged males: four of the seven
unflanged males sampled were found outside of their natal ranges, one was found in the same
sub-site as a number of close maternal kin, one had a single maternal half-sister in the same
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sub-site, and data for one were inconclusive. This pattern is consistent with dispersal occurring
during the unflanged stage of an adult male’s life.
Dispersal of unflanged males appears to be a gradual and varied process: several males seemed
to show some degree of site fidelity, with some adult males remaining in their natal area for
many years as large, unflanged males, whilst others seemed to have dispersed into non-natal
areas at least seven years before developing flanges, and continued to range in these same areas
once flanged. Hence, field observations are supported at Ketambe, on Sumatra, and genetic
studies in Kinabatangan, on Borneo, where sexually-mature males were still seen in their natal
range, despite their mothers being reproductively active (van Noordwijk et al., 2009; Goossens
et al., 2006).
This contrasts, however, with the results of studies in Tuanan, from which it was suggested that
males disperse at the adolescent phase, before they are capable of siring offspring (van
Noordwijk et al., 2012). The distinction between young unflanged males who are capable of
siring offspring and those that are still reproductively adolescent may be difficult to make on
the basis of field observations alone. From genetic analysis of seven unflanged males, however,
I found three who had maternal kin (at the level of half-sibling), either within the same sub-site
(Archimedes and Hades) or less than 3km away (Romeo). Archimedes has never been
observed mating, but has been present in the research area as an adult unflanged male since the
start of the orang-utan behaviour project ten years ago and, thus, is presumably post-pubertal.
Hades and Romeo, in contrast, were observed mating on several occasions, with Romeo mating
on more occasions than any of the other males. Thus, it seems likely that all these males would
have been reproductively mature during the period in which they were showing strong site
fidelity.
From the genetic data, I found evidence that male dispersal distance could be at least 12km by
the time a male is fully flanged. Female-female relatedness, which is much higher over short
distances, decreased to the level of male-male relatedness at a distance of about 12km. I also
found a male-female pair 12km apart who are related to the level of sibling or parent-offspring,
supporting the theory that male ranging or dispersal may reach, or even exceed, 12km. Overall
relatedness of males to females at these distances was very low, so by travelling this distance,
he effectively removed himself from the areas in which he had many maternal kin and, thereby
reduced the risk of inbreeding. It appears, from mtDNA haplotype distribution, that the
dispersal mechanism is effective at keeping adult males and females of the same maternal lines
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spatially separated: most haplotypes found within a sub-site were either female-specific or
male-specific. Nevertheless, I found evidence that both flanged and unflanged males may
encounter their paternal half-sisters outside of their natal range, which has potential
implications regarding inbreeding. This reflects findings in other species, that, although
matings between maternally-related individuals are avoided, matings with relatives from the
paternal line occur as often as would be expected by chance (barbary macaques, Macaca
sylvanus: Kuester et al., 1994; savannah baboons, Papio cynocephalus: Alberts, 1999). Further
genetic studies, incorporating greater distances between sampling sites, are needed in order to
confirm these tentative conclusions.
In some primate species, males disperse from their natal area in fraternal or peer groups, such
that they are accompanied by their brothers or similar-aged males whom they have known
since infancy: this strategy has been documented for baboons (Papio cynocephalus: Cheney
and Seyfarth, 1977), Japanese macaques (Macaca fuscata: Enomoto, 1974), and rhesus
macaques (Macaca mulatta: Boelkins and Wilson, 1972; Melnick et al., 1984). Such kinbonded dispersal benefits males of group-living species, as related individuals are more likely
to support each other in aggressive encounters and, thus, higher dominance ranks may be
achieved (Meikle and Vessey, 1981). This is likely to be of less benefit for a semi-solitary
species, such as the orang-utan; rather, by moving to the same area as his brothers, a male
orang-utan would be competing with his male kin for the limited resources of food and
females. In an early study in Kutai, Borneo, male ranges seemed to share common boundaries
and, as such, it was suggested that there may be a degree of male bonding in the social system
(Suzuki, 1989). From my genetic analyses, there was no evidence to suggest that flanged or
unflanged males range in the same sub-sites as maternally-related male kin, but I found
paternal half-brothers, uncles or nephews within the same sub-site. Based on the clustering of
closely-related female orang-utans, it is unlikely that adolescent orang-utans recognise their
paternal kin, unless they are also closely related through the maternal line; it is, thus, implied
from the results of my analyses that there are no kin-bonded male-dispersal strategies in orangutans.
There were some aspects of my genetic analyses from which it is suggested that, in addition to
the initial dispersal from his natal range, an adult male orang-utan may engage in secondary
dispersal later in life. Firstly, a possible paternity was identified between an older flanged male,
who expressed dominant behaviour in the Setia Alam area early in the study period, and a large
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unflanged male, who appeared in Setia Alam several years after his father disappeared; as this
unflanged male was not of the same maternal line as the resident females, it may be deduced
that his father had successfully bred in another area before establishing dominance in the Setia
Alam area.
Secondly, despite the sampling effort and successful genotyping of 64 individuals, estimated to
be about one third of the local population (Husson et al., in prep), no paternities could be
identified for three offspring born shortly before the start of the study period. It is feasible that
the fathers of these individuals may have left the area in the intervening years, and thus, were
not present in the research area during the sampling period. There are alternative explanations,
however, including the possibility that the fathers were still present in the research area at the
time of sampling but, through chance, were not sampled; it is also possible that they were older
males who have since died.
Secondary dispersal, or “breeding dispersal” is a common strategy in many mammalian species
(Sugiyama, 1976; Greenwood, 1980; Pusey and Packer, 1987b; Pusey and Wolf, 1996). It is
thought to have a role in the avoidance of inbreeding; given the lack of capacity to monopolise
fertile females, it would not be possible for a male orang-utan to be certain of the paternity of
young females in the area. In most gregarious species in which male-dispersal occurs, fatherdaughter incest is avoided because male tenure is shorter than the time it takes females to reach
sexual maturity (Paul and Kuester, 2004); thus, it is possible that there is a behavioural drive
for a reproductively-successful male to move on from an area after a period of time, to avoid
possible incestuous contact with his maturing daughters.
Whilst this theory is consistent with the high turn-over of dominance in this population, it may
not apply to the different social structure in Sumatran populations, where dominant males have
been known to hold tenure for 18 years (Utami and Mitra Setia, 1995); thus, other inbreeding
avoidance mechanisms may also be involved. One such mechanism, recognised in other
primate species (including humans), is the Westermarck effect, whereby association with
immatures inhibits later sexual attraction (Westermarck, 1922). The dispersed nature of the
orang-utan social organisation, and the infrequency of social interaction between females with
offspring and adult males, may preclude the Westermarck effect from applying to orang-utans.
It has been shown that flanged males prefer to mate with older, parous females (Schürmann,
1982; Galdikas, 1985a; Utami Atmoko et al., 2009a), which, although usually attributed to
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confidence in the female’s reproductive success, could also serve the function of avoiding
breeding with daughters, as has been suggested for other species (Anderson, 1986; Paul and
Kuester, 2004).
Secondary dispersal may also maximise reproductive success, as males move to areas in which
they can achieve higher dominance rank, or have improved access to receptive females. In
Japanese macaques (Macaca fuscata), inter-troop transfer of males usually occurs in the
mating season, and may be accompanied by a rise in dominance rank (Sprague, 1992); in
vervet monkeys (Cercopithecus aethiops), the primary cause of migration appeared to be
sexual attraction to females in other groups, even when this entailed transfer to poorer-quality
habitat (Cheney and Seyfarth, 1983).
The high numbers of transient males observed, both at the Sabangau site, and reported from
studies at other sites (MacKinnon, 1974; Galdikas, 1978; te Boekhorst et al., 1990; Singleton
and van Schaik, 2001), may also be explained by the concept of secondary dispersal. The
evidence and theories related to this class of flanged male are discussed later in this chapter.

