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Orangutans in Perspective
Forced Copulat ions and Female Mat ing Resistance

Cheryl D, Knott and Sonya M. Kohlenberg

INTRODUCTION

Orangutans (genus Pongo) represent the extreme of many
biological para"rneters. Among mammals they have the
longest interbirth interval (up to 9 years) and are the largest
of those that are primarily arboreal. They are the most soli-
tary of the diurnal primates and the most sexually dimorphic
of the great apes. They range over large areas and do not
have obviously distinct communities. Additionally, adult
male orangutans come in two morphologically distinct types,
an unusual phenomenon known as bimaturisnt The smaller
of the two male morphs also pursue a mating strategy that is
rare among mammals: they obtain a large proportion of
copulations by force.

ib:$l{i** :::is:i\ijii*ijlti *u$l€..!*ril:.ri:q

Though intriguing, this suite of features has proven dif-
ficult for researchers to fully understand. The semi-solitary
lifestyle of orangutans combined with their slow life histor-
ies and large ranges means that data accumulate slowly.
Also, rapid habitat destruction and political instability in
Southeast Asia have left only a handful of field sites cur-
rently in operation (Fig. 17.1). Despite these difficulties,
long-term behavioral studies and recent genetic and hor-
monal data enable us to begin answering some of the most
theoretically interesting questions about this endangered
great ape. In this chapter, we summarize what is currently
known about the taxonomy and distribution, ecology, social
organization, reproductive parameters, and conservation of
wild oransutans. We also discuss recent advances in our
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Figl;r* I?.1 Maps of (A) Borneo and (B) Sumatra showing species and sub-species distinctions, study sites, densities and distributions [modified
from Caldecott and Miles (2005) by Kee, L. and Hendrickson, K.l.
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understanding of one distinctive orangutan behavior—forced
copulations.

TAXONOMY AND DISTRIBUTION

Evolutionary History and Past and Present
Distribution

Orangutans evolved in Asia during the Miocene epoch.
Sivapithecus, a Miocene ape, was hypothesized to be their
putative ancestor, based on similarities in the face and palate
(Pilbeam 1982); but later details of its lower jaw (Ward 1997)
and postcrania (Pilbeam et al. 1990) indicate it is instead a
sister taxon. The teeth of Lufengpithecus show similarities
to those of orangutans (Kelley 2002), but differences in its
face and periorbital region also exclude it from Pongo
ancestry (Chaimanee et al. 2004). Recently, Chaimanee and
colleagues (2004) found a new hominoid, Khoratpithecus
piriyai, in Thailand from the early Late Miocene (7–9 million
years ago), which shares unique, derived traits with orangutans
(such as the absence of anterior digastric muscles) and is
therefore a likely ancestral candidate.

At the height of their distribution, orangutans ranged
throughout the tropical and subtropical regions of eastern
and southeastern Asia. Orangutan fossils and subfossils 
primarily consist of teeth and jaw fragments found in 
China, Thailand, Vietnam, Sumatra, Java, and possibly
Burma and northeastern India (Bacon and Long 2001; Gu 
et al. 1987; Hooijer 1948, 1960; Kahlke 1972; Pei 1935;
Schwartz et al. 1994, 1995). These extinct populations 
had significantly larger teeth than do modern orangutans
(Bacon and Long 2001, Hooijer 1948, Schwartz et al. 1995).
The first complete fossil orangutan skeleton was recently
described (Bacon and Long 2001). The specimen has a
small body and proportionally longer arms, particularly
forearms, than legs (Bacon and Long 2001), consistent with
arboreality.

Orangutans are now restricted to the islands of Borneo
and Sumatra. Both ecological and anthropogenic factors
seem to be responsible for their range collapse (Delgado and
van Schaik 2000). Tropical and subtropical zones shifted
during the Pleistocene (Jablonski 1998, Jablonski et al.
2000), and mean annual temperature rose (Harrison 1999,
Medway 1977), leading to habitat constriction. Among
other evidence of human influence (Delgado and van Schaik
2000), orangutan remains found in caves in northern Borneo
show that they were preyed upon by humans (Hooijer 1960,
Medway 1977).

Orangutans live in true wet rain forests with reported 
average annual rainfall between 2,000 (Galdikas 1988) and
4,500 (Lawrence and Leighton 1996) mm. The primary
habitat types they occupy are peat and freshwater swamps
and lowland forests. Orangutans have been found living 
up to an altitude of 1,200 m; however, their distribution 
declines with increasing elevation (Djojosudharmo and van
Schaik 1992).

Taxonomic Status

Formerly, orangutans were classified into two subspecies
(Courtenay et al. 1988, Jones 1969). However, orangutan
taxonomy has been under recent study and revision, with the
majority of molecular and morphological analyses finding
the level of differentiation between Sumatran and Bornean
populations to be equal to or greater than that between the
two species of chimpanzee (Bruce and Ayala 1979, Ferris 
et al. 1981, Groves 1986, Janczewski et al. 1990, Ruvolo et al.
1994, Ryder and Chemnick 1993, Uchida 1998, Warren et al.
2001, Xu and Arnason 1996, Zhi et al. 1996). Thus, recent
taxonomies now elevate the subspecies distinction between
Sumatran and Bornean orangutans to the species level
(Groves 2001), distinguishing them as Pongo pygmaeus in
Borneo and P. abelii in Sumatra. Warren et al. (2001) esti-
mate a divergence time of approximately 1.1 million years
ago. However, dissenting opinions exist (Muir et al. 1995,
1998), and Bornean and Sumatran orangutans interbreed in
captivity and produce fertile offspring. Although morphologi-
cal and behavioral differences are emerging between the
two orangutan species (Delgado and van Schaik 2000), the
level of observed variation does not approach that witnessed
within other hominoid genera, such as Pan.

The Bornean species shows further genetic (Warren et al.
2000, 2001; Zhi et al. 1996) and morphological (Groves 1986,
Groves et al. 1992, Uchida 1998) variation, with most studies
pointing to geographically distinct populations, separated 
in large part by major rivers. Groves (2001) thus separates
the Bornean orangutan into three subspecies: P. pygmaeus 
pygmaeus in Sarawak and northwestern Kalimantan, P. 
p. wurmbii in southwestern and central Kalimantan, and 
P. p. morio in Sarawak and east Kalimantan (Fig. 17.1).
Furthermore, analysis of the mitochondrial DNA control re-
gion reveals four subpopulations on Borneo that diverged
860,000 years ago (Warren et al. 2001). These populations
correspond to the pygmaeus and wurmbii subspecies, with
the morio subspecies being further subdivided into Sabah
and east Kalimantan populations (Warren et al. 2001).

Morphology

Often referred to as the “red ape,” orangutans are covered
with thick reddish orange hair. Despite this coloration,
orangutans are often hard to see as they spend over 95% of
their time high up in the canopy (Knott 2004). Orangutans
negotiate the canopy through quadrumanual clambering,
grasping supports with both their hands and feet (Knott
2004). Morphological adaptations for arboreality include
arms, hands, and feet that are longer than those of humans
and the other great apes (Fleagle 1999) as well as a shallow
hip joint that allows them to hang from any hand–foot 
combination because legs can be extended over 90 degrees
(MacLatchy 1996).

Orangutans are unusual because males appear to have 
indeterminate growth, meaning that they put on weight
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these males can remain in this stage for over 20 years
(Utami Atmoko and van Hooff 2004) and are fully capable
of siring offspring (Kingsley 1982, 1988; Utami et al. 2002).
Endocrinological data from captive orangutans show that
the decoupling of fertility and secondary sexual trait devel-
opment in unflanged males results from gonadotropin and
testicular steroid levels being sufficient for spermatogenesis
but inadequate for triggering secondary sexual maturation
(Kingsley 1982, Maggioncalda et al. 1999).

Wild orangutan females weigh on average 39 kg, which
is only 45% of flanged male body size (Markham and Groves
1990). This makes orangutans one of the most sexually 
dimorphic species on record. The evolution of this extreme
dimorphism has been attributed to male–male competition
(Rodman and Mitani 1987), female choice (Fox 1998, Utami
et al. 2002), and sexual coercion (Smuts and Smuts 1993).

Phenotypic differences between the two orangutan species
seem to exist, but no systematic study comparing soft tissue
and appearance has yet been completed. Skeletal differences,
though, are comparatively well studied. Cranial morphology
and dimensions are highly variable in modern Pongo; how-
ever, there is perhaps more variation within the Bornean
species than between P. pygmaeus and P. abelii (Courtenay
et al. 1988). Among these differences are the shape and
profile of the face, degree of prognathism, shape of the brain

throughout their lives (Leigh and Shea 1995). This growth
pattern has been described only for a handful of other mam-
mals and is thought to be associated with intense inter-male
competition. Orangutans are also exceptional for having 
two morphologically distinct types of adult male (Galdikas
1985a,b; Graham and Nadler 1990; Kingsley 1982, 1988;
MacKinnon 1979; Maggioncalda et al. 1999, 2000, 2002;
Mitani 1985a,b; Schürmann and van Hooff 1986; te Boekhorst
et al. 1990). One type is large, weighing over 80 kg in the
wild (Markham and Groves 1990), and possesses secondary
sexual characteristics, including projecting cheek pads or
“flanges,” a pendulous throat pouch, a coat of long hair, and
a musky odor (reviewed in Crofoot and Knott in press) 
(Fig. 17.2A). Several times daily, these so-called flanged
males produce loud vocalizations known as long calls, which
are audible to humans up to 800 m away (Mitani 1985b).
Long calls seem to mediate spacing between flanged males
(Mitani 1985b), coordinate community movements (Delgado
and van Schaik 2000), and perhaps attract females (Delgado
in press, Fox 2002, Galdikas 1983, Utami and Mitra Setia
1995, Utami Atmoko 2000). The second type of male is half
the size of flanged males and does not have secondary sex-
ual characteristics or produce long calls (Fig. 17.2B). These
unflanged males, were originally referred to as subadults
(e.g., Galdikas 1985a,b), but this term is misleading since

Figure 17.2 Photos of (A) flanged and (B) unflanged males from Gunung Palung National Park (photos by Tim Laman).

(A) (B)
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case, and several features of the teeth (Groves 1986,
Jacobshagen 1979, Rorhrer-Ertl 1988, van Bemmel 1968).

ECOLOGY

Food Availability

The Southeast Asian rain forest is characterized by dramatic
fluctuations in the availability of the orangutan’s preferred
food—fruit. These fluctuations are particularly pronounced
in the lowland forests that were once the predominant 
habitat type. Bornean and Sumatran forests are dominated by
trees in the dipterocarp family that periodically experience a
mast fruiting phenomenon in which up to 88% of the trees
of this and other plant families flower and fruit in synchrony
(Appanah 1985, Ashton 1988, Medway 1972, van Schaik
1986). Mast fruiting occurs every 2–10 years (Ashton 1988)
and appears to be driven by climatic events associated with
the El Niño weather pattern (Curran et al. 1999), although
the El Niño effect may wane farther west (Wich and van
Schaik 2000). By fruiting in synchrony, on an unpredictable
cue, these plants are able to swamp out seed predators 
(primarily insects but also vertebrates such as forest pigs
and primates), thus ensuring a higher likelihood of seedling
survival than if they reproduced at nonsynchronized regular
intervals (Curran et al. 1999, Curran and Leighton 2000).
Mast fruitings are often followed by periods of extremely
low fruit availability (Knott 1998b). Other plant species 
reproduce at more regular intervals, and smaller fruiting
peaks are also observed. Overall, compared to African and
South American rain forests, these forests experience much
greater inter- and intra-annual variability in fruit production
(Fleming et al. 1987). The high species diversity of these
forests also leads to more uneven food distribution. Thus,
the rain forest habitat for orangutans provides resources 
that are more patchily distributed in space and time and an
overall lower productivity than is found in rain forests of
other tropical regions. Certain orangutan habitat types, such
as peat swamps, are less subject to mast fruiting because of
lower dipterocarp density, but fruit availability is still highly
variable (Galdikas 1988). It also appears that mast fruiting
and fluctuations in fruit availability may be more pronounced
on Borneo than on Sumatra (Delgado and van Schaik 2000,
Rijksen and Meijaard 1999).