7.3 IMPLICATIONS FOR MATING-SYSTEM MECHANICS
7.3.1

THE TWO MALE MORPHS

The results of my analyses of aspects of day-ranging and social behaviour are consistent with
the expected metabolic requirements and costs of movement related to the relative physical
sizes of flanged and unflanged male orang-utans (Kleiber, 1961; Rijksen, 1978; Galdikas,
1988; Mitani, 1989) and also with the theory of the mating strategies employed by flanged and
unflanged males, of “sit-call-and-wait” or “sneak-and-rape”, respectively (Galdikas, 1981;
Utami et al., 2002; Harrison and Chivers, 2007).
The heavier flanged males adopted a ranging strategy directed towards conserving energy: they
travelled shorter distances when eating lower-quality vegetation and their day ranging was
apparently unaffected by fruit availability. They spent less time travelling at times of higher
female receptivity, consistent with their strategy of giving the female time to approach the
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direction of their call. They also travelled much further when in association with a female,
probably in response to the energetic costs of association, which are greater for flanged males
than unflanged males (van Schaik and van Hooff, 1996).
Unflanged males, in contrast, travelled quickly over greater distances, as they sought out
females and avoided conflict with males; by employing this strategy they encountered females
significantly more often than flanged males and maintained those associations for a longer
time. This is consistent with the theory that associations are less costly to unflanged males, due
to their smaller size (Mitani, 1989; van Schaik and van Hooff, 1996). Despite unflanged males
naturally having a longer daily-path length than females in most studies (see Chapter 4: Day
Range), they also travelled further when in association with a female, suggesting that their
presence disturbed the female and led to increased travelling.
Thus, having established that these two alternative strategies are supported by the evidence
from Sabangau, in this section I will explore the costs and benefits of these male reproductive
strategies.

7.3.1.1

ALTERNATIVE REPRODUCTIVE STRATEGIES

Developmental arrest, which gives rise to the bimaturism in adult male orang-utans, has arisen
through a process of sexual selection during evolution. Whilst rare in mammals, male
bimaturism is common in insects and fish species, where each male morph represents an
alternative male strategy. Although dominance traditionally confers reproductive benefits (as
discussed later in this chapter), when resources are either plentiful or cannot be effectively
guarded, the reproductive potential of subordinate males may equal or exceed that of the
dominant male, who bears the energetic costs of maintaining his dominant status (Ellis, 1995).
Assessment of alternative reproductive strategies depends on the ability to quantify lifetime
reproductive success of individuals adopting each strategy; as this relates to the propagation of
their genes in future generations, the most accurate figure involves measurement of the number
of offspring who survive to reproductive age. Evaluating reproductive success for orang-utans,
however, is hampered by their long life spans, long inter-birth intervals, dispersed social
structure and large home ranges (Mitani, 1990).
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Although it has been confirmed in previous studies that male orang-utans can achieve paternity
while unflanged (Galdikas, 1985b; Utami et al., 2002; Goossens et al., 2006; Utami Atmoko et
al., 2009a), too few paternities were identified from the genetic data to draw meaningful
conclusions about the reproductive success of different groups of adult males, either between
flanged and unflanged or based on social rank. Nevertheless, three possible father-offspring
pairs were identified. Vulcan may have fathered Timi while he was unflanged; this male has
since developed flanges and still ranges within the research area. Hengky, a large, dominant
flanged male who was last seen in 2005, has been identified as the possible father of Hades, a
large unflanged male who was first seen in 2010; as Hades was not related to females within
the research area, it is suggested Hengky fathered offspring at a more-distant site at least 10
years ago; it is not possible to say whether he would have already been flanged at that stage.
The third possible paternity relates to a flanged male who shares parent-offspring kinship with
an adult female 12km away, but further details of this relationship are currently lacking, so it is
not known whether this may also represent an example of unflanged male paternity.
From field observations, it is known that unflanged males engage in a high rate of matings with
females (Galdikas, 1985b; Singleton and van Schaik, 2001; Fox, 2002); in this study, twice as
many observed matings involved unflanged males as flanged males. Nevertheless, females are
thought to prefer dominant flanged males (Galdikas, 1981; Schürmann, 1982; Mitani, 1985c;
Fox, 1998): unflanged males often seemed to be harassing the female into mating, while the
female tried to escape the association; whereas associations between flanged males and females
usually resembled a mutual consortship (Fox, 2002; Pradhan et al., 2012; pers. obs). Although
females are generally unsuccessful at resisting these ‘rapes’ by unflanged males, it is suggested
from some field observations that a degree of female cooperation is required for successful
intromission to occur (MacKinnon, 1974; Mitani, 1985c), and matings during voluntary
consortships are more likely to produce offspring (Utami Atmoko, 2000). Thus, the number of
observed matings may correlate poorly with reproductive success.
Male orang-utans also display a degree of mate choice: dominant flanged males often ignore
the sexual advances of young, nulliparous females, who may not yet be fertile, and instead
preferentially mate with older females who have already reproduced (Schürmann, 1982;
Galdikas and Vasey, 1992). Similar results have been found for chimpanzees (Muller et al.,
2006), and primates in general (Anderson, 1986).Unflanged males, conversely, do not seem to
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show this mate preference, and most consortships involving nulliparous females are with
unflanged males (Galdikas, 1985b; Pradhan et al., 2012).
The pairing between an unflanged male and adolescent female is the most-commonlyencountered orang-utan group, apart from the mother-offspring dyad (Galdikas, 1985b). From
my genetic analyses, I identified that some males resident in the research area seem to have
dispersed from their natal range as young unflanged males, and have remained in the research
area during their flanging process (Mozart, Salvador, Vulcan; see Chapter 6: Relatedness and
Dispersal). Thus, for these males, building relationships with specific females during their
unflanged years, may lead to improved reproductive opportunities in the future, as suggested
by Galdikas (1985b).
Other males, however, were found to stay within their natal area as unflanged males; in one
extreme example, for many years (Archimedes). For these individuals, the timing of dispersal
also has implications for reproductive success as, by remaining in the natal range, they forfeit
potential mating opportunities with unrelated females; this cost is probably balanced, however,
by the energetic benefits of remaining in a familiar area in which food sources and social
dynamics are known, which may lead to improved survival and, thereby, promote reproductive
success at a later stage.

7.3.1.2

TOLERANCE OF UNFLANGED MALES

Whilst flanged males are highly intolerant of each other, I found that a large number of
unflanged males became resident in the research area during the nine-year study period,
supporting the theory that they are tolerated by the resident flanged males, as has been reported
from other studies (Mitani, 1990; van Schaik and van Hooff, 1996). Although it is generally
accepted that flanged males are dominant to unflanged males (van Schaik and van Hooff,
1996), flanged males have even been reported to tolerate the presence of unflanged males, at a
distance, when consorting with adult females (Schürmann, 1982; Galdikas, 1985a).
Given that unflanged males are capable of achieving paternity (Utami et al., 2002; Goossens et
al., 2006), and have been observed to attempt mating with the flanged male’s consort when the
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flanged male was distracted (Galdikas, 1985b), this tolerance has implications for the flanged
male’s reproductive success.
In other species, tolerance of sexually-active subordinates by dominant individuals is usually
mediated by kin selection. In these situations, the dominant individual indirectly improves their
own reproductive success through the process of “inclusive fitness”: by supporting the
reproductive success of their close relatives, their genes are more prevalent in the next
generation (Hamilton, 1964). In gorillas, for example, older males may be more tolerant of
sons and full brothers than of more distant relatives (Harcourt and Stewart, 1981; Robbins,
1995). An extreme example of inclusive fitness occurs in social insects, whereby the
reproductive success of individuals in the colony is achieved, not through their own
reproduction, but by support of the highly-successful reproduction of the queen, to whom they
are closely related (Hamilton, 1964; Wilson, 1971).
As I found no evidence of kin bonding between flanged and unflanged males within a site,
flanged males are unlikely to receive any benefit in the form of inclusive fitness advantage by
tolerating unflanged males. Based on their dispersed social structure and broad ranging,
however, it is also likely that male orang-utans do not know whether individuals they
encounter are relatives or not; thus, there may be a degree to which this tolerant behaviour has
been promoted during the evolution of this species on the basis of inclusive fitness.
Nevertheless, as noted by Utami Atmoko and van Hooff (2004), it is likely that the
predominant driving factor for this tolerant behaviour is the impracticality of a large,
cumbersome flanged male trying to keep an agile, persistent unflanged male out of his home
range.
As noted previously, it has been shown in other studies that unflanged males frequently
engaged in consortships with adolescent females, who may not yet be fertile and in whom the
dominant flanged male had little interest (Schürmann, 1982; Galdikas, 1985b; Galdikas and
Vasey, 1992). In situations where a female is in consortship with a flanged male, Galdikas and
Vasey (1992) reported that unflanged males only attempted to achieve forced mating with the
female if she was adolescent. From this, it is suggested that unflanged male orang-utans may
be able to recognise the difference in affiliative strength between different consortships, and
attempt to force copulations only in those situations where the bond with the dominant male
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was relatively weak. Thus, in such cases, the reproductive success of the flanged male would
not be directly compromised by the interference of the unflanged male.

7.3.1.3

EVOLUTIONARILY STABLE STRATEGIES

In Sumatra, the ratio of flanged to unflanged males passing through research sites is lower than
on Borneo: at Suaq, flanged males represented only 35% of males encountered in the research
area each month (Utami Atmoko et al., 2009b), compared to 54% in this study (see Chapter 5:
Home Range). This discrepancy between the two species is thought to be because the period of
developmental arrest in Sumatran males are much longer than those on Borneo (Delgado and
van Schaik, 2000; Utami Atmoko and van Hooff, 2004; Dunkel et al., 2013). This has led to
questions over the benefits of developmental arrest and the role of the unflanged male in the
different orang-utan social systems of Borneo and Sumatra.
It is thought that the orang-utan mating system evolved from a uni-male polygynous harem
system similar to that seen in gorillas (Harrison and Chivers, 2007). It has been proposed that
the onset of the El Niño Southern Oscillation (about 3 – 5 Mya) had a profound effect on fruit
availability, such that groups of orang-utans could no longer be supported and, therefore, it was
no longer possible for the dominant male to guard his harem (Harrison and Chivers, 2007);
from this, the niche for an alternative sexual strategy developed, of an agile morph displaying
none of the secondary sexual characteristics, but engaging in opportunistic matings.
From the theory of alternative reproductive strategies, there are several ways in which
alternative behaviours may be employed by a species. It may be that the strategy adopted by an
individual is genetically determined (Gross, 1984; Dominey, 1984); under these conditions, if
the ratio of the different strategies in the population remains stable across generations, the
reproductive success of each strategy must be equal. Another possibility is that the strategy
adopted is “condition-dependent”, such that one strategy confers clear benefits compared to the
other and is, thus, pursued by better individuals (Zahavi, 1975); in this situation, it would be
expected the reproductive success of individuals following the preferred strategy to be
significantly greater than those “making do” with the alternative strategy. Finally, the two
strategies may represent mixed evolutionarily stable strategies, whereby individuals adopt
different strategies at different times in their lives and both phenotypes are represented in the
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population (Dominey, 1984); in this situation, it would be expected that the lifetime fitness
conferred by each strategy would be similar.
There is, to date, no evidence to suggest that arrested development in male orang-utans is
genetically determined. As it is thought that arrested development acts only to delay, rather
than to prevent, a male from developing his secondary sexual characteristics, it is unlikely that
the strategy is truly condition-dependent, and only available to better individuals; rather, it is
thought that the two morphs may represent evolutionarily stable strategies. Full assessment of
this, however, depends on measuring the reproductive success or lifetime fitness of each group
of male. As discussed above, it is difficult to assess reproductive success of the two male
morphs on the basis of my genetic results. It has been suggested in other studies, however, that
the reproductive success of flanged and unflanged males may be similar (Utami et al., 2002).
Pradhan et al., (2012) constructed models for male orang-utan lifetime reproductive success,
based on the social structure and potential reproductive opportunities of each male morph.
From their results, it has been suggested that the potential for a dominant flanged male to
defend females from other flanged males is key in determining the stability of the alternative
mating strategies in a population. When dominant males are able to monopolise access to
females, developmental arrest is the stable strategy, as unflanged males are able to evade
detection by the dominant male and achieve secret mating opportunities. Conversely, when
mate defence is not possible, developmental arrest does not confer any advantages and, thus,
flanging is the stable strategy, in order to benefit from female preference to mate with a flanged
male.
In Sumatra, where fruiting patterns support a more gregarious social system, monopolisation
potential is relatively high; consequently, it is argued that both the flanged and unflanged male
strategies are evolutionarily stable strategies in Sumatra (Pradhan et al., 2012).
In Borneo, however, dominant flanged males are less able to monopolise access to receptive
females than in Sumatra (Dunkel et al., 2013); furthermore, as demonstrated in Chapter 3:
Dominance, the tenure of male dominance in Borneo is much shorter and, thereby, greater
opportunity exists for flanged males to try to achieve dominant status. Thus, it would be
expected that the unflanged male strategy confers fewer benefits on Borneo than on Sumatra.
Nevertheless, Bornean unflanged-males have been shown to achieve paternity, and it is
possible that the two strategies still represent mixed evolutionarily stable strategies, as on
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Sumatra, albeit at a different equilibrium state, reflected in the higher proportion of flanged
males on Borneo, and the shorter period of developmental arrest (Dunkel et al., 2013).
It is also possible, however, that the conditions which promoted the unflanged-male state
during evolution, no longer apply as strongly to Bornean populations. If the niche for the
unflanged male arose when the dominant flanged male was no longer able to guard effectively
his harem against quiet, agile intruders (Harrison and Chivers, 2007), with the current
population distribution, the dominant male may be equally unable to guard against other
flanged males. Thus, the unflanged male state may no longer be of particular benefit to
Bornean males and its prevalence may reduce gradually in the population.
Further research into the relative reproductive success of the two classes of male may help to
shed further light on this aspect of the mating system.

7.3.2

THE FLANGED MALES

In general, my findings supported the social system proposed for Bornean orang-utans, of
“roving-male promiscuity”, compared to the Sumatran system in which the community is
structured around a single flanged male who is dominant over all other males (Delgado and van
Schaik, 2000; Singleton and van Schaik, 2002). No male was dominant in Sabangau for a long
period, and there was no evidence that the dominant male restricted his ranging pattern, as
reported from studies in Sumatra (te Boekhorst et al., 1990; Singleton and van Schaik, 2001;
van Schaik, 2004; Mitra Setia et al., 2009; Utami Atmoko et al., 2009b).
Fruit availability, especially in forests in which fig fruits are available year-round, is likely to
be the main driver of the differences between the two species’ social systems (Sugardjito et al.,
1987). Sumatran forests can provide a dominant male with sufficient food to fulfil his energetic
requirements within a more limited area, whereas in low-productivity forests on Borneo, the
area in which a male can maintain a suitably nutritious diet is larger than an area in which he
can successfully monopolise access to females.
Nevertheless, based on observed intolerance and antagonistic behaviours, it is clear that malemale competition is extremely high in Sabangau, as at many other sites, especially on Borneo

246

Chapter 7: Conclusions
(Rijksen, 1978; Galdikas, 1985a; Mitani, 1985c; Utami Atmoko et al., 2009a). It has been
suggested that flanged males on Borneo are more inclined to engage in physical confrontations
with other flanged males than on Sumatra, probably as a result of less well- established
dominance hierarchies (Utami Atmoko et al., 2009b; van Schaik et al., 2009; Dunkel et al.,
2013).
From my analyses of the male social hierarchies in Sabangau, and their effects on ranging
parameters, I identified four social ranks of flanged male. In this section, I attempt to
disentangle the theories surrounding the different classes of flanged male, and the different
strategies they may represent.