Activity Patterns

Orangutans cope with this overall lower food availability by
being primarily solitary foragers. Averaging across several
studies, orangutans divide their time among feeding (50.0%),
resting, (34.5%), traveling (12.9%), and nest building (1.3%)
activities, with the remaining time (1.3%) spent socializing,
mating, grooming, etc. (Fox et al. 2004, Galdikas 1988, Knott
1999b, Mitani 1989, Rijksen 1978, Rodman 1979). However,
these percentages may vary significantly from day to day,
and there may be individual variation, even within a site, in

how orangutans react to the same ecological conditions (Knott
1999b). Orangutans modify time spent feeding (Galdikas
1988, MacKinnon 1974, Mitani 1989, Rodman 1977), 
traveling (Galdikas 1988, Knott 1999b, Mitani 1989), and
resting (Mitani 1989) during periods of increased sociality.
Pronounced changes in activity profiles also occur with 
fluctuations in fruit availability (Knott in press a). Data from
Gunung Palung in Borneo show that during periods of high
fruit availability orangutans spend more time awake and
more time feeding, traveling, socializing, and mating (Knott
1999b). When fruit is low, orangutans at Gunung Palung
conserve energetic resources by spending less time awake
and traveling shorter distances per day (Knott 1998c, 1999b).

Diet and Nutrient Consumption

Orangutans may spend up to 100% of their foraging time
eating fruit when it is available (Knott 1998b). Fruits pro-
duced during masts are not only more abundant but also
higher in calories, carbohydrates, and lipids (Knott 1999b).
Orangutans cope with periods of low fruit availability by
feeding on leaves and bark as fallback food resources. They
also incorporate other foods into their diet, such as pithy
vegetation and insects, primarily termites. Their diet during
these low-fruit periods is much lower in quality, with a large
portion being derived from fiber. Vertebrate animal matter 
is rarely eaten, but orangutans in Sumatra have been seen
opportunistically hunting slow lorises on seven occasions
(Utami 1997) and eating a gibbon (Sugardjito and Nurhada
1981). Only one meat-eating observation, of a tree rat, has
been reported from Borneo (Knott 1998a). Daily caloric
consumption has been computed so far for one population,
Gunung Palung in Borneo. These records show dramatic
fluctuations associated with fruit availability, with orangutans
consuming two to five times more kilocalories during fruit-
rich periods compared to fruit-poor periods (Knott 1998b).

Physiologically, orangutans are particularly adapted to
fat storage. During periods of high fruit availability, they put
on fat stores, as measured by their intake of significantly
more calories than they expend (Knott 1998b). This adap-
tation appears to have evolved as a way to sustain them
through extended periods of low fruit availability, when
they have been shown, through the production of ketones 
in urine (Knott 1998b), to metabolize fat reserves. The
orangutan propensity for fat storage has long been known 
in zoos, where they become obese more readily than other
captive great apes and show higher rates of diseases associ-
ated with obesity, such as diabetes (Gresl et al. 2000).

Interisland Differences in Ecology

Because orangutan dietary composition changes with food
availability (Fox et al. 2004, Knott 1998b), it is difficult 
to compare typical diets between sites as the lengths of 
studies and food availability during studies are not held con-
stant. Some reviews suggest that Sumatran orangutans are
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Mitra Setia 1995). Patterns of residency are not permanent,
however, as resident males are known to leave their areas
voluntarily (Galdikas 1979) or to be forced out by nonresi-
dent or resident challengers (Utami and Mitra Setia 1995).

Grouping Patterns

Although orangutans are predominantly solitary, three types
of grouping can be distinguished (Utami et al. 1997): travel
bands, wherein individuals co-feed and travel together dur-
ing periods of high food availability; temporary aggregations,
in which individuals feed together during times of food scar-
city but travel independently; and consortships, in which 
a receptive female travels in a coordinated fashion with a
flanged or unflanged male for a period of several hours,
days, or weeks. Additionally, a mother and her dependent
offspring may travel with an older daughter and her off-
spring. At some sites, such as Suaq Balimbing in Sumatra,
orangutans have been observed to be much more gregarious
(van Schaik 1999).

Feeding competition (Wrangham 1980) seems to be 
important in the low levels of gregariousness seen in
orangutans and commonly takes the form of scramble 
competition, where orangutans compete for patchily dis-
tributed food sources. Competition may be more intense for
orangutans compared to other apes. Orangutans feed in trees
that are significantly smaller than those utilized by chim-
panzees and bonobos (Knott 1999a,b), and they experience
periods of much sparser food availability (reviewed above).
Contest competition also occurs in large fig trees (Sugardjito
et al. 1987, Utami et al. 1997). Predation probably plays an
insignificant role in regulating grouping patterns since it has
been reported only for formerly captive juveniles traveling
without a mother’s protection (Rijksen 1978).

Social Relationships

Orangutan social interactions are more limited than in many
other primates, with some individuals spending days or
weeks without contact with conspecifics. Orangutans rarely
groom themselves or others, which may reflect less of a need
for the social functions of grooming or, alternatively, a lower
ecoparasite load because of their more solitary lifestyle.

Despite their semisolitary nature, behavioral and experi-
mental evidence suggests that individualized relationships
exist (Delgado and van Schaik 2000, van Schaik and van
Hooff 1996). Male long calls appear to act as an important
mechanism by which relationships are communicated within
the dispersed society (Delgado and van Schaik 2000). One
flanged male can typically be recognized as dominant over
all other males within the immediate vicinity and gives long
calls at the highest rate (Delgado in press, Galdikas 1983,
Mitani 1985b, Utami and Mitra Setia 1995). By monitoring
the dominant male’s long calls, subordinate flanged males
avoid altercations with this male (Mitani 1985b), which is
totally intolerant of his flanged peers. Sexually receptive 

subjected to fewer environmental fluctuations and thus eat
more fruit and insects, whereas Bornean orangutans eat more
bark (Delgado and van Schaik 2000). However, other reviews
do not find a clear interisland difference (Fox et al. 2004). It
has been proposed that the Sumatran rain forest has a richer
volcanic soil than Bornean forests and thus may be more
productive (Wich et al. in press). Site-specific idiosyncrasies
exist as well. For example, the majority of research in
Sumatra has been done at Ketambe, which is known for its
unusually high density of very large crowned fig trees that
may provide a buffer during periods of low fruit availabil-
ity. Comparative research is needed to adequately address
whether there are overall interisland differences in ecology
and dietary composition. The most substantiated difference
is that orangutans at Suaq Balimbing in Sumatra eat twice 
as many insects as orangutans at other sites, and insect con-
sumption is not dependent on food availability (Fox et al.
2004). Suaq is a rich peat swamp where orangutan group
size is larger than at other sites, and individuals often use
tools to eat insects. Fox et al. (2004) found that insect 
abundance was almost twice as high at Suaq compared to
nearby Ketambe and suggested that this may contribute to
the invention and transmission of tool use.

SOCIAL ORGANIZATION

Ranging and Philopatry

Orangutan ranging behavior is still poorly understood 
because the areas that they occupy exceed the boundaries 
of study sites. Where orangutans have access to multiple
habitats, such as at Gunung Palung, they change habitats 
depending on food availability (Leighton and Leighton 1983).
At Suaq Balimbing, Singleton and van Schaik (2001) found
that minimum female range size was 850 ha, and flanged
and unflanged males used at least 2,500 ha. Orangutans are
not territorial in the classic sense of defending a home range.
Indeed, using Mitani and Rodman’s (1979) defensibility
index, their ranges are much larger than can be actively 
defended (van Schaik and van Hooff 1996).

In contrast to the other great apes, orangutans appear to
be female-philopatric (Galdikas 1988, Rijksen 1978, Rodman
1973, Singleton and van Schaik 2002, van Schaik and van
Hooff 1996). Adult female ranges show considerable over-
lap (Galdikas 1988; Knott 1998c; Singleton and van Schaik
2001, 2002; van Schaik and van Hooff 1996), and adolescent
females occupy ranges that overlap the ranges of their 
mothers (Singleton and van Schaik 2002). Although it 
was initially thought that males defended exclusive ranges
(Rodman 1973), it is now known that ranges of flanged
males overlap considerably (Knott 1998c, Singleton and van
Schaik 2001). Some flanged males remain in a fixed area
(“residents”), while others range over greater regions (“non-
residents”). The highest-ranking flanged male appears to 
occupy a range that overlaps with the ranges of numerous
females (Galdikas 1979, 1985a; Mitani 1985a; Utami and
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females prefer to mate with the dominant male and may also
use long calls to find this male during peak fecundity
(Delgado in press, Galdikas 1983). Flanged males are 
invariably dominant to unflanged males, as evidenced by
observations of unflanged males fleeing from flanged males
(Galdikas 1979, 1985a,b; Mitani 1985a; Utami Atmoko
2000) and being supplanted in fruit trees (Utami et al. 1997).
However, flanged males are markedly more tolerant of un-
flanged males and often allow them to remain in proximity
undisturbed (Galdikas 1985a). This tolerance is not due to
males being closely related (Utami et al. 2002), and it wanes
when a potentially reproductive female is present (Galdikas
1985a,b; Utami Atmoko 2000); however, aggression between
flanged and unflanged males rarely involves physical con-
tact. Unflanged males seldom act aggressively toward one
another, even in the presence of females (Galdikas 1985b,
Mitani 1985a). Dominance relationships among unflanged
males have not been fully described, but observations of 
approach–avoidance interactions, aggression, and mating
interruptions involving these males suggest that dominance
relationships exist (Galdikas 1979, 1985b; Utami Atmoko
2000). Little is known about dominance relationships among
adult female orangutans. At Ketambe, Utami and colleagues
(1997) described a nearly unidirectional pattern of female–
female displacements in fig trees, suggesting that a female
hierarchy is present.

Tool Use and Culture

Tool use is relatively rare in wild orangutans. This contrasts
with reports of captive orangutans habitually making and
using tools (Lethmate 1982). However, orangutans at all
sites make “leaf umbrellas” to hold over their heads during
rainstorms. Leaves are also used in agonistic displays
(Galdikas 1982, MacKinnon 1974, Rijksen 1978), for self-
cleaning (MacKinnon 1974, Rijksen 1978), as protection in
food acquisition (Rijksen 1978), and as drinking vessels
(Knott 1999a). Sticks have been used for scratching (Galdikas
1982) and dead wood for opening up durian fruits (Rijksen
1978). In a recent comparative study of orangutan sites, van
Schaik and colleagues (2003) determined that many of these
behaviors constitute cultural differences between populations
that are not explained by ecological circumstances. Other
non-tool-use local traditions include using leaves or the
hands to produce “kiss–squeak” vocalizations, riding tree
snags, exaggerated symmetrical scratching, building bunk
nests, constructing nest covers, and peculiar vocalizations
emitted routinely during nest building (van Schaik et al.
2003).

The site with the most habitual tool use is Suaq Balimbing
in Sumatra. Orangutans there strip sticks and use them to
harvest insects and Neesia seeds (Fox et al. 1999, van Schaik
and Knott 2001, van Schaik et al. 1996). Use of sticks to 
extract Neesia seems to be a cultural difference as orangutans
at Gunung Palung in Borneo regularly eat this fruit but do
not use tools to extract the seeds (van Schaik and Knott

2001). Orangutans may invent tool use at a fairly constant
rate, but the high density of individuals at Suaq may permit
more regular transmission and diffusion throughout the 
population (Fox et al. 2004, van Schaik 2002).

REPRODUCTIVE PARAMETERS

Male Development

For males, the onset of sexual maturity occurs around 14 years
of age in the wild (Wich et al. 2004b). The timing of full 
development of secondary sexual characteristics, however,
is highly variable. Some males develop into flanged males
immediately following adolescence, while others experience
maturational delay that can last for a few or many years. 
At the extreme, adult males have been known to remain
unflanged for more than 20 years in the wild (Utami Atmoko
and van Hooff 2004). The variable timing of male develop-
ment contrasts sharply with the more predictable male 
development of the other great apes. Maturational delay
may be a temporary state, but the possibility that some
males never become flanged cannot be ruled out (Crofoot
and Knott in press).