7.3.2.1

THE FIGHT FOR DOMINANCE

Within the male-dominance hierarchies of social systems, the process of maintaining high
social rank or challenging the dominance of other males is a costly energetic process. Flanged
male orang-utans, with their large body size, can be expected to have a much higher basal
metabolic requirement than smaller, unflanged males. From dietary analysis in Sabangau,
Harrison (2009) found that the energy intake of flanged males was usually below their
estimated requirements each month, and evidence of negative energy balance, in the form of
urinary ketones, was found regularly. From my analyses, there was no correlation between dayranging behaviour and fruit availability; thus, it is likely that maintenance of energetic ranging
behaviour in times of low energy intake is responsible for the negative energy balance reported
by Harrison (2009). From personal observations in the field, it is suggested that dominant
males who are successfully deposed by their challengers are often in poor physical condition;
those who go on to re-assert their dominance in an area spend some time improving their
physical condition before making the challenge.
In other species, it has been suggested that dominant individuals suffer greater social stress
than subordinates, due to the higher frequency of aggressive interactions, which are stressful to
both the winner and loser of the interaction (Creel et al., 1996). Such stress activates the
hypothalamic-pituitary-adrenocortical axis, leading to an increased level of circulating
glucocorticoids, which improve the individual’s immediate capacity to deal with the stressor,
through mobilisation of energy and redistribution of blood supply (Sapolsky, 1992). Over
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periods of weeks to months, however, such levels of circulating glucocorticoids can become
harmful to the body, and repercussions including immune suppression and loss of condition
can occur (Creel, 2001). It has been shown that the levels of these stress hormones are higher
in dominant individuals than subordinates, particularly at times of social instability (olive
baboons, Papio anubis: Sapolsky, 1992; vervet monkeys, Cercopithecus aethiops: McGuire et
al., 1984). Future work validating these theories for wild orang-utans, through non-invasive
sampling of urine or faeces and comparison to dominance hierarchy analyses, such as those
performed in Chapter 3: Dominance, would be useful in ascertaining the physiological status of
males of different social ranks.
The benefit of this costly process normally comes as access to females, and in the rare situation
where two males might approach the same female, the more dominant male would be able to
chase off the subordinate male and, thereby, directly defend his reproductive opportunity.
Given their dispersed social structure, however, it is not possible for a dominant male orangutan to defend his access to females directly, but instead he benefits through the process of
female mate choice. As both flanged and unflanged males are capable of siring offspring
(Galdikas, 1985b; Utami et al., 2002; Goossens et al., 2006; Utami Atmoko et al., 2009a), the
ability to achieve high dominance rank, whilst bearing the costs of secondary sexual
characteristics and the physiological side effects of the associated stress, demonstrates the
superior survival characteristics of the dominant male and, thus, the superior quality of his
genes is inferred, through a form of ‘handicap principle’ (Zahavi, 1975). In orang-utans, there
is little evidence to suggest that males have any role to play in raising, protecting or providing
for their offspring; it is likely, therefore, that female mate choice is based purely on evidence of
survival and fitness characteristics which might be passed, genetically, to her offspring.
Female mate choice has been reported from field observations of orang-utans, as females
preferentially mate with high-ranking resident males (Rodman, 1973; Rijksen, 1978; Galdikas,
1981; Schürmann, 1982; Mitani, 1985d; Rodman and Mitani, 1987; Fox, 1998; Fox, 2002). Of
the resident flanged males in the research area of this study, dominant males remained in
association with females for longer than non-dominant males, and half of the observed matings
between flanged males and females involved the male who was dominant at the time (see
Chapter 3: Dominance). This may be due to female mate choice, in which the female
determines the length of the association as an expression of preference for males of certain
rank, and engages in consensual consortship. It is suggested from models based on home-range
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estimates from this study, which are larger than those previously suggested for Bornean males,
that a flanged male could overlap ranges with between 7 and 70 females (see Chapter 5: Home
Range); based on the reproductive cycles of females, this level of overlap would be sufficient
to grant a dominant male access to receptive females each year. Thus, even a short tenure as
dominant male would confer significant reproductive benefits.
In some species, other positive effects of dominance have been reported, including spatial
awareness and learning (McGuire et al., 1984; Barnard and Luo, 2002) and increased survival
(Arcese and Smith, 1985). Studies to investigate such benefits have not been performed for
orang-utans; indeed, the long life history and complex cognitive capacity would make such
assessments challenging. For a male maintaining high dominance rank for a period of nearly
two decades, as reported in Sumatra (Mitra Setia and van Schaik, 2007), such additional
benefits, if they exist, may be of some value; given the short tenure of dominance in Sabangau,
however, it is likely that the long-term benefits are limited to reproductive opportunities.
In some situations, however, social dominance does not correlate with female mate preference
(Qvarnström and Forsgren, 1998; Moore et al., 2001). Whilst many of the features of a good
mate are the same characteristics required for social dominance, other qualities may not be
correlated with rank, such as parenting skills and the ability to form alliances (Robinson,
1982). It has been suggested that female mate choice is a mechanism to avoid manipulation by
males, and that male-male competition may act to circumvent female mate choice by
controlling her mating opportunities (Moore et al., 2001).

7.3.2.2

NON-DOMINANT MALES

Some resident flanged males made no apparent attempt to challenge for dominance. These nondominant males appeared to stay unobtrusive, with low long-call rates and a tendency to flee
encounters with other males. Their rate of encounters with females was very low, and the
associations very short, in comparison to other ranks of male. On the occasions when they had
a higher long-call rate, these males travelled faster and further over the course of the day; this
behaviour does not support the theory of “sitting, calling and waiting” for receptive females to
approach, as the male would have moved before the female arrived. It is, thus, implied that
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non-dominant males either use the long call primarily as a male spacing mechanism, or, if they
call to attract females, they keep moving in order to avoid conflict with dominant males.
The reproductive success of these males is likely to be low. It is possible that they engage in
consortships with females without the knowledge of the dominant male, but none of the
observed matings involved a male of this social rank.
In some species, subordinate males elect to remain in an area in which their reproductive
opportunities are restricted because of the possibility of acquiring dominant status in the future
(Kokko and Johnstone, 1999). This “social queuing” predominantly occurs in systems where
males inherit dominance according to their social hierarchy, such as in Barbary macaques
(Macaca sylvanus: Kuester and Paul, 1988), capybaras (Hydrochaeris hydrochaeris: Herrera
and Macdonald, 1993) and spotted hyenas (Crocuta crocuta: Holekamp and Smale, 1993).
While there is no evidence that male orang-utans are able to inherit dominance, such social
queuing may represent a reasonable strategy when the turn-over of dominant males is high: the
non-dominant male may benefit from knowing optimum foraging routes in the forest area and
building relationships with the females in the area, without the physiological stress of
maintaining dominance; then, if conditions change, he may make a bid for dominance at a
future opportunity.

7.3.2.3

TRANSIENT MALES

Some flanged males were encountered either occasionally or on only one or two occasions, as
they seemed to be passing through the research area; these males, classified as “occasional” or
“transient” visitors, together represented 83% of flanged and 74% of unflanged males
encountered in the research area.
Rijksen and Meijaard (1999) identified three classes of male from their study in Ketambe:
‘residents’, who were predominantly present in the area; ‘commuters’, who were not
continuously present in the area but were seen for several weeks each year and, thus, thought to
travel between two or more locations of residence; and ‘wanderers’, who were seen on very
few occasions. Although different terminology has been applied in different studies, males
displaying transient ranging behaviour have been noted in reports from most research sites
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(MacKinnon, 1974; Galdikas, 1978; te Boekhorst et al., 1990; Singleton and van Schaik,
2001). The motivations for this ranging pattern, however, remain unclear.
Alternative male reproductive tactics in which transient ranging strategies are adopted are
recognised in a number of species, including arctic ground squirrels (Spermophilus parryi:
Lacey and Wieczorek, 2001), prairie voles (Microtus ochrogaster: Getz et al., 1993; Solomon
and Jacquot, 2002), raccoons (Procyon lotor: (Gehrt and Fritzell, 1999) and spear-nosed bats
(Phyllostomus hastatus: McCracken and Bradbury, 1981).
In species with dispersed territories, these individuals are often referred to as “floaters”, and in
those with permanent territories they are called “satellites” (Brown, 1969; Smith, 1978; Wirtz,
1981; Kodric-Brown, 1986; Winker, 1998). These individuals do not defend a territory, but
range in a significantly larger area than their “resident” counterparts and take opportunity to
mate with unguarded females (Getz et al., 1993; Winker, 1998); in some species, transients are
subordinate to but tolerated by the resident population (spotted hyenas, Crocuta crocuta:
Frank, 1986). Often males can switch from resident to wandering strategies and back again
(Getz et al., 1993; Wolff, 2008), but, for many species, the relative success of these alternative
tactics is unknown.
From my analyses, although there was no evidence that different ranks of flanged male
encountered females at different rates, transient males had significantly longer female
association times than other ranks of flanged male: transient males tended to remain with the
females for over half of their daily active period. Furthermore, half of the observed matings
between flanged males and females involved dominant males, whilst the rest predominantly
involved transient males. The transient males also had great variety in their response to long
calls, ranging from a confrontational approach to behaviour typical of non-dominant males;
thus, this category may represent males of different social rank, adopting non-resident ranging
patterns. As such, certain transient males may be appealing to receptive females due to their
physical qualities despite their lack of resident status.
There are several theories regarding the role and strategy of these ‘transient’ males. Firstly, as I
have shown in Chapter 5: Home Range, estimates of male Bornean orang-utan home range
have been underestimated in published reports, and the results of my analyses should also be
considered minimum estimates. It is thought that some males travel around the periphery of
their range; thus, individuals with very large home ranges would visit each part of it
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infrequently (Rijksen, 1978). Thus, as noted by previous authors, it is difficult to distinguish
with certainty between a truly-transient ranging pattern and an extremely large home range
(Singleton and van Schaik, 2001).
It has been suggested that directness of travel paths may aid in differentiating between transient
and resident males, as it would be expected that transient males would travel in a more direct
manner, as they avoid conflict with resident males (Parsons, 1999). From my analyses,
however, there was no significant correlation between travel path directness and male social
rank. Nevertheless, from the large number of males passing through the research area at
Sabangau, it is suggested that male orang-utans in this population adopt non-resident ranging
patterns at some stage in their lives.
The second explanation for the transient males is that some of these males are in the process of
dispersal, as suggested by Singleton and van Schaik (2001). Given my findings in Chapter 6:
Relatedness and Dispersal, that males in Sabangau disperse while unflanged, this explanation is
likely to apply primarily to unflanged males, who are expanding their range and moving away
from their natal range. Rijksen and Meijaard (1999) suggested that an adolescent progresses
through a series of different ranging patterns during the process of dispersal, from resident (as a
dependent infant) to commuter (as an adolescent) through to resident (as an adult), if
conditions allow.
In addition to natal dispersal as an unflanged male, from the results of my genetic analyses, I
proposed that flanged males may undergo secondary dispersal, as discussed earlier in this
chapter. This may be a strategy to avoid mating with maturing daughters, or may improve the
male’s reproductive success by moving to an area in which he has higher dominance rank or
greater access to fertile females. It is possible that some of these males represent formerlydominant males, who have been displaced from their previous ranges by rivals. Beethoven and
Hengky both disappeared from the research area shortly after losing dominance, and it is
feasible that they may have moved elsewhere; similar observations are reported from Ketambe
on Sumatra, where the long-term dominant male left the area shortly after being defeated
(Utami and Mitra Setia, 1995).
These males may, therefore, be looking for areas with a good food supply, receptive females
and few other males, in which to establish residency (Rijksen, 1978). As noted in Chapter 3:
Dominance, a large number of new males were encountered within the research area when the
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dominance hierarchy was unstable; some of these males became resident or challenged the
resident males for dominance, while others passed through the area.
A third explanation is that our observations of ‘transient’ males may represent excursions from
a stable home range located away from the research area, and from which they have
temporarily roamed; the main motivating factor for this behaviour is likely to be access to
receptive females, especially if there are no receptive females in the male’s resident area. It has
been noted, in Sumatra, that the distribution of females across the forest may not be even, but
comprise clusters, or even “arenas” of females separated by areas in which females were rarely
encountered (Rijksen and Meijaard, 1999; Mitra Setia et al., 2009). Dominant flanged males
seemed to concentrate their ranging in the vicinity of receptive females, and then drastically
reduced his presence in the area once the receptive period had passed; conversely, males of
other dominance ranks avoided the dominant flanged male, and thus, the opposite pattern in
their ranging was observed (Utami Atmoko et al., 2009b). There is no evidence from studies on
Borneo to suggest that such clustering of females occurs, but, nevertheless, it is possible that
flanged males occasionally range beyond the periphery of their normal ranges in search of
reproductive opportunities.
Finally, it has been suggested that some males may adopt a truly-transient style of ranging,
limited only by geographical boundaries (Ghiglieri, 1987; Singleton and van Schaik, 2001).
Thus, transient ranging behaviour may represent an alternative reproductive tactic employed by
some flanged males, in order to improve their reproductive success (Rijksen and Meijaard,
1999). The factors which would promote this tactic instead of pursuing dominance include high
costs of fighting, stable social hierarchy and a lack of capacity to monopolise receptive females
(Kokko et al., 2006; Wolff, 2008); thus, males may adopt this tactic for a period of time, and
switch to resident tactics when conditions change, as reported in various species including and
alpine marmots (Marmota marmota: Goossens et al., 1998), bearded seals (Erignathus
barbatus: Van Parijs et al., 2003) and black-tailed prairie dogs (Cynomys ludovicianus: Travis
et al., 1996)
It is likely that transient male ranging is motivated by the search for receptive females, as
shown for coyotes (Canis latrans: Messier and Barrette, 1982), stoats (Mustela ermine: Lockie,
1966) and wolves (Canis lupus: Packard and Mech, 1980). It has been suggested that this
strategy improves a male orang-utan’s chances of locating a fertile female, given the sparse
distribution of females and their long inter-birth interval (Mitani, 1985c), but that these benefits
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are countered by the challenges of mating with the female in the range of the resident dominant
male (Ghiglieri, 1987).
As noted earlier, in this study, transient males had longer associations with females than all
resident males. This is not easily explained by female preference for higher-ranking males, as
the transient males were not consistently dominant over the resident males. It is possible,
however, that transient males were entering the research area in search of females and, once
found, were less willing to abandon the female. Furthermore, Fox (2002) reports that females
in consortship with transient flanged males suffered significantly less sexual harassment from
unflanged males, in terms of both attempted and successful forced matings, than when they
travelled alone; transient males were more likely to chase unflanged males who approached to
within 10 m of the female, compared to dominant males. This behaviour would confer to the
female benefits of maintaining an association with a transient male and, thus, may increase his
mating opportunities.
Thus, there are several possible reasons for the so-called transient ranging behaviour observed
at many sites. The large number of males showing this pattern, in Sabangau, at least, indicates
that it may represent an important part of male orang-utan ranging, and further studies at
different research sites, incorporating larger study areas, may help to elucidate which of the
explanations set forth in this section is the most likely.