Unflanged males can develop secondary sexual charac-
teristics quite rapidly (in less than a year) under both captive
and wild conditions (Kingsley 1988, Utami and Mitra Setia
1995). This development has been linked physiologically 
to a surge in testicular steroids and growth hormones
(Maggioncalda et al. 1999, 2000). However, the underlying
mechanism involved in triggering or, alternatively, sup-
pressing development of unflanged males remains elusive. It
may be that the presence of flanged males inhibits unflanged
male development (Graham and Nadler 1990; Kingsley 1982,
1988; Maggioncalda et al. 1999). This hypothesis stems
from anecdotal zoo reports that describe unflanged males
developing secondary sexual features soon after being sep-
arated from their flanged cagemate (e.g., Maple 1980). Field
observations from Ketambe also support this view since 
two unflanged males at this site developed secondary sexual
characteristics shortly after the dominant male was over-
thrown (Utami Atmoko 2000). Against this hypothesis,
unflanged males in captivity have fully matured while a
flanged male was present (Kingsley 1982, Maggioncalda 
et al. 1999). In their captive study, Maggioncalda and col-
leagues (2002) rejected the possibility that “arrested devel-
opment” in unflanged males is due to chronic stress imposed
upon them by flanged males since cortisol, the hormone that
when elevated is associated with psychosocial stress, is
lower in unflanged than flanged males. They suggest that 
selection has maintained arrested development as an alter-
native male reproductive strategy (Maggioncalda et al.
1999). Under this model, males who “play it safe” by 
postponing the development of secondary sexual features at
puberty avoid the high costs associated with being a flanged
male (e.g., male–male aggression, immunosuppression caused
by high androgen levels) but are less reproductively 
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access, copulations were restricted to mid-cycle and were
cooperative, with females exhibiting proceptive behavior.

Orangutans are striking for giving birth only once every
8–9 years, on average (Galdikas and Wood 1990, Wich et al.
2004b). These long interbirth intervals seem to be due to
suppressed ovarian function during much of this time (Knott
2001). Knott (1999b) showed that during periods of low fruit
availability orangutans have lower levels of estrone con-
jugates (E1C) compared to periods of high fruit availability.
Levels of E1C have been shown in captivity to be positively
correlated with conception rates (Masters and Markham 1991).

Why should orangutans give birth so rarely? Due to the
low fruit availability in the Southeast Asian rain forests,
orangutans may spend significant periods in negative energy
balance when their ovarian function is suppressed (Knott
1999b). This in combination with postpartum amenorrhea
due to the energetics of lactation may lengthen the period
when orangutans can conceive (Knott 1999a,b). In captivity,
where orangutan energy status is greatly improved, females
reach sexual maturity faster (Masters and Markham 1991),
conceive faster after each birth (Lasley et al. 1980), and
have dramatically shorter interbirth intervals (Knott 2001,
Markham 1990). Additionally, in captivity, low body weight
has been shown to result in amenorrhea, and increased urinary
hormones are linked to weight gain (Masters and Markham
1991). Low food availability may also lead orangutan 
mothers to postpone weaning until their juveniles can forage
on their own (van Noordwijk and van Schaik in press).

Mating Behavior

Copulation typically occurs face-to-face (Galdikas 1981)
and averages 10 min in length (Galdikas 1981, MacKinnon
1979, Mitani 1985a). In the wild, mating strategies differ 
between unflanged and flanged males. Flanged males pre-
dominately use a “consort/combat” tactic whereby they 
advertise their presence with long calls and wait for females
to approach them to establish a consortship (Galdikas
1985a: 20). Mating usually occurs multiple times during a
consortship and involves the complete cooperation of the 
female (Fig. 17.3). Due to the dispersed nature of orangutan
society, dominant males cannot entirely prevent subordinates
from mating. Females express strong mating preferences 
for the locally dominant male and seek out this male around
the time of presumed ovulation (Fox 1998, Utami Atmoko
2000). In addition to initiating consortships, females play an
active role during mating with the dominant male by aiding
with intromission, manually or orally stimulating male geni-
talia, and performing pelvic thrusts (Fox 1998; Galdikas
1979, 1981; Schürmann 1981, 1982; Utami Atmoko 2000).
Females are less proceptive toward subordinate flanged males.
These males initiate most of their consortships (Galdikas
1981, Utami Atmoko 2000) and frequently force females 
to copulate. For example, the unusually high proportion of
forced copulations by flanged males at Kutai (Fig. 17.3) is
attributable to low-ranking flanged males (Mitani 1985a).

successful due to female mate choice for flanged males and
reduced competitive ability (Maggioncalda et al. 1999: 27).
However, males that experience developmental arrest are
thought to achieve approximately the same lifetime fitness
as males that “take a chance” (i.e., immediately undergo
secondary maturation at puberty) because they end up living
longer (Maggioncalda et al. 1999: 27). The influence of 
energetic status, genetic variation, or a combination of these
factors has not been considered so far but may also play an
important role in male maturational delay (Crofoot and
Knott in press, Knott 1999a).

If flanged males do suppress the development of
unflanged males, how might this occur? Because wild males
are rarely in visual or olfactory contact, some have proposed
that long calls given by flanged males may suppress un-
flanged male development via direct connections between
the auditory area of the brain and the hypothalamus
(Maggioncalda et al. 1999). It is thought that full maturation
is initiated only once the density of calling males is
sufficiently low. However, the putative auditory–endocrine
mechanism is problematic, given that not all flanged males
regularly produce long calls (Utami and Mitra Setia 1995),
making long calls an unreliable indicator of flanged male
density. Additionally, no auditory–endocrine mechanism
has yet been described in primates. Further investigation is
necessary, although controlled experiments are not possible
in the wild and would be difficult in captivity.

Female Development and Ovarian Function

In the wild, orangutan females reach sexual maturity at 
approximately 10–11 years (Knott 2001). Like most other
primates, they experience a period of adolescent subfecund-
ity (a lower probability of conception in each cycle and/
or irregular occurrence of ovulation within cycles), which 
lasts 1–5 years (Knott 2001). Age at first birth is around 
15 years (Knott 2001, Wich et al. 2004b). As in humans, 
the menstrual cycle averages 28 days (Knott in press b,
Markham 1990, Nadler 1988). Gestation in orangutans 
is approximately 8 months (Markham 1990). Pregnancy is 
recognizable to human observers by a slight but conspicu-
ous swelling and lightening in color of the perineal tissues and
enlargement of the nipples and eventually the abdominal 
region (Fox 1998, Galdikas 1981, Schürmann 1981).

Unlike the other great apes (Graham 1981), orangutans
exhibit no sexual swellings or other outward indicators of
ovulation (Graham-Jones and Hill 1962, Schultz 1938). In
the wild, copulations are concentrated around mid-cycle,
and ovulation appears to be effectively concealed from
males since males rely on female proceptive behavior for 
information about cycle timing (Fox 1998). Nadler’s (1982,
1988) experimental work with captive orangutans also sup-
ports this conclusion. In these experiments, when male and
female orangutans were freely accessible to each other in a
single cage, males forcibly copulated with females on most
days of the cycle. However, when females controlled male

PIPC02f  11/11/05  17:08  Page 296



Orangutans in Perspective 297

While on consort, flanged males closely guard females and
react aggressively to the calls or presence of other males, 
including unflanged males that often tag along with consort-
ing pairs (Galdikas 1981). If two flanged males meet in the
presence of a receptive female, escalated contests often ensue
and the dominant male will take over a subordinate male’s
consortship (Galdikas 1985a). Wounds suffered during male–
male fights can be serious (Galdikas 1985a) and even fatal
(Knott 1998a). Participating in consortships is costly for
flanged males because they must adjust their normal activity
budgets to accommodate the longer day ranges of females
(Mitani 1989, Utami Atmoko and van Hooff 2004). Flanged
males are therefore somewhat selective about the identity of
their consorts: they sometimes reject or react passively to
nulliparous females but readily accept parous females as
consort partners (Galdikas 1981, 1985a, 1995; Schürmann
1981, 1982). Such selectivity is likely adaptive since young
females have a higher probability of being subfecund.

Unflanged males usually adopt a lower-profile mating
strategy in which they do not emit long calls or form con-
sortships but instead actively search for mating opportunities
(Galdikas 1985a,b). Females are generally not proceptive
toward these males, but unflanged males try to copulate 
despite female resistance (Table 17.1). The degree of female
resistance varies from mild to violent (Fox 1998, Galdikas
1981), but females never or very rarely receive wounds dur-
ing forced copulations (Galdikas 1981). Female resistance
occasionally alerts a nearby flanged male, which will chase
away the unflanged male (e.g., Galdikas 1981). However,
this scenario is rare as most forced copulations occur in the
absence of others.

Based on mating records and conception estimates, 
field researchers have long assumed that dominant flanged
males father the majority of offspring (Fox 1998; Galdikas
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Figure 17.3 Proportion of forced and cooperative matings at major
orangutan study sites for (A) flanged males and (B) unflanged males.
White bars indicate percentage of matings that were forced (i.e. females
resisted) and black bars indicate percentage of matings that were co-
operative. Data sources include studies with > 20 observed copulations
per category. Copulation sample sizes are as follows: Ketambe 
(N = 38/50, 94/70; averaged between two studies): Schürmann & van
Hooff 1986, Utami Atmoko, 2000; Kutai (N = 151/28): Mitani 1985a;
Tanjung Puting (N = 22/30): Galdikas 1985a,b; Suaq Balimbing 
(N = 90 with known outcomes/66): Fox, 2002.

Table 17.1 Predictions of and Problems with Hypotheses for the Function of Female Mate Choice in Orangutans
(Points of Difference Are Italicized)

INFANTICIDE AVOIDANCE

Predictions

• Females preferably mate with flanged males, especially the dominant 
male for protection.

• During stable rank periods, females resist mating with unflanged 
males and nondominant flanged males to concentrate paternity into 
dominant male.

• During unstable periods, both reproductive and nonreproductive
females mate polyandrously to confuse paternity. If females can 
recognize which male will overthrow the dominant, this male 
will be targeted.

Problems

• During stable periods, how does dominant male know if females 
mated with others in his absence?

• No infanticides have been observed or inferred in orangutans, 
despite theoretical expectations.

GOOD GENES

Predictions

• Females preferably mate with flanged males, especially the dominant
male for “good genes.”

• During stable rank periods, females resist mating with unflanged males
and nondominant flanged males when chance of insemination is high
to avoid conception.

• During unstable periods, potentially reproductive females should mate
with new dominant male following a take-over and with up-and-
coming males, if they can be recognized, in order to obtain these
males’ superior genes.

Problems

• Ketambe paternity results.

• Why do nonreproductive females mate polyandrously during unstable
periods?
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The major cause of orangutan decline is habitat destruc-
tion. Despite current conservation efforts, illegal logging has
reached epidemic levels, even within national parks (Felton
et al. 2003, Jepson et al. 2001, van Schaik et al. 2001). 
In 1993, it was estimated that over 80% of the orangutan’s
rain forest habitat had been cut down in the previous 
20 years (Tilson et al. 1993). Between 1985 and 2001, over
56% of Kalimantan’s lowland rain forests within protected
areas were destroyed (Curran et al. 2004). In addition to 
logging, both legal and illegal, other primary threats to
orangutan habitat are fire, conversion of rain forest to oil
palm plantations, mining, fragmentation, peat swamp drain-
age, and human encroachment (Rijksen and Meijaard 1999,
Robertson and van Schaik 2001, Singleton et al. 2004).
Additionally, the illegal pet trade is responsible for the death
of thousands of orangutans each year as mothers are killed
in order to capture their infants, which often subsequently die
in captivity (Rijksen and Meijaard 1999). Orangutans are
also lost through poaching for meat in some areas. The slow
growth rate of orangutans indicates that even if habitat is not
lost, populations cannot survive with an annual removal rate
of 1% (Singleton et al. 2004). This rate is probably exceeded
in many populations.

Orangutan conservation relies on accurate assessments of
population size, and it is usually not feasible to count actual
orangutans due to their low density and solitary roaming. Thus,
estimating density from calculations of orangutan nests has
become the standard methodology (van Schaik et al. 1995).
Refinements to this methodology include double counts of
each transect (Johnson et al. 2005), use of soil pH (Buij et al.
2003, Wich et al. 2004a) and nest tree species (Ancrenaz 
et al. 2004a) to estimate nest decay rate, use of population-
specific values for nests built per day (Johnson et al. 2005,
Ancrenaz et al. 2004a), and aerial nest count surveys by 
helicopter (Ancrenaz et al. 2004b). These studies suggest that
orangutan densities are related to the proportion of soft pulp
fruit in a given area (Djojosudharmo and van Schaik 1992,
van Schaik et al. 1995, Buij et al. 2003), the density of large
strangler figs (Wich et al. 2004a), and, at least in Sumatra,
soil pH (a correlate of strangler fig density) (Buij et al. 2003,
Wich et al. 2004a; but see Johnson et al. 2005 for a negative
finding from Borneo). Thus, habitat protection is clearly key
to orangutan survival.