7.3.3

THE LONG CALL

The long call of the flanged male orang-utan is an example of a conspicuous, long-distance
call, thought to mediate social interaction across large distances, as discussed in Chapter 3:
Dominance. Calls of this type are employed by many species of primate, bird, frog and insect,
and are thought to be particularly important in habitats in which visual communication is less
effective, such as tropical rainforests (Waser and Waser, 1977; Wich and Nunn, 2002). In
orang-utans, it has been proposed that this call has functions relating to male spacing, the
maintenance of dominance relationships between flanged males, and attraction of receptive
females (MacKinnon, 1974; Galdikas, 1983; Mitani, 1985d; Schürmann and van Hooff, 1986;
Delgado and van Schaik, 2000; Singleton and van Schaik, 2002).
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Male long-distance calls are often subject to sexual selection, either through inter-sexual
selection, through female mate choice, or intra-sexual selection, through male-male
competition (Snowdon, 2004). Males whose long-distance calls have certain features either
acquire more mating opportunities or enjoy improved survival and, as such, achieve greater
lifetime reproductive success; in this way, the genetic predisposition to those features of the
call is passed to future generations and, over time, the calls become exaggerated and complex
(Zahavi, 1991; Johnstone, 1995).

7.3.3.1

FEMALE MATE CHOICE

The way in which a male’s call serves to attract a female is an example of the ‘handicap
principle’ (Zahavi, 1975): production of the call is costly to the male and, therefore, the female
can ascertain information about the quality of the male from features of the call, and use this
information when choosing her mate (Iwasa et al., 1991; McGregor, 1993).
Studies on various species have identified features of the call to which the female may be
attracted. These features may be a consequence of the size of the male, such as the frequency of
the call, which is likely to be lower in larger males due to the acoustic properties of their
respiratory anatomy. Large male tree-frogs (Hyla chrysoscelis), for example, produce lowerfrequency calls, to which females are attracted (Morris and Yoon, 1989). The female may also
be attracted to call features which indicate that it was energetically costly to produce, such as
call rate, duration or intensity. Female field crickets (Gryllus bimaculatus) show preference for
calls of greater intensity, which are associated with large males (Simmons, 1988), and female
zebra finches (Taeniopygia guttata) prefer longer songs (Neubauer, 1999). In some species,
such as the great tit (Parus major), females show preference for features which identify the
male as older, and thus having a good genetic capacity for survival, such as a diverse song
repertoire (Baker et al., 1986).
The handicap principle relies on the fact that only individuals of superior quality, such as those
in good condition and with good foraging and survival skills, will be able to express the
extravagant signal (Zahavi, 1975); thus, these signals are usually considered to be ‘honest
signals’ (Lucas and Howard, 2008). To deter dishonest signalling, where low-quality males
produce high-quality signals, so that females attribute greater quality to them than is deserved,
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the costs of producing an enhanced signal are usually greater for low-quality males than for
high-quality males (Lucas and Howard, 2008).
Call production is energetically costly to males in a variety of ways. In two species of katydid
(Neoconocephalus robustus and Euconocephalus nasatus), calling is associated with
significant increases in metabolic rate, oxygen requirement and body temperature, the
physiological effects of which continue for some time after singing ceases (Stevens and
Josephson, 1977). Frog species also have increased requirement for oxygen during calling,
which has been suggested to be the most energetically demanding activity regularly performed
(gray tree frog, Hyla versicolor: Taigen and Wells, 1985; tungara frog, Engystomops
pustulosus: Bucher et al., 1982; small-headed tree frog, Dendropsophus microcephalus: Wells
and Taigen, 1989). Male Ipswich sparrows (Passerculus sandwichensis princeps) forfeit food
resources by singing in the morning, which is also the most profitable foraging time, and song
rate is related to energy intake (Reid, 1987).
Alternatively, production of the call may put the male at risk: calling field crickets (Gryllus
integer), for example, risk parasitism by flies which are attracted to the call, and this risk
increases with greater call intensity (Cade, 1981), and several Neotropical frog species risk
predation by fringe-lipped bats (Trachops cirrhosis) when emitting mating calls, as the bats use
these calls to locate their prey (Tuttle and Ryan, 1981).
Thus, if the male orang-utan long call acts as an honest signal under the handicap principle, it
would be expected that the fittest, highest-quality males would produce long calls to which
females would be attracted, and that females would preferentially associate with males who
demonstrated their capacity to bear the cost, either in energetics or risk, of calling at a higher
rate, intensity or duration.
The role of the long call in attracting females has been supported by the results of studies in
Sumatra, where receptive females moved towards the direction of male long calls (Mitra Setia
and van Schaik, 2007; Delgado et al., 2009); evidence to support a similar female attraction
function on Borneo, however, has been lacking (Delgado et al., 2009). From my results, this
role of the long call is supported for the Sabangau population: males of lower social ranks were
noticeably less likely to encounter females or maintain long associations with them than
dominant males; furthermore, for flanged males in the dominant and challenging social ranks,
increased long-call rate served a function to attract females, but this was not the case for non256
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dominant and transient males. Thus, while most of the observed associations between
unflanged males and females were seemingly attributable to male persistence, interactions
between females and flanged males were apparently controlled by the female.
I also found that females associated with males for longer periods of time when the male had
an increased long-call rate, either before or during the association; this effect was strongest in
males who were challenging for dominance in the area. The theory that the long call acts as in
female attraction under the handicap principle is supported by this finding: females show
preference for males with higher long-call rates. The implication from these results is that, in
addition to its function of attracting females, the long call can act as a female retention
mechanism.
My findings, despite being based on long-call rate rather than any acoustic analysis, also serve
as further evidence that the long call contains information from which the female is able to
discern either individual identity or social status, such that she is able to respond differently to
different ranks of male. In this way, my findings support the conclusions from acoustic
analyses of the long calls of wild male orang-utans, in which features of individual identity
have been detected (Delgado, 2007; Spillmann et al., 2010). These results are also in support of
the theory that female orang-utans exercise mate choice, as females were attracted to and
remained in association with males of higher social rank, as reported from field observations
(Rodman, 1973; Rijksen, 1978; Galdikas, 1981; Schürmann, 1982; Mitani, 1985c).
Thus, a theory of inter-sexual selection for long calls is supported, as females showed
preference to approach and associate with males who had a high long call rate combined with
long-call features identifying the male as higher social rank, as well as a tendency to spend
longer in association with males who had a higher long-call rate both before and during the
association.

7.3.3.2

MALE SPACING AND COMPETITION

From our results, we can assume that flanged male competition for access to sexually-active
females is high, as females are attracted to flanged males exhibiting the most dominant
behaviour.
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Calls are used to mediate male competition for territory and females in a number of mammals
to signal social status, strength or individual identity, including howler monkeys (Alouatta
seniculus: Sekulic, 1982), gibbons (Hylobates agilis: Mitani, 1988), lions (Panthera leo:
McComb et al., 1993), red deer (Cervus elaphus: Clutton-Brock and Albon, 1979), Thomas’s
langurs (Presbytis thomasi: Steenbeek, 1999) and wolves (Canis lupus: Harrington and Mech,
1979). In addition to mediating competition for mates and, thus, avoiding the costs and risks of
fighting, they can play a role in deterring unknown males and defending a group from
infanticidal strangers (Sekulic, 1982; McComb et al., 1993; Steenbeek, 1999). It is thought that
the dispersed distribution of males is mediated by the long call (Galdikas, 1983; Mitani,
1985d).
When assessing dominance ranks among flanged males in Sabangau over the nine-year study
period (Chapter 3: Dominance), I found that dominant long-calling behaviour, both in terms of
a high rate and a tendency to pursue rather than avoid the calls of other males, correlated with
successful outcomes of physical encounters with other males. These observations are in
support of the theory that the long call mediates intra-sexual competition between flanged male
orang-utans.
Some flanged males challenged the dominant male, sometimes succeeding in becoming
dominant themselves. These classes of male showed the strongest long-calling behaviour, both
in terms of rate of long calls produced and a tendency to chase long calls they heard; they were
also involved in the most encounters with other males, some of which escalated into risky
physical attacks. These social dynamics appeared to influence the ranging patterns of the
flanged males in Sabangau, such that certain males avoided each other’s ranges at certain
times.
Long-call rates also influenced day-ranging behaviour of different flanged male ranks in
different ways. Non-dominant males had greater nest displacement distance and travelled faster
when they had a higher long-call rate; from this, it could be interpreted that the call is acting as
a male spacing mechanism in these males, or, if they are calling to attract females, they may be
avoiding conflict with dominant males by continual movement. Transient males, conversely,
travelled faster as their long-call rate reduced, consistent with a tactic of travelling quickly
through an area undetected, and travelled slower when long-calling more, consistent with the
use of the long call to attract females.
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It has been argued that the risk of attack by dominant males would prevent low-ranking males
from producing long calls, if the main role of the long call is in male spacing and mediating
male aggression (Delgado, 2007; Mitra Setia and van Schaik, 2007). It is possible, however,
that the role of the long call in male spacing is not limited to the avoidance of aggressive
interactions. Given the role of the long call in attracting receptive females, a male benefits from
performing his call in an area in which few, if any, other males’ calls are heard; in this way, his
call suffers less competition from the long calls of other males. Thus, the male spacing
achieved through the medium of long calls may be a form of ‘ideal free distribution’, in which
each male strives to maximise his reproductive success (Fretwell, 1972)
My findings, therefore, are consistent with both previously-presented functions of the male
orang-utan long call, of male avoidance and female attraction; an additional role of maintaining
an association with a female is also supported. Further research is needed to see if similar
trends are found at other sites on Borneo.