DISCUSSION: FORCED COPULATIONS IN
ORANGUTANS

In this chapter, we highlighted several aspects of orangutan
biology that are exceptional among primates. One of the
most striking of these features is the regular occurrence of
forced copulations. The incidence of forced copulations
varies among populations and between Borneo and Sumatra
(Fig. 17.3), possibly due to differing costs of grouping for
flanged males (Delgado and van Schaik 2000). However, at
all sites, a substantial proportion of matings—mostly those

1979, 1985a,b; Rijksen 1978; Rodman and Mitani 1987;
Schürmann 1982; Schürmann and van Hooff 1986). Rela-
tively lower reproductive success of unflanged males is con-
sistent not only with female preference for flanged males 
but also the relaxed attitude flanged males display toward
unflanged males. In addition, theory predicts that flanged
males should outreproduce unflanged males; otherwise, the
development of metabolically expensive secondary sexual
features would have been selected against (Maggioncalda 
et al. 1999). However, the first paternity study of wild
orangutans found that unflanged males fathered six of the
ten offspring genotyped (Utami et al. 2002). Whether or not
conceptions occurred during forced copulations is unknown,
but the authors suggest that the unexpected success of
unflanged males is largely due to changing female strategies
when the locally dominant male’s position is challenged.
During periods of male rank instability (i.e., a single 
dominant male cannot be recognized), females at Ketambe
copulated with unflanged males, particularly residents, more
often and with little female resistance (Utami Atmoko
2000). It was during these periods that two-thirds of the 
offspring sired by unflanged males were conceived (Utami
et al. 2002). Whether the Ketambe paternity results will hold
up in other orangutan populations awaits further study.
Given the current evidence, however, we can rule out the
possibility that flanged males enjoy a reproductive monopoly
and must take seriously the suggestion that equally success-
ful alternative male reproductive strategies exist (Crofoot
and Knott in press, Maggioncalda et al. 1999, Utami et al.
2002, Utami and van Hooff 2004).

CONSERVATION

Orangutans are listed as endangered according to the World
Conservation Union red book listing. The most recent
orangutan population and habitat viability analysis estimates
that only 7,500 orangutans remain in Sumatra (Singleton 
et al. 2004). Bornean populations are estimated to include
13,600 in Sabah, 4,335 in east Kalimantan, 32,000 in central
Kalimantan, and 7,500 in west Kalimantan and Sarawak
(Singleton et al. 2004). However, the relevant figure for
species viability is not the overall population size but the
size of each isolated unit. This presents an even bleaker 
picture. Only populations of 500 or more individuals are
considered to be demographically and genetically stable
(Singleton et al. 2004). On Sumatra, there are only four 
remaining populations of over 500 individuals. Habitat is
being lost at an annual rate of 10%–15%; thus, orangutans
are projected to be extinct from Sumatra in 50–100 years,
except for one population (Singleton et al. 2004). Even
within their stronghold in central Kalimantan, orangutan
numbers are rapidly decreasing. The largest population in
Kalimantan, the Sebangau ecosystem, suffered a 50% decline
from 12,000 to 6,000 individuals between 1995 and 2004
(Singleton et al. 2004).
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involving unflanged males (Fig. 17.3)—are forcibly obtained.
Aggression in the mating context is not unique to orangutans
as it occurs in many Old World primates (van Schaik et al.
2004). However, forced copulation, the most extreme form
of mating aggression, is remarkably rare. Forced copulations
can occur only when females resist male mating attempts; thus,
understanding why females resist is critical for understanding
the evolution of this unusual mating pattern (van Schaik
2004). Here, we review current explanations for female 
mating resistance in orangutans.

Forced Copulation: Sexual Coercion or Mate
Assessment?

It is curious that female orangutans resist male mating 
attempts since females incur costs by doing so, such as 
reduced feeding efficiency (Fox 1998). Resistance is also
rarely effective. For example, at Kutai in Borneo, Mitani
(1985a) observed females struggling free in fewer than 10%
of forced mating attempts. It is therefore expected that 
females must gain some benefit by trying to prevent intro-
mission. What might this benefit be?

Females express clear mating preferences for the domi-
nant flanged male. Therefore, one possibility is that females
resist the solicitations of unflanged and subordinate flanged
males simply because these males are not preferred. If this
is the case, forced copulations can be considered a form 
of sexual coercion because female mate choice is negated
(Smuts and Smuts 1993). Because of their semi-solitary 
nature, orangutan females lack allies and are therefore par-
ticularly susceptible to sexual coercion (Smuts and Smuts
1993). Female resistance does not necessarily indicate that a
female is unwilling to mate, however. For instance, in some
species, females resist mating in order to gain information
about the health and vigor of prospective mates (Smuts and
Smuts 1993). This possibility may be especially applicable
to orangutans because the sexes have little contact with each
other outside of mating. If mate assessment is why orangutan
females resist, then stronger, more aggressive males are 
expected to achieve the highest reproductive success and to
be chosen by females for their good genes.

Data on female proceptive behavior suggest that the mate
assessment scenario is unlikely. Female orangutans prefer
dominant flanged males, and aggression is typically absent
when females mate with these males. However, it could be
that, when unflanged, these males were the most aggressive
in their cohorts and female preference for these males took
place during the unflanged stage (Fox 1998). Recent work at
Suaq by Fox (1998) provides the only test to distinguish be-
tween the sexual coercion and mate assessment hypotheses
in orangutans. Fox predicted that if female resistance was
due to negative mate choice (i.e., females being unwilling to
mate with a male), females would respond in a consistent
way to solicitations by particular males. On the other hand,
if resistance has to do with mate assessment, females would
decrease their resistance to males that had mated aggressively

with them in the past. Using 135 observed copulations, she
found that females at this site showed constancy in resis-
tance or variation in resistance that did not support the mate
assessment hypothesis (Fox 1998). In sum, given the avail-
able data, female orangutans appear to resist mating with
unflanged males because these males are not preferred.
Forced copulations can therefore be considered a form of
male sexual coercion.

The Function of Female Mate Choice

Why do orangutan females exercise such strong negative
and positive mate choice? Two main hypotheses, which are
not necessarily mutually exclusive, have been proposed: 
infanticide avoidance and good genes (Fox 1998, 2002;
Delgado and van Schaik 2000; van Schaik 2004). Predictions
of these hypotheses are outlined in Table 17.1.

Infanticide Avoidance

It is becoming increasingly evident that infanticide is a 
potential reproductive strategy for primate males (see reviews
by Hiraiwa-Hasegawa 1988, Hrdy and Hausfater 1984, van
Schaik 2000; but see Bartlett et al. 1993, Sussman et al.
1995). By killing infants they have not sired, males can 
create a new mating opportunity by interrupting a mother’s
lactational amenorrhea, causing her to return to a fecund state
sooner than would occur otherwise (Hrdy 1979). Given their
slow life histories, female orangutans, along with the other
great apes, should be among the primates most vulnerable 
to infanticide. Infanticide is especially common (85% of 
observed cases in wild primates; van Schaik 2000) when a
new male assumes a position of dominance either by suc-
cessfully challenging the former dominant or through other
means. Thus, in orangutans, stranger flanged males that
challenge the dominant male or resident unflanged males
that quickly rise in rank (“up-and-coming” males) should
pose the most serious infanticidal threat (van Schaik 2004).

One way primate females can protect themselves against
infanticide is by associating with a protector male (van
Schaik and Kappeler 1997). To secure a male’s protective
services, a female should ensure that he is reasonably certain
that he is the father of her offspring. The infanticide-
avoidance hypothesis thus sees female orangutan preference
for dominant flanged males and against unflanged and 
subordinate flanged males as a way to concentrate paternity
into the male that can offer protection. Regular association
between the sexes appears impossible in orangutans, but 
recent research suggests that males and females maintain
loose ties that may offer females protection. At Suaq, Fox
(2002) showed that females which associated with a flanged
male received less harassment from unflanged males seeking
copulation. Females seem to use long calls to locate protector
males when a threat is imminent. For example, females were
observed traveling rapidly toward long-calling males when
pursued by unflanged males (Fox 2002).
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be more effective than those of gorilla and chimpanzee 
females has been offered. Thus, the infanticide-avoidance
hypothesis currently remains highly speculative.

Good Genes

Female orangutan mating preferences may also reflect a 
female’s effort to obtain “good genes” (Galdikas 1981, Mitani
1985b). Because female orangutans give birth to only a few
offspring, they should, whenever possible, select males with
the best genetic makeup to father their young. Thus, since it
has been assumed that dominant males sire the majority of
offspring, good genes has been a plausible explanation for
why females resist nondominant males and prefer to mate
with the dominant male. Females do not appear to assess
male genetic quality through mating resistance, but they
may use male body size, secondary sexual characteristics, or
dominance status as indirect indicators of genetic quality
(Fox 2002). New data have introduced major challenges to
the good-genes hypothesis (Table 17.1). First, the paternity
data introduced earlier show that, at least in one population,
the dominant male was not the most reproductively success-
ful (Utami et al. 2002). This suggests that female preference
for dominant males and against others cannot be due to good
genes alone. However, regardless of the paternity data, other
problems with the good-genes explanation remain. For 
example, if female orangutans are strictly interested in re-
ceiving good genes, how can we explain the fact that pregnant
and lactating females occasionally resist copulations (Fox
1998, Utami Atmoko 2000)? It could be that females never
want to risk conception by nondominant males, so they always
resist to “play it safe.” Alternatively, they may be attempting
to avoid other mating costs such as sexually transmitted 
diseases. No study has evaluated this possibility. Another
challenge to the good-genes explanation for female mating
preferences comes from observations of nonre-productive
females willingly mating during unstable rank periods (Utami
Atmoko 2000).

In sum, there is currently no consensus about the 
functional significance of female mating preferences in
orangutans. Neither the infanticide-avoidance nor the good-
genes explanation appears to be adequate, given the avail-
able data. Future paternity analyses from other populations
will help clarify whether the Ketambe results are generaliz-
able to all sites. It is possible that females pursue a mixed
strategy: they mate for good genes as well as protection
against infanticide. In the meantime, theoretical work should
focus on what other factors might explain the available data.

CONCLUSION

After more than 30 years of orangutan research in the wild,
extraordinary yet puzzling aspects of orangutan biology are
finally being addressed. However, much work remains.
Important goals for future research include documenting

However, females do not always resist copulations with
nondominant males. If the infanticide-avoidance hypothesis
is correct, how can these cooperative matings be explained?
Hrdy (1979) originally proposed that in species vulnerable
to infanticide, females may use sexual behavior to decrease
the risk of attack. Because males do not recognize their off-
spring, females are expected to mate with potentially infan-
ticidal males whenever possible, including when conception
is unlikely, to increase these males’ assessments of likely
paternity. If a newly dominant male is reasonably uncertain
about whether he sired an infant, it pays him, in terms of
fitness, to refrain from killing the infant (van Schaik et al.
2004). Thus, if female orangutans can recognize that a 
dominant male may be overthrown before the birth of their
next infant, the infanticide-avoidance hypothesis predicts
females should willingly copulate with up-and-coming
unflanged males or flanged males that are likely to be 
successful in challenging the dominant male. Intriguing 
new observations of orangutan mating behavior at Ketambe
in Sumatra are consistent with these predictions. When a 
single dominant male could not be recognized, females 
copulated with unflanged males more frequently and with
little resistance (Utami Atmoko 2000). Lactating females,
which typically do not behave proceptively, also readily 
engaged in consortships with flanged males (Utami Atmoko
2000). After a new dominant male assumed power, Ketambe
females began selectively approaching this male, even when
the former dominant was still around (Utami and Mitra Setia
1995). Paternity data also indicate that female orangutans
may be able to recognize males rising in rank because one
unflanged male at Ketambe which later became dominant
fathered 50% of all offspring sired by unflanged males (Utami
et al. 2002). These data, although limited, appear to support
the predictions of the infanticide-avoidance hypothesis.