7.4 FINAL CONCLUSIONS
Our knowledge of male orang-utan ranging behaviour and the mechanics of dispersal have
been expanded by this research and, thus, improved our understanding of social organisation
and reproductive strategies in Bornean orang-utans.
Due to the limitations of the methods involved in following male orang-utans in the field,
home-range estimates based on observations must necessarily be considered minimum
estimates. Only when it becomes possible to use a form of remote tracking of wild orang-utans,
will the intricacies of male home range size and range use be revealed. Further genetic studies,
incorporating a large sampling area, may help to increase our understanding of dispersal
distances in Bornean orang-utans and, furthermore, answer questions regarding male
reproductive success in this population.
One of the great threats to orang-utans is the encroachment of development sites on forest
areas, which lead to fragmentation of their habitat. It has been reported that, on Borneo, there
are many small patches of forest that contain very small populations of orang-utans, which will
not be viable in the long-term unless the individuals are translocated to other forest areas;
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furthermore, much of the habitat in Central Kalimantan is partly to severely fragmented
(Marshall et al., 2009). It is unknown whether orang-utans can move between these fragments.
Population modelling has shown that populations that were too fragmented, or those containing
under 300 individuals, would decline and be extirpated over time, even in the absence of
additional pressure, such as hunting or logging (Marshall et al., 2009). Furthermore, an
increase in mortality of as little as 1%, through increased hunting or mortality during dispersal
through fragmented habitat, leads, ultimately, to extinction in all but the best-quality forests.
Accurate, quantitative data on ranging are needed for such models to reflect most accurately
existing populations, and so to inform best conservation policy. In this study, estimates of male
orang-utan home ranges are significantly larger than previously reported for Borneo, and I have
made the first quantitative estimates of male dispersal distance. It is hoped that these estimates
may contribute to future models and, in turn, to conservation planning.
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APPENDIX I: Posterior probability of dominance as calculated by OpenBUGS
software.

(A)

Posterior probabilities based on dominance matrix for all observed encounters
between 2003 and 2012.
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(B)

Posterior probabilities based on dominance matrix for observed encounters between
2003 and 2006.

(C)

Posterior probabilities based on dominance matrix for observed encounters between
2007 and 2012.
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APPENDIX II: Long calls emitted by each identified flanged male each year from 2003

to 2012.

Hr = number of follow-hours. LC = number of long calls made. Rate = rate of long calls expressed as

LC/hr.
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APPENDIX III: Number of long calls made and heard by each flanged male during

follows each year between 2003 and 2012.

Appendices
APPENDIX IV: Microsatellite markers used to genotype individuals in this study.
Table modified from Arora et al. (2010).

Marker

Sequence (5’-3’)

Repeat

Reference

D1S550

F: CCTGTTGCCACCTACAAAAG

Tetranucleotide

(1)

D1S550

R: TAAGTTAGTTCAAATTCATCAGTGC

Tetranucleotide

(1)

D2S1326

F: AGACAGTCAAGAATAACTGCCC

Tetranucleotide

(1)

D2S1326

R: CTGTGGCTCAAAAGCTGAAT

Tetranucleotide

(1)

D3S2459

F: CTGGTTTGGGTCTGTTATGG

Tetranucleotide

(1)

D3S2459

R: AGGGACTTAGAAAGATAGCAGG

Tetranucleotide

(1)

D4S2408

F: AATAAACTTCAACTTCAATTCATCC

Tetranucleotide

(1)

D4S2408

R: AGGTAAAGGCTCTTCTTGGC

Tetranucleotide

(1)

D5S1470

F: CATGCACAGTGTGTTTACTGG

Tetranucleotide

(1)

D5S1470

R: TAGGATTTTACTATATTCCCCAGG

Tetranucleotide

(1)

D13S321

F: TACCAACATGTTCATTGTAGATAGA

Tetranucleotide

(1)

D13S321

R: CATACACCTGTGGACCCATC

Tetranucleotide

(1)

D13S765

F: TGTAACTTACTTCAAATGGCTCA

Tetranucleotide

(1)

D13S765

R: TTGAAACTTACAGACAGCTTGC

Tetranucleotide

(1)

D16S420

F: ATTTCCTGAGGTCTAAAGCACCC

Dinucleotide

(1)

D16S420

R: TTAGGCCCAGTCCACACTCAAG

Dinucleotide

(1)

D2S141

F: ACTAATTACTACCCNCACTCCC

Dinucleotide

(1)

D2S141

R: TTTTCCAAACAGATACAGTGAACTT

Dinucleotide

(1)

D5S1457

F: TAGGTTCTGGGCATGTCTGT

Tetranucleotide

(1)

D5S1457

R: TGCTTGGCACACTTCAGG

Tetranucleotide

(1)

D5S1505

F: TAAGTGCCAGAGTCTCCCAC

Tetranucleotide

(1)

D5S1505

R: TAAGGCATGTCTCGGAGCTA

Tetranucleotide

(1)

D6S501

F: GCTGGAAACTGATAAGGGCT

Tetranucleotide

(1)

D6S501

R: GCCACCCTGGCTAAGTTACT

Tetranucleotide

(1)

O4_6

F: GGCAATGTAACATATCCCTCTGTGT

Tetranucleotide

(2)

O4_6

R: AGCCATGGACCTTGTGAGAAAAG

Tetranucleotide

(2)

O4A1

F: CTCCCCTTCCTTCCTTTATTCAGTT

Tetranucleotide

(2)

O4A1

R: CAACACTTGGCAGTCACAAATCAG

Tetranucleotide

(2)

O4A5

F: ATGGGCCCAGAAAACAACTCAGT

Tetranucleotide

(2)

O4A5

R: AGATAAAGGAATGGATAGATGGACAGA

Tetranucleotide

(2)
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O4A7

F: ACTGGCCCATTCAAAGTCTGTCATT

Tetranucleotide

(2)

O4A7

R: ACTGGCCCATTCAAAGTCTGT

Tetranucleotide

(2)

O4A8

F: CACAGGGTCCAAACTCAGATTATTG

Tetranucleotide

(2)

O4A8

R: CCTTCCCCCTCATGTAGTTATCAA

Tetranucleotide

(2)

O4B3

F: TTCCAGAAGGGGCGAGAAGTT

Tetranucleotide

(2)

O4B3

R: GTTGGGACCAAACAGTTGTCAATAA

Tetranucleotide

(2)

O4B5

F: GAGCCCTGATTCGTTTTACTGG

Tetranucleotide

(2)

O4B5

R: AGCAAAGGCAGAAAACTGTAATGA

Tetranucleotide

(2)