There are also important problems with the infanticide-
avoidance hypothesis (Table 17.1). First, it is unclear why,
if female resistance to male mating attempts during stable
periods (i.e., when a single dominant male can be recognized)
functions to concentrate paternity into the dominant male,
females should resist copulations when the dominant male 
is absent. How would the dominant male know if females
mated with others? Second, and much more damaging to
this hypothesis, is that despite nearly four decades of study,
successful or attempted infanticides have never been reported
in wild orangutans (van Schaik and van Hooff 1996, van
Schaik 2000). The absence of infanticide is surprising since
numerous infanticides have been recorded in other great
apes (chimpanzees, see Chapter 19; gorillas, Watts 1989,
see Chapter 18), with the exception of bonobos. Orangutan 
females are often not seen by researchers for months at a time;
however, it is unlikely that infanticides have been missed
because infant survivability is remarkably high (Wich et al.
2004b). van Schaik (2004) attributes the discrepancy between
theoretical expectations and the lack of infanticides to the
successfulness of female counterstrategies. However, so far,
no explanation for why orangutan counterstrategies would
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ecological, morphological, and behavioral differences between
and within the two orangutan species, developing tests to
elucidate the mechanism underlying arrested male develop-
ment, and collecting paternity data at multiple sites to un-
derstand male development and male and female mating
strategies. However, the issue that must move to the fore-
front of all agendas is conservation—habitat protection, in
particular. For without increased efforts to save orangutans,
we will lose the opportunity to fully understand and appreciate
this unique species.

REFERENCES

Ancrenaz, M., Calaque, R., and Lackman-Ancrenaz, I. (2004a).
Orangutan nesting behavior in disturbed forest of Sabah,
Malaysia: implications for nest census. Int. J. Primatol.
25:983–1000.

Ancrenaz, M., Goossens, B., Gimenez, O., Sawang, A., and
Lackman-Ancrenaz, I. (2004b). Determination of ape distri-
bution and population size using ground and aerial surveys: 
a case study with orang-utans in lower Kinabatangen, Sabah,
Malaysia. Anim. Conserv. 7:375–385.

Appanah, S. (1985). General flowering in the climax rain forests 
of South-east Asia. J. Trop. Ecol. 1:225–250.

Ashton, P. S. (1988). Dipterocarp biology as a window to the 
understanding of tropical forest structure. Annu. Rev. Ecol. Syst.
19:347–370.

Bacon, A.-M., and Long, V. T. (2001). The first discovery of a
complete skeleton of a fossil orang-utan in a cave of the Hoa
Binh Province, Vietnam. J. Hum. Evol. 41:227–241.

Bartlett, T. Q., Sussman, R. W., and Cheverud, J. M. (1993). Infant
killing in primates: a review of observed cases with specific 
reference to the sexual selection hypothesis. Am. Anthropol.
95:958–990.

Bruce, E., and Ayala, F. (1979). Phylogenetic relationships between
man and the apes: electrophoretic evidence. Evol. Hum. Behav.
33:1040–1056.

Buij, R., Singleton, I., Krakauer, E., and van Schaik, C. P. (2003).
Rapid assessment of orangutan density. Biol. Conserv. 114:103–
113.

Chaimanee, Y., Suteethorn, V., Jintasakul, P., Vidthayanon, C.,
Marandat, B., and Jaeger, J. J. (2004). A new orang-utan rela-
tive from the Late Miocene of Thailand. Nature 427:439–441.

Courtenay, J., Groves, C., and Andrews, P. (1988). Inter- or intra-
island variation? An assessment of the differences between
Bornean and Sumatran orang-utans. In: Schwartz, J. H. (ed.),
Orang-utan Biology. Oxford University Press, Oxford. pp. 19–
29.

Crofoot, M. C., and Knott, C. D. (in press). What we do and don’t
know about orangutan male dimorphism. In: Galdikas, B. M.
F., Briggs, N., Sheeran, L. K., and Shapiro, G. L. (eds.), Great
and Small Apes of the World. Orangutans and Gibbons, vol. II.

Curran, L. M., Caniago, I., Paoli, G. D., Astiani, D., Kusneti, M.,
Leighton, M., Nirarita, C. E., and Haeruman, H. (1999). Impact
of El Nino and logging on canopy tree recruitment in Borneo.
Science 286:2184–2188.

Curran, L. M., and Leighton, M. (2000). Vertebrate responses to
spatio-temporal variation in seed production by mast-fruiting
Bornean Dipterocarpaceae. Ecol. Monogr. 70:101–128.

Curran, L. M., Trigg, S. N., McDonald, A. K., Astiani, D.,
Hardiono, Y. M., Siregar, P., Caniago, I., and Kasischke, E.
(2004). Lowland forest loss in protected areas of Indonesian
Borneo. Science 303:1000–1003.

Delgado, R. A. (in press). Sexual selection in the loud calls of male
primates: signal content and function. Int. J. Primatol.

Delgado, R. A., and van Schaik, C. P. (2000). The behavioral 
ecology and conservation of the orangutan (Pongo pygmaeus):
a tale of two islands. Evol. Anthropol. 9:201–218.

Djojosudharmo, S., and van Schaik, C. P. (1992). Why are
orangutans so rare in the highlands?: altitudinal changes in a
Sumatran forest. Trop. Biodivers. 1:11–22.

Felton, A. M., Engstrom, L. M., Felton, A., and Knott, C. D.
(2003). Orangutan population density, forest structure and fruit
availability in hand-logged and unlogged peat swamp forests in
West Kalimantan, Indonesia. Biol. Conserv. 114:91–101.

Ferris, S. D., Brown, W. M., Davidson, W. S., and Wilson, A. C.
(1981). Extensive polymorphism in the mitochondrial DNA of
apes. Proc. Natl. Acad. Sci. USA 78:6319–6323.

Fleagle, J. G. (1999). Primate Adaptation and Evolution. Academic
Press, San Diego.

Fleming, T. H., Breitwisch, R., and Whitesides, G. H. (1987).
Patterns of tropical vertebrate frugivore diversity. Annu. Rev.
Ecol. Syst. 18:91–109.

Fox, E. A. (1998). The function of female mate choice in the
Sumatran orangutan (Pongo pygmaeus abelii) [PhD thesis].
Duke University, Durham, NC.

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

Fox, E. A., Sitompul, A. F., and van Schaik, C. P. (1999).
Intelligent tool use in wild Sumatran orangutans. In: Parker, 
S. T., Mitchell, R. W., and Miles, H. L. (eds.), The Mentalities
of Gorillas and Orangutans. Cambridge University Press,
Cambridge. pp. 99–116.

Fox, E. A., van Schaik, C. P., Sitompul, A. F., and Doniele, N. W.
(2004). Intra- and interpopulational differences in orangutan
(Pongo pygmaeus) activity and diet: implications for the 
invention of tool use. Am. J. Phys. Anthropol. 125:162–174.

Galdikas, B. M. F. (1979). Orangutan adaptation at Tanjung Put-
ing Reserve: mating and ecology. In: Hamburg, D. A., and
McCown, E. R. (eds.), The Great Apes. Benjamin/Cummings,
Menlo Park, CA. pp. 194–233.

Galdikas, B. M. F. (1981). Orangutan reproduction in the wild. In:
Graham, C. E. (ed.), Reproductive Biology of the Great Apes:
Comparative and Biomedical Perspectives. Academic Press,
New York. pp. 281–300.

Galdikas, B. M. F. (1982). An unusual instance of tool-use among
wild orang-utans in Tanjung Puting Reserve, Indonesian Borneo.
Primates 23:138–139.

Galdikas, B. M. F. (1983). The orangutan long call and snag crash-
ing at Tanjung Puting Reserve. Primates 24:371–384.

Galdikas, B. M. F. (1985a). Adult male sociality and reproductive
tactics among orangutans at Tanjung Puting. Folia Primatol.
45:9–24.

Galdikas, B. M. F. (1985b). Subadult male orangutan sociality and re-
productive behavior at Tanjung Puting. Am. J. Primatol. 8:87–99.

Galdikas, B. M. F. (1988). Orangutan diet, range, and activity at
Tanjung Puting, central Borneo. Int. J. Primatol. 9:1–35.

Galdikas, B. M. F. (1995). Social and reproductive behavior of
wild adolescent female orangutans. In: Nadler, R. D., Galdikas,

PIPC02f  11/11/05  17:08  Page 301



302 PART TWO The Primates

Jepson, P., Jarvie, J. K., MacKinnon, K., and Monk, K. A. (2001).
The end for Indonesia’s lowland forests? Science 292:859–861.

Johnson, A., Knott, C., Pamungkas, B., Pasaribu, M., and Marshall, A.
(2005). A survey of the orangutan Pongo pygmaeus pygmaeus
population in and around Gunung Palung National Park, West
Kalimantan, Indonesia based on nest counts. Biol. Conserv.
121:495–507.

Jones, M. L. (1969). The geographical races of orangutan. Proc.
2nd Int. Congress Primatol. 2:217–223.

Kahlke, H. D. (1972). A review of the Pleistocene history of the
orang-utan. Asian Persp. 15:5–13.

Kelley, J. (2002). The hominoid radiation in Asia. In: Hartwig, 
W. C. (ed.), The Primate Fossil Record. Cambridge University
Press, Cambridge. pp. 369–384.

Kingsley, S. R. (1982). Causes of non-breeding and the develop-
ment of secondary sexual characteristics in the male orangutan:
a hormonal study. In: de Boer, L. E. M. (ed.), The Orangutan:
Its Biology and Conservation. Dr. W. Junk Publishers, The
Hague. pp. 215–229.

Kingsley, S. R. (1988). Physiological development of male 
orang-utans and gorillas. In: Schwartz, J. H. (ed.), Orang-utan
Biology. Oxford University Press, New York. pp. 123–131.

Knott, C. D. (1998a). Orangutans in the wild. Natl. Geogr.
194:30–57.

Knott, C. D. (1998b). Changes in orangutan diet, caloric intake and
ketones in response to fluctuating fruit availability. Int. J.
Primatol. 19:1061–1079.

Knott, C. D. (1998c). Social system dynamics, ranging patterns
and male and female strategies in wild Bornean orangutans
(Pongo pgymaeus). Am. J. Phys. Anthropol. Suppl. 26:140.

Knott, C. D. (1999a). Orangutan behavior and ecology. In:
Dolhinow, P., and Fuentes, A. (eds.), The Nonhuman Primates.
Mayfield Press. Mountain View, CA. pp. 50–57.

Knott, C. D. (1999b). Reproductive, physiological and behavioral
responses of orangutans in Borneo to fluctuations in food 
availability [PhD thesis]. Harvard University, Cambridge, MA.

Knott, C. D. (2001). Female reproductive ecology of the apes: 
implications for human evolution. In: Ellison, P. (ed.), Repro-
ductive Ecology and Human Evolution. Aldine de Gruyter,
New York. pp. 429–463.

Knott, C. (2004). Orangutans: the largest canopy dwellers. In:
Lowman, M. D., and Rinker, H. B. (eds.), Forest Canopies.
Academic Press, San Diego. pp. 322–324.

Knott, C. D. (in press a). Energetic responses to food avail-
ability in the great apes: implications for hominin evolution. 
In: Brockman, D. K., and van Schaik, C. P. (eds.), Primate
Seasonality: Implications for Human Evolution. Cambridge
University Press, Cambridge.

Knott, C. D. (in press b). Radioimmunoassay of estrone conjugates
from urine dried on filter paper. Am. J. Primatol.

Lasley, B., Presley, S., and Czekala, N. (1980). Monitoring ovulation
in great apes; urinary immunoreactive estrogen and bioactive
lutenizing hormone. Annu. Proc. Am. Soc. Zoo Vet. 37–40.

Lawrence, D. C., and Leighton, M. (1996). Ecological determinants
of feeding bout length in long-tailed macaques (Macaca fasci-
cularis). Trop. Biodivers. 3:227–242.

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

Leighton, M., and Leighton, D. (1983). Vertebrate responses to
fruiting seasonality within a Bornean rain forest. In: Sutton, 

B. M. F., Sheeran, L. K., and Rosen, N. (eds.), The Neglected
Ape. Plenum Press, New York. pp. 163–182.

Galdikas, B. M. F., and Wood, J. W. (1990). Birth spacing patterns
in humans and apes. Am. J. Phys. Anthropol. 83:185–191.