O4B6

F: TGGAGCCTGAATATGTGACTGAAT

Tetranucleotide

(2)

O4B6

R: AATGCCAGGATTTCCTTCTTTTT

Tetranucleotide

(2)

O4B17

F: GTACCGACGGTGCACGAACAATGTA

Tetranucleotide

(2)

O4B17

R: AGCCTGGCTGAAAAGTGGAACTGAG

Tetranucleotide

(2)

O4B20

F: CCTGCATTTTGTCACTCCCTCAACC

Tetranucleotide

(2)

O4B20

R: CTGCCACACCTCCATGGACACAGAT

Tetranucleotide

(2)

O4B24

F: TCTGAGGTACCCTGTAACAAAGAAA

Tetranucleotide

(2)

O4B24

R: GAAATCCCAGTACCATATAAATGTCAT

Tetranucleotide

(2)

O4C9

F: TGCAGGCCAGGGCTTCTTTCAA

Tetranucleotide

(2)

O4C9

R: CAGTCTCCCCAGGACCCCTACACAG

Tetranucleotide

(2)

O4C13

F: CTGGGCACACTGTATATGGGGTAG

Tetranucleotide

(2)

O4C13

R: GTTTGAGACCACTCATGATGCAAAGACC

Tetranucleotide

(2)

O4Chr5

F: CAGCAGCTCCTGAAATATCTGTCC

Tetranucleotide

(2)

O4Chr5

R: GTTTGGGGTAGAGGAAAGCAGGTTGAT

Tetranucleotide

(2)

O4Chr7

F: CATCTCTTTATGGCTGACTGTTGAT

Tetranucleotide

(2)

O4Chr7

R: GTTTGGTCCAAGACAAATTTGTATGAGT

Tetranucleotide

(2)

(1) Goossens et al. (2005)
(2) Nietlisbach et al. (2010)
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APPENDIX V: Summary of microsatellite loci showing allelic range, genotyping success
and error rates.
Errors calculated from repeated genotype data of 13 samples from 6 individuals.

Locus
D1S550
D2S141
D2S1326
D3S2459
D4S2408
D5S1457
D5S1470
D5S1505
D6S501
D12S375
D13S321
D13S765
D4S1627
D16S420
O4_6
O4A1
O4A5
O4A7
O4A8
O4B3
O4B5
O4B6
O4B17
O4B20
O4B24
O4C9
O4C13
O4Chr5
O4Chr7
Mean

No. of
Alleles
6
7
5
8
5
9
5
8
5
3
7
6
4
4
5
5
5
3
1
3
7
7
8
4
1
4
4
5
12
5.38

Range
130 - 164
144 - 164
204 - 220
189 - 219
271 - 287
96 - 132
214 - 230
205 - 251
154 - 178
171 - 183
183 - 222
183 - 207
189 - 209
178 - 191
109 - 149
164 - 180
184 - 208
143 - 151
161
145 - 171
245 - 277
235 - 267
287 - 315
284 - 308
116
213 - 225
280 - 292
167 - 183
163 - 211
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Genotyping
success (%)
72
71
66
69
51
58
64
50
55
12
53
58
100
62
67
54
59
60
58
64
55
24
46
41
61
53
38
57
51
56

Errors
(%)
11.1
9.1
0.0
11.1
0.0
0.0
7.1
8.3
0.0
ND
5.6
11.1
ND
0.0
7.1
12.5
7.1
0.0
0.0
8.3
14.3
12.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
4.6
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APPENDIX VI: Summary of allelic diversity for all microsatellite loci.
Dependent infants were excluded from these analyses; as such these figures represent presumed postdispersal individuals. Probability values for deviation from Hardy-Weinberg equilibrium are
presented after Bonferroni correction for multiple tests. HO = Observed Heterozygosity. HE =
Expected Heterozygosity, or expected number of alleles in 38 gene copies. ND = Not Done. *
indicates significance at p < 0.05. † indicates monomorphic loci.

Locus
D1S550
D2S1326
D3S2459
D4S2408
D5S1470
D12S375
D13S321
D13S765
D16S420
D2S141
D5S1457
D5S1505
D6S501
O4_6
O4A1
O4A5
O4A7
O4A8
O4B3
O4B5
O4B6
O4B17
O4B20
O4B24
O4C9
O4C13
O4Chr5
O4Chr7

No. of
alleles
6
5
8
5
5
3
7
6
4
7
9
8
5
5
5
5
4
1†
2
7
7
8
4
1†
4
4
5
12

No. of
genotyped
individuals
52
48
52
36
42
9
37
51
53
41
52
36
49
49
49
47
47
48
53
47
31
44
38
51
50
40
41
38

HO

HE

0.519
0.542
0.846
0.611
0.714
0.111
0.703
0.627
0.453
0.634
0.846
0.694
0.653
0.510
0.735
0.553
0.447
0.000
0.075
0.660
0.806
0.750
0.368
0.000
0.500
0.600
0.854
0.947

0.540
0.604
0.778
0.557
0.734
0.582
0.790
0.600
0.545
0.713
0.823
0.813
0.741
0.482
0.771
0.647
0.447
0.000
0.073
0.717
0.832
0.818
0.481
0.000
0.653
0.687
0.787
0.871
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Hardy- Polymorphic
Probability
Weinberg Information
of Identity
p-value
Content
0.682
0.502
0.250
0.482
0.514
0.245
0.710
0.737
0.086
0.599
0.513
0.239
0.254
0.675
0.126
0.003 *
0.448
ND
0.539
0.744
0.084
0.964
0.559
0.200
0.586
0.438
0.314
0.495
0.654
0.138
0.985
0.791
0.058
0.235
0.775
0.065
0.561
0.686
0.119
0.682
0.404
0.346
0.242
0.721
0.098
0.485
0.593
0.176
0.211
0.392
0.361
ND
0.000
1.000
1.000
0.070
0.863
0.222
0.662
0.132
0.785
0.796
0.056
0.361
0.781
0.064
0.245
0.395
0.356
ND
0.000
1.000
0.084
0.586
0.186
0.402
0.629
0.152
0.768
0.742
0.085
0.050
0.846
0.034
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APPENDIX VII: Mitochondrial haplotypes for 45 individuals from Sabangau.
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APPENDIX VIII: Pairwise relatedness estimates (r), calculated by the TrioML method.
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APPENDIX IX: Summary of mean relatedness estimates within and between sexes at
different sub-sites.
Relatedness estimated using TrioML in Coancestry, based on individuals genotyped to 8 or more loci.
Mean r value shown, with variance in brackets. N = number of pairwise comparisons within the set.
NA = Not Applicable, when insufficient individuals of a class were genotyped from a location.
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APPENDIX X: Summary of ∆r within and between sexes at different sub-sites, based on
comparison to overall relatedness estimates.
Relatedness estimated using TrioML in Coancestry, based on individuals genotyped to 8 or more loci.
∆r value shown for comparison of sub-site results to overall means. N = number of pairwise
comparisons within the set. NA = Not Applicable, when insufficient individuals of a class were
genotyped from a location.
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APPENDIX XI: Parentage analyses (paternity, maternity and parent pair), showing
LOD scores and pairwise relatedness estimates.
Parentage analyses performed in Cervus; pairwise relatedness estimates calculated in
Coancestry using TrioML method. † indicates 80% confidence. * indicates 95% confidence.
Three-part identifiers are used for individuals, comprising sub-site code, sex and name.

(A)

Paternity analyses, listed by decreasing LOD score. Critical LOD scores for 80% and
95% confidence were 6.82 and 10.16, respectively.

322

Appendices
(B)

Maternity analyses, listed by decreasing LOD score. Critical LOD scores for 80%
and 95% confidence were 5.22 and 8.13, respectively.
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(C)

Parent Pair analyses, listed by decreasing LOD score. Critical LOD scores for 80%
and 95% confidence were 15.18 and 19.88, respectively.
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