Graham, C. E. (1981). Menstrual cycle of the great apes. In:
Graham, C. E. (ed.), Reproductive Biology of the Great Apes:
Comparative and Biomedical Perspectives. Academic Press,
New York. pp. 1–43.

Graham, C. E., and Nadler, R. D. (1990). Socioendocrine interactions
in great ape reproduction. In: Ziegler, T. E., and Bercovitch, 
F. B. (eds.), Socioendocrinology of Primate Reproduction.
Wiley-Liss, New York. pp. 33–58.

Graham-Jones, O., and Hill, W. C. O. (1962). Pregnancy and 
parturition in a Bornean orangutan. Proc. Zool. Soc. Lond.
139:503–510.

Gresl, T. A., Baum, S. T., and Kemnitz, J. W. (2000). Glucose 
regulation in captive Pongo pygmaeus abelii, P. p. pygmaeus,
and P. p. abelii × P. p. pygmaeus orangutans. 19:193–208.

Groves, C. P. (1986). Systematics of the great apes. In: Swindler,
D. R. (ed.), Comparative Primate Biology. Alan Liss, New
York. pp. 187–217.

Groves, C. P. (2001). Primate Taxonomy. Smithsonian Institution
Press, Washington DC.

Groves, C. P., Westwood, C., and Shea, B. T. (1992). Unfinished
business: mahalanois and a clockwork orang. J. Hum. Evol.
22:327–340.

Gu, Y. M., Huang, W. P., Song, F. Y., Guo, X. F., and Chien, 
D. Y. (1987). The study of some fossil orang-utan teeth from
Guangdong and Guangxi. Acta Anthropol. Sin. 6:272–283.

Harrison, T. (1999). The palaeoecological context at Niah Cave,
Sarawak: evidence from the primate fauna. Bull. Indo-Pac.
Prehist. Assoc. 1964:521–530.

Hiraiwa-Hasegawa, M. (1988). Adaptive significance of infan-
ticide in primates. Trends. Ecol. 3:102–105.

Hooijer, D. A. (1948). Prehistoric teeth of man and of the orang-
utan from central Sumatra with notes on the fossil orang-utan
from Java and southern China. Zool. Med. 29:175–301.

Hooijer, D. A. (1960). The orang-utan in Niah cave pre-history.
Sarawak Mus. J. 9:408–421.

Hrdy, S. B. (1979). Infanticide among animals: a review, classifi-
cation, and examination of the implications for the reproductive
strategies of females. Ethol. Sociobiol. 1:13–40.

Hrdy, S. B., and Hausfater, G. (1984). Comparative and evolution-
ary perspectives on infanticide: introduction and overview. In:
Hausfater, G., and Hrdy, S. B. (eds.), Infanticide: Comparative
and Evolutionary Perspectives. Aldine de Gruyter, New York.
pp. xiii–xxxv.

Jablonski, N., Whitfort, M., Roberts-Smith, J. N., and Qinqi, X.
(2000). The influence of life history and diet on the distribution
of catarrhine primates during the Pleistocene in eastern Asia.
J. Hum. Evol. 39:131–157.

Jablonski, N. G. (1998). The response of catarrhine primates to
Pleistocene environmental fluctuations in east Asia. Primates
39:29–37.

Jacobshagen, B. (1979). Morphometrics studies in the taxonomy 
of the orang-utan (Pongo pygmaeus, L. 1760). Folia Primatol.
32:29–34.

Janczewski, D. N., Goldman, D., and O’Brien, S. J. (1990).
Molecular genetic divergence of orangutan (Pongo pygmaeus)
subspecies based on isozyme and two-dimensional gel electro-
phoresis. J. Hered. 81:375–387.

PIPC02f  11/11/05  17:08  Page 302



Orangutans in Perspective 303

S. L., Whitmore, T. C., and Chadwick, A. C. (eds.), Tropical
Rain Forest: Ecology and Management. Blackwell Scientific
Publications, Boston. pp. 181–196.

Lethmate, J. (1982). Tool-using skills of orangutans. J. Hum. Evol.
11:49–64.

MacKinnon, J. (1979). Reproductive behavior in wild orangutan
populations. In: Hamburg, D. A., and McCown, E. R. (eds.),
The Great Apes. Benjamin/Cummings, Menlo Park, CA. 
pp. 257–273.

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

MacLatchy, L. M. (1996). Another look at the australopithecine
hip. J. Hum. Evol. 31:455–476.

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

Maggioncalda, A. N., Sapolsky, R. M., and Czekala, N. M. (1999).
Reproductive hormone profiles in captive male orangutans: 
implications for understanding developmental arrest. Am. J.
Phys. Anthropol. 109:19–32.

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

Maple, T. (1980). Orangutan Behavior. van Nostrand Reinhold,
New York.

Markham, R., and Groves, C. P. (1990). Weights of wild orangutans.
Am. J. Phys. Anthropol. 81:1–3.

Markham, R. J. (1990). Breeding orangutans at Perth zoo: twenty
years of appropriate husbandry. Zoo Biol. 9:171–182.

Masters, A., and Markham, R. J. (1991). Assessing reproductive
status in orangutans by using urinary estrone. Zoo Biol. 10:197–
208.

Medway, L. (1972). Phenology of a tropical rain forest in Malaya.
Biol. J. Linn. Soc. 4:117–146.

Medway, L. (1977). The Niah excavations and an assessment of
the impact of early man on mammals in Borneo. Asian Persp.
20:51–69.

Mitani, J. C. (1985a). Mating behaviour of male orangutans in the
Kutai Game Reserve, Indonesia. Anim. Behav. 33:392–402.

Mitani, J. C. (1985b). Sexual selection and adult male orangutan
long calls. Anim. Behav. 33:272–283.

Mitani, J. C. (1989). Orangutan activity budgets: monthly variation
and the effects of body size, parturition, and sociality. Am. J.
Primatol. 18:87–100.

Mitani, J. C., and Rodman, P. S. (1979). Territoriality: the relation
of ranging pattern and home range size to defendability, with an
analysis of territoriality among primate species. Behav. Ecol.
Sociobiol. 5:241–251.

Muir, C., Galdikas, B. M. F., and Beckenbach, A. T. (1995).
Genetic variability in orangutans. In: Nadler, R. D., Galdikas,
B. M. F., Sheeran, L. K., and Rosen, N. (eds.), The Neglected
Ape. Plenum Press, New York. pp. 267–272.

Muir, C., Galdikas, B. M. F., and Beckenbach, A. T. (1998). Is
there sufficient evidence to elevate the orangutan of Borneo and
Sumatra to separate species? J. Mol. Evol. 46:378–379.

Nadler, R. D. (1982). Reproductive behavior and endocrinology of
orangutans. In: de Boer, L. E. M. (ed.), The Orangutan: Its
Biology and Conservation. Dr. W. Junk Publishers, The Hague.
pp. 231–248.

Nadler, R. D. (1988). Sexual and reproductive behavior. In:
Schwartz, J. H. (ed.), Orang-utan Biology. Oxford University
Press, New York. pp. 105–116.

Pei, W. C. (1935). Fossil mammals from the Kwangsi caves. Bull.
Geol. Soc. China 14:413–425.

Pilbeam, D. (1982). New hominoid skull material from the
Miocene of Pakistan. Nature 295:232–234.

Pilbeam, D. R., Rose, M. D., Barry, J. C., and Shah, S. M. I.
(1990). New Sivapithecus humeri from Pakistan and the rela-
tionship of Sivapithecus and Pongo. Nature 348:237–239.

Rijksen, H. D. (1978). A field study on Sumatran orang-utans
(Pongo pygmaeus abelii, Lesson 1827): ecology, behavior, 
and conservation. Veenman, H., and Zonen, B. V. (eds.),
Wageningen, The Netherlands. pp. 157–323.

Rijksen, H. D., and Meijaard, E. (1999). Our Vanishing Relative:
The Status of Wild Orang-utans at the Close of the Twentieth
Century. Kluwer Academic Publishers, Boston.

Robertson Yarrow, J. M., and van Schaik, C. P. (2001). Causal 
factors underlying the dramatic decline of the Sumatran 
orang-utan. Oryx 35:26–38.

Rodman, P. S. (1973). Population composition and adaptive
orangisation among orangutans of the Kutai Reserve. In: Clutton-
Brock, T. H. (ed.), Primate Ecology: Studies of Feeding and
Ranging Behaviour in Lemur, Monkeys and Apes. Academic
Press, London. pp. 171–209.

Rodman, P. S. (1977). Feeding behavior of orangutans in the Kutai
Reserve, East Kalimantan. In: Clutton-Brock, T. H. (ed.),
Primate Ecology. Academic Press: London. pp. 383–413.

Rodman, P. S. (1979). Individual activity profiles and the solitary
nature of orangutans. In: Hamburg, D. A., and McCown, E. R.
(eds.), The Great Apes. Benjamin/Cummings, Menlo Park, CA.
pp. 234–255.

Rodman, P. S., and Mitani, J. C. (1987). Orangutans: sexual 
dimorphism in a solitary species. In: Smuts, B. B., Cheney, 
D. L., Seyfarth, R. M., Wrangham, R. W., and Struhsaker, T. T.
(eds.), Primate Societies. University of Chicago Press, Chicago.
pp. 146–152.

Rorhrer-Ertl, O. (1988). Research history, nomenclature, and taxo-
nomy of the orang-utan. In: Schwartz, J. H. (ed.), Orang-utan
Biology. Oxford University Press, New York. pp. 7–18.

Ruvolo, M., Pan, D., Zehr, S., Goldberg, T., and Disotell, T. R.
(1994). Gene trees and hominoid phylogeny. Proc. Natl. Acad.
Sci. USA 91:8900–8904.

Ryder, O. A., and Chemnick, L. G. (1993). Chromosomal and 
mitochondrial DNA variation in orangutan. J. Hered. 84:405–
409.

Schultz, A. H. (1938). Genital swelling in the female orang-utan.
J. Mammal. 19:363–366.

Schürmann, C. L. (1981). Courtship and mating behavior of wild
orangutans in Sumatra. In: Chiarelli, A. B., and Corruccini, R. S.
(eds.), Primate Behavior and Sociobiology. Springer-Verlag,
Berlin. pp. 130–135.

Schürmann, C. (1982). Mating behaviour of wild orangutans. In:
de Boer, L. E. M. (ed.), The Orangutan: Its Biology and Con-
servation. Dr. W. Junk Publishers, The Hague. pp. 269–284.

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

Schwartz, J. H., Long, V. T., Cuong, N. L., Kha, L. T., and
Tattersall, I. (1994). A diverse hominoid fauna from the late
Middle Pleistocene brecia cave of Tham Khuyen, Socialist

PIPC02f  11/11/05  17:08  Page 303



304 PART TWO The Primates

Sexual Selection in Primates: New and Comparative Per-
spectives. Cambridge University Press, Cambridge. pp. 196–207.

van Bemmel, A. C. V. (1968). Contributions to the knowledge of
the geographical races of Pongo pygmaeus (Hoppius). Bijdr.
Dierk. 38:13–15.

van Noordwijk, M. A., and van Schaik, C. P. (in press). Devel-
opment of ecological competence in Sumatran orangutans. Am.
J. Phys. Anthropol.

van Schaik, C. P. (1986). Phenological changes in a Sumatran 
rainforest. J. Trop. Ecol. 2:327–347.

van Schaik, C. P. (1999). The socioecology of fission–fusion 
sociality in orangutans. Primates 40:73–90.

van Schaik, C. P. (2000). Infanticide by males: the sexual selection
hypothesis revisited. In: van Schaik, C. P., and Janson, C. H.
(eds.), Infanticide by Males and Its Implications. Cambridge
University Press, Cambridge. pp. 27–60.

van Schaik, C. P. (2002). Fragility of traditions: the disturbance
hypothesis for the loss of local traditions in orangutans. Int. J.
Primatol. 23:527–538.

van Schaik, C. P. (2004). Among Orangutans: Red Apes and the
Rise of Human Culture. Belknap Press of Harvard University,
Cambridge, MA.

van Schaik, C. P., Ancrenaz, M., Borgen, G., Galdikas, B., Knott,
C., Singleton, I., Suzuki, A., Utami, S., and Merrill, M. (2003).
Orangutan cultures and the evolution of material culture.
Science 299:102–105.

van Schaik, C. P., Fox, E. A., and Sitompul, A. F. (1996).
Manufacture and use of tools in wild Sumatran orangutans.
Naturwissenschaften 83:186–188.

van Schaik, C. P., and Kappeler, P. M. (1997). Infanticide risk and
the evolution of male–female association in primates. Proc. R.
Soc. Lond. B 264:1687–1694.

van Schaik, C., and Knott, C. D. (2001). Geographic variation in
tool use on Neesia fruits in orangutans. Am. J. Phys. Anthropol.
114:331–342.

van Schaik, C. P., Monk, K., and Yarrow Robertson, J. M. (2001).
Dramatic decline in orang-utan numbers in the Leuser
Ecosystem, northern Sumatra. Oryx 35:14–25.

van Schaik, C. P., Pradhan, G. R., and van Noordwijk, M. A. (2004).
Mating conflict in primates: infanticide, sexual harassment, and
female sexuality. In: Kappeler, P. M., and van Schaik, C. P.
(eds.), Sexual Selection in Primates: New and Comparative Per-
spectives. Cambridge University Press, Cambridge. pp. 131–150.

van Schaik, C. P., Priatna, A., and Priatna, D. (1995). Population
estimates and habitat preferences of orangutans based on 
line transects of nests. In: Nadler, R. D., Galdikas, B. M. F.,
Sheeran, L. K., and Rosen, N. (eds.), The Neglected Ape.
Plenum Press, New York. pp. 129–147.

van Schaik, C. P., and van Hooff, J. A. R. A. M. (1996). Towards
an understanding of the orangutan’s social system. In: McGrew,
W. C., Marchant, L. F., and Nishida, T. (eds.), Great Ape
Societies. Cambridge University Press, Cambridge. pp. 3–15.

Ward, S. (1997). The taxonomy and phylogenetic relationships 
of Sivapithecus revisited. In: Begun, D. R., Ward, C. V., and
Rose, M. D. (eds.), Function, Phylogeny, and Fossils: Miocene
Hominoid Evolution and Adaptations. Plenum Press, New
York. pp. 269–290.

Warren, K. S., Nijman, I. J., Lenstra, J. A., Swan, R. A., Heriyanto,
and Den Boer, M. H. (2000). Microsatellite DNA variation 
in Bornean orang-utans, Pongo pygmaeus. J. Med. Primatol.
29:57–62.

Republic of Vietnam. Anthropol. Pap. Am. Mus. Nat. Hist.
74:1–11.

Schwartz, J. H., Long, V. T., Cuong, N. L., Kha, L. T., and
Tattersall, I. (1995). A review of the Pleistocene hominoid fauna
of the socialist republic of Vietnam (excluding Hylobatidae).
Anthropol. Pap. Am. Mus. Nat. Hist. 76:1–24.

Singleton, I., Wich, S. A., Husson, S., Stephens, S., Utami
Atmoko, S. S., Leighton, M., Rosen, N., Traylor-Holzer, K.,
Lacy, R., and Byers, O. (2004). Orangutan Population and
Habitat Viability Assessment. IUCN/SSC Conservation
Breeding Specialist Group, Apple Valley, MN.

Singleton, I. S., and van Schaik, C. P. (2001). Orangutan home
range size and its determinants in a Sumatran swamp forest. Int.
J. Primatol. 22:877–911.

Singleton, I. S., and van Schaik, C. P. (2002). The social organ-
isation of a population of Sumatran orang-utans. Folia
Primatol. 73:1–20.

Smuts, B. B., and Smuts, R. W. (1993). Male aggression and 
sexual coercion of females in nonhuman primates and other
mammals: evidence and theoretical implications. Adv. Study
Behav. 22:1–63.

Sugardjito, J., and Nurhada. (1981). Meat-eating behavior in wild
orangutan Pongo pygmaeus. Primates 22:414–416.

Sugardjito, J., te Boekhorst, I. J. A., and van Hooff, J. A. R. A. M.
(1987). Ecological constraints on the grouping of wild orang-
utans (Pongo pygmaeus) in the Gunung Leuser National Park,
Sumatra, Indonesia. Int. J. Primatol. 8:17–41.

Sussman, R. W., Cheverud, J. M., and Bartlett, T. Q. (1995). Infant
killing as an evolutionary strategy: reality or myth? Evol.
Anthropol. 3:149–151.

te Boekhorst, I. J. A., Schürmann, C. L., and Sugardjito, J. (1990).
Residential status and seasonal movements of wild orang-utans
in the Gunung Leuser Reserve (Sumatra, Indonesia). Anim.
Behav. 39:1098–1109.

Tilson, R., Seal, U. S., Soemarna, K., Ramono, W., Sumardja, E.,
Poniran, S., van Schaik, C., Leighton, M., Rijksen, H., and
Eudey, A. (1993). Orangutan population and habitat viability
analysis report. Presented at Orangutan Population and Habitat
Viability Analysis Workshop, Medan, North Sumatra,
Indonesia, October 20, 1993.

Uchida, A. (1998). Variation in tooth morphology of Pongo 
pygmaeus. J. Hum. Evol. 34:71–79.

Utami, S. (1997). Meat-eating behavior of adult female orangutans
(Pongo pygmaeus abelii). Am. J. Primatol. 43:159–165.

Utami, S., and Mitra Setia, T. (1995). Behavioral changes in wild
male and female orangutans (Pongo pygmaeus abelii) during
and following a resident male take-over. In: Nadler, R. D.,
Galdikas, B. M. F., Sheeran, L. K., and Rosen, N. (eds.), The
Neglected Ape. Plenum Press, New York. pp. 183–190.

Utami, S. S., Goossens, B., Bruford, M. W., de Ruiter, J. R., and van
Hooff, J. A. R. A. M. (2002). Male bimaturism and reproductive
success in Sumatran orangutans. Behav. Ecol. 13:643–652.

Utami, S. S., Wich, S. A., Sterck, E. H. M., and van Hooff, J. A. R.
A. M. (1997). Food competition between wild orangutans in
large fig trees. Int. J. Primatol. 18:909–927.

Utami Atmoko, S. S. (2000). Bimaturism in orang-utan males: 
reproductive and ecological strategies [PhD thesis]. University
of Utrecht, Utrecht.

Utami Atmoko, S. S., and van Hooff, J. A. R. A. M. (2004).
Alternative male reproductive strategies: male bimaturism in
orangutans. In: Kappeler, P. M., and van Schaik, C. P. (eds.),

PIPC02f  11/11/05  17:08  Page 304



Gorillas 305

Warren, K. S., Nijman, I. J., Lenstra, J. A., Swan, R. A., Heriyanto,
and Den Boer, M. H. (2001). Speciation and intrasubspecific
variation of Bornean orangutans, Pongo pygmaeus pygmaeus.
Mol. Biol. Evol. 18:472–480.

Watts, D. P. (1989). Infanticide in mountain gorillas: new cases
and a review of evidence. Ethology 81:1–18.

Wich, S., Buij, R., and van Schaik, C. P. (2004a). Determinants 
of orangutan density in the dryland forests of the Leuser
Ecosystem. Primates 45:177–182.

Wich, S. A., Geurts, M. L., Mitra Setia, T., and Utami-Atmoko, S. S.
(in press). Sumatran orangutan sociality, reproduction and fruit
availability. In: Hohmann, G., Robbins, M., and Boesch, C.
(eds.), Feeding Ecology in Apes and Other Primates. Cam-
bridge University Press, Cambridge.

Wich, S. A., Utami-Atmoko, S. S., Setia, T. M., Rijksen, H. R.,
Schurmann, C., van Hooff, J. A. R. A. M., and van Schaik, 

C. P. (2004b). Life history of wild Sumatran orangutans (Pongo
abelii). J. Hum. Evol. 47:385–398.

Wich, S. A., and van Schaik, C. P. (2000). The impact of El Niño
on mast fruiting in Sumatra and elsewhere in Malesia. J. Trop.
Ecol. 16:563–577.

Wrangham, R. W. (1980). An ecological model of female-bonded
primate groups. Behaviour 75:262–300.

Xu, X., and Arnason, U. (1996). The mitochondrial DNA molecule
of Sumatran orangutan and a molecular proposal for two
(Bornean and Sumatran) species of orangutan. J. Mol. Evol.
43:431–437.

Zhi, L., Karesh, W. B., Janczewski, D. N., Frazier-Taylor, H.,
Sajuthi, D., Gombek, F., Andau, M., Martenson, S., and
O’Brien, S. J. (1996). Genomic differentiation among natural
populations of orangutan (Pongo pygmaeus). Curr. Biol.
6:326–1336.

18

Gorillas
Diversity in Ecology and Behavior

Martha M. Robbins

INTRODUCTION

Gorillas are found in 10 central African countries, in a broad
diversity of habitats ranging from coastal lowland forests 
to high-altitude, Afromontane rain forests (Fig. 18.1). The
distribution of gorillas makes them a particularly appealing
species to study, both in terms of understanding how they
have adapted to such a variety of habitats and by providing
an excellent opportunity to test many hypotheses of primate
behavioral ecology that assume variation in ecology will
lead to variation in behavior and demography (e.g., Sterck 
et al. 1997; Papio, Barton et al. 1996; Presbytis entellus,
Koenig et al. 1998; Saimiri, Boinski et al. 2002). However,
perhaps one of the biggest ironies of primatology is that the
majority of information on gorillas has come from a very
small population studied for over 35 years living at a unique
ecological extreme (high altitude; Karisoke Research Center,
Rwanda). Fortunately, in recent years, several studies of
other gorilla populations have begun to provide us with 
information that is more representative of the genus as a
whole, especially on feeding ecology; but because of the
difficulty of habituating lowland gorillas, only a limited

number of studies involving direct observations have been
conducted and much remains unknown. One obvious con-
clusion, though, is that due to the large differences in ecol-
ogy between western and eastern gorillas, we can no longer
assume that all knowledge of the behavior and demography
of mountain gorillas applies to all gorilla populations.

TAXONOMY AND DISTRIBUTION

The taxonomic classification of gorillas has changed many
times over the past century (Groves 2003). For much of the
past few decades, gorillas were considered only one species
with three subspecies (western lowland gorillas, eastern
lowland gorillas, and mountain gorillas). A recent taxo-
nomic reclassification now groups gorillas as two species
and four subspecies (Grooves 2001) (Fig. 18.1, Table 18.1).
Western gorillas include Gorilla gorilla gorilla (western
lowland gorilla), found in Equatorial Guinea, Gabon, Angola,
Cameroon, Central African Republic, and Republic of Congo,
and G. g. diehli (Cross River gorilla), found in a handful of
small populations in Nigeria and Cameroon. Eastern gorillas
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1989a; Yamagiwa et al. 1991; Ganas and Robbins 2004;
Ganas et al. 2004; Rogers et al. 2004). Their large body size,
enlarged hindgut, and long hindgut fermentation time 
enable them to meet their nutritional requirements with a
diet high in bulky foods and structural carbohydrates (Watts
1996). Gorillas spend approximately 50% of their daylight
hours feeding (Watts 1988). Gorillas eat nonreproductive
plant parts (leaves, stems, pith, and bark) as well as fruit. A
comparison of the diet of gorillas across Africa is best done
by considering an elevation continuum from the lowland
forests of central Africa to the Afromontane forests of the
Virunga volcanoes (Table 18.2). In general, the degree of
frugivory decreases as altitude increases because of reduced

include G. beringei graueri (eastern lowland or Grauer’s 
gorilla), found in the east of Democratic Republic of Congo,
and G. b. beringei (mountain gorilla), found in two small
populations at the Virunga volcanoes of Rwanda, Uganda, and
Democratic Republic of Congo and the Bwindi Impenetrable
National Park of Uganda (Figs. 18.2 and 18.3).

FEEDING ECOLOGY

Gorillas are largely vegetarian, with the only non-vegetative
foods in their diet being ants and termites (Williamson et al.
1990; Deblauwe et al. 2003; Doran et al. 2002; Watts 1984,

CAMEROON

CENTRAL AFRICAN REPUBLIC

GABON

DEMOCRATIC REPUBLIC

OF CONGO UGANDA

NIGERIA
0 200 400 km

Western lowland gorilla (Gorilla gorilla gorilla)

Cross River gorilla (G. g. diehli)

Grauer’s gorilla (G. beringei graueri)

Mountain gorilla (G. beringei beringei)

Bai Hokou

Mbeli Bai
Bwindi

Impenetrable

Virunga

Volcanoes

Cross River

Kahuzi BiegaLopé

Lossi

Mondika

RWANDA

EQUATORIAL

GUINEA
REPUBLIC

OF

CONGO

Figure 18.1 Map of distribution of
gorillas in Africa. The locations of
major field sites discussed in the text
are indicated.

Table 18.1 Subspecies of Gorillas, Countries Which They Inhabit, Estimated Area of Habitat, and Estimated 
Population Size

SPECIES/SUBSPECIES

Eastern gorilla (Gorilla beringei )

Mountain gorillaa (G. b. beringei )

Grauer’s gorillab (G. b. graueri )

Western gorilla (Gorilla gorilla)

Cross River gorillac (G. g. diehli )

Western lowland gorillad (G. g. gorilla)

a McNeilage et al. (2001), Kalpers et al. (2003).
b Hall et al. (1998), Plumptre et al. (2003).
c Oates et al. (2003).
d Butynski (2001), Plumptre et al. (2003), Walsh et al. (2003).

COUNTRIES FOUND

Rwanda, Uganda, Democratic Republic of Congo

Democratic Republic of Congo

Nigeria, Cameroon

Gabon, Cameroon, Equatorial Guinea, Central African
Republic, Angola, Democratic Republic of Congo

AREA OF 
HABITAT (KM2)

700

15,000

140–200

445,000

ESTIMATED 
POPULATION SIZE

700

5,000–15,000

200–250

50,000–110,000
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fruit availability (Doran and McNeilage 2001, Goldsmith
2003, Ganas et al. 2004). Detailed studies on mountain 
gorillas at Karisoke Research Center initially labeled them
as folivore–herbivores that included only a negligible amount
of fruit in their diet (Fossey and Harcourt 1977; Watts 1984;
Vedder 1984; McNeilage 1995, 2001). However, these 
studies were conducted in the only gorilla habitat that con-
tains almost no fruit (>2,500 m in elevation). Moving only
30 km away, the mountain gorillas of Bwindi Impenetrable
National Park, whose range is between 1,400 and 2,500 m 
in altitude, eat fruit on approximately 60%–80% of days
(Robbins and McNeilage 2003, Ganas et al. 2004). Several

studies of both Grauer’s gorillas and western gorillas in 
lowland habitats reveal an almost daily consumption of fruit
(Nishihara 1995; Remis 1997; Doran et al. 2002; Rogers 
et al. 2004; Yamagiwa et al. 1994, 1996, 2003a). Cross River
gorillas consume fruit slightly less frequently than other low-
land gorillas (approximately 90% of days), probably because
they are faced with the ecological constraint of a very long
dry season due to the northern location (5 months/year with
less than 100 mm of rainfall compared to 3 months at other
sites) (Oates et al. 2003). It is now clear that all gorilla sub-
species should be considered folivore–frugivores. However,
because nearly all studies have measured fruit consumption

(A)

(C)

(D)

(B)

Figure 18.2 Infant gorillas from different populations. A: Mountain
gorilla from Virunga Volcanoes. B: Mountain gorilla from Bwindi
Impenetrable National Park, Uganda. C: Juvenile western gorilla from
Central African Republic. D: Infant western gorilla from Central
African Republic.
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important component of mountain gorilla diet because it is
high in protein, not all mountain gorillas consume it due to
lack of availability (Watts 1984; McNeilage 1995, 2001;
Ganas et al. 2004). The number of herb species consumed
by gorillas also decreases with increasing altitude, probably
as a result of decreased plant diversity as altitude increases.

Gorillas are selective in their feeding behavior (Watts
1984, 1991a; Vedder 1984; Yamagiwa et al. 1996, 2003a;
Ganas et al. 2004; Rogers et al. 2004). Their diet is primarily
influenced by availability of food resources, but it is clear
that gorillas seek out foods with particular nutritional com-
positions and often forage on rare species. Gorillas select
leaves and herbaceous material that are high in protein and
fruits that are high in soluble sugars (Waterman et al. 1983,
Calvert 1985, Rogers et al. 1990, Watts 1991a, Remis et al.
2001, Remis 2003). Tests with captive gorillas have shown
them to be tolerant of relatively high levels of tannins if 
accompanied by high levels of sugar (Remis and Kerr 2002).
Certain foods that are found only in swamps offer high 
levels of particular minerals (e.g., sodium and potassium),
which may influence the use of these areas by gorillas and
their ranging patterns (Magliocca and Gautier-Hion 2002,
Doran-Sheehy et al. 2004).

A species’ ranging patterns are strongly influenced by its
diet and the availability of food resources. Karisoke moun-
tain gorillas forage efficiently by preferentially feeding in
areas containing a high biomass of food, especially those
foods that are high in protein (Vedder 1984, Watts 1991a).
Additionally, it is hypothesized that a frugivorous diet
should affect travel distances and home range size of pri-
mates because fruit resources are typically more dispersed
in the environment than herbaceous vegetation (Clutton-
Brock and Harvey 1977, Janson and Goldsmith 1995).
Because gorillas exhibit such variability in frugivory, they
are an interesting species in which to examine the relation-
ship between diet and ranging patterns. Gorillas are not 
territorial and have overlapping home ranges (Watts 1998b,
Tutin 1996, Doran-Sheehy et al. 2004; J. Ganas and M. M.
Robbins 2005). Current evidence suggests that gorillas are
probably not opportunistic in their frugivory patterns but,
rather, fruit “pursuers” that incur costs to forage on more
dispersed resources (Rogers et al. 2004; Doran-Sheehy et al.
2004; Ganas and Robbins 2005). Daily travel distance is
positively correlated to fruit consumption at several sites
(Goldsmith 1999, Yamagiwa et al. 2003a, Doran-Sheehy 
et al. 2004; J. Ganas and M. M. Robbins 2005). How this
variability in diet and travel distance influences net energy
gain depending on fruit availability has not yet been exam-
ined, but gorillas are predicted to forage efficiently so as to
maximize energy gain for distance traveled. Across study
sites there is a positive relationship between the degree of
frugivory (and decreased density of herbaceous vegetation)
and daily travel distance, with Karisoke mountain gorillas
traveling only approximately 0.5 km/day, Grauer’s and
western gorillas traveling 1–2 km/day, and Bwindi moun-
tain gorillas being intermediate (Table 18.2).

by analyzing feces for the presence of fruit remains (seeds)
and signs of feeding remains along trails made by the gorillas
and not with direct observations, the proportion and quantity
of the gorilla diet that is fruit versus fibrous vegetation is
still unknown.

While much emphasis has been placed on the degree 
of frugivory by gorillas, all populations do incorporate a
significant amount of fibrous food (nonfruit foods including
herbaceous vegetation) in their diet (Watts 1984, Ganas et al.
2004, Doran et al. 2002, Oates et al. 2003, Yamagiwa et al.
2003a, Rogers et al. 2004). In particular, during times of
fruit scarcity, gorillas rely on fibrous foods as fallback
foods. Cross River gorillas likely experience a more drastic
shift in diet from fruit to fibrous foods because of the pro-
longed dry season compared with other lowland gorillas
(Oates et al. 2003). There is almost no temporal variability
in food availability for Virunga mountain gorillas, which 
almost entirely lack fruit in their diet (Watts 1984, 1991a,
1998a; Vedder 1984; McNeilage 1995, 2001). The only 
seasonal food for Virunga mountain gorillas is bamboo
shoots (Vedder 1984). While bamboo is considered to be an 

Figure 18.3 Silverback mountain gorilla from Bwindi Impenetrable
National Park, Uganda, descending a tree after foraging for fruit.
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The relationship between frugivory and home range size
is less clear (Table 18.2). Karisoke mountain gorillas include
only a negligible amount of fruit in their diet, their habitat
contains a very high herb density, and they have the smallest
home ranges of any population studied. Otherwise, com-
parable values have been observed among the size of home
ranges of all other populations examined.

According to the ecological constraints model, one cost
of group living is that as group size increases, the amount of
food needed collectively by the group also increases and,
therefore, the day journey length and home range size
should increase accordingly (Clutton-Brock and Harvey 1977,
Chapman and Chapman 2000). It has been possible to test
this hypothesis with gorillas only at the two mountain gorilla
sites because of the lack of more than one group of habituated
gorillas at other sites. At both Karisoke and Bwindi, a posi-
tive relationship was found between group size, daily travel
distance, and home range size (Fossey and Harcourt 1977;
McNeilage 1995; Watts 1991a, 1998b; J. Ganas and M. M.
Robbins unpublished data). However, solitary males travel
farther per day and have larger home range sizes than nec-
essary to sustain a single individual because their movement
patterns are also influenced by mate acquisition strategies
(Watts 1994a).

The population density of gorillas is also expected to be
correlated with food availability. Studies of western gorillas
suggest that their density is highest where particular herba-

ceous, staple foods are found in high abundance (Rogers et al.
2004, Bermejo 1999). The relationship between the density
of seasonal and fallback fruits and gorilla density is not yet
known. Additionally, the density of gorillas is likely to be
affected by interspecific competition for food resources,
particularly with chimpanzees, depending on the degree of
niche separation for fruit and herb species (Tutin et al. 1991,
Yamagiwa et al. 1996, Stanford and Nkurunungi 2003).

REPRODUCTIVE, DEMOGRAPHIC, AND LIFE 
HISTORY PARAMETERS

As expected, given their large brain and body size, gorillas
have a long maturation time and are long-lived, have long
interbirth intervals, and reproduce relatively few times in
their lives; but they are faster or shorter in most life history 
parameters than other ape species (Bentley 1999). Due 
to the lack of long-term studies of habituated western 
gorillas, nearly all the information available on reproductive
and life history parameters comes from mountain gorillas
(but see also Yamagiwa and Kahekwa 2001 and Yamagiwa
et al. 2003b for Grauer’s gorillas). Age/sex classifications
typically used for gorillas include infants (0–3.5 years), 
juveniles (3.5–6 years), subadults (6–8 years), adult females
(>8 years), blackback males (8–12 years), and silverback
males (>12 years).

Table 18.2 Dietary and Ranging Patterns of Gorillas

NUMBER OF NUMBER OF 
ALTITUDE FOOD SPECIES FRUIT SPECIES DEGREE OF DAY JOURNEY HOME RANGE

SUBSPECIES/STUDY LOCATION (M) EATEN EATEN FRUGIVORYA LENGTH (M) SIZE (KM2)

Mountain gorilla (Gorilla beringei beringei )

Virungas–Karisokeb,c 2,680–3,710 36 1 <1%* 570 3–15

Virungas–tourist groupc 2,500–2,800 42 2 <1%** 756 5

Bwindi–Ruhijad 2,100–2,500 112 30 16–66% 1,034 21–40

Bwindi–Buhomae 1,450–1,800 140 36 68–89% 547–978 16–22

Grauer’s gorilla (G. b. graueri )

Kahuzi-Biega–Kahuzif 1,800–2,600 79 24 96% 850 23–31

Kahuzi-Biega–Iteberof 600–1,300 142 67 89% — 23–31

Cross River gorilla (G. gorilla diehli )

Cross River–Afig 400–1,300 166 83 90% — ~32

Western lowland gorilla (G. g. gorilla)

Lopé, Gabonh 100–700 134 95 98% 1,105 22

Mondika, Central African Republici <400 100 70 99% 2,014 16

Bai Hokou, Central African Republicj 460 138 77 99% 1,580 11

a Degree of frugivory, percent of fecal samples that contained seeds as indication of daily fruit consumption, except for Virungas, where it was based on
percent time of observation (*) or of feeding remains on trails that contained fruit (**).
b Vedder (1984), Watts (1984, 1991a, 1998b).
c McNeilage (1995, 2001).
d Robbins and McNeilage (2003), Ganas et al. (2004), Nkurunungi (2004), Ganas and Robbins (2005).
e Ganas et al. (2004), Ganas and Robbins (unpublished data).
f Yamagiwa et al. (1992, 1994, 1996, 2003a).
g Oates et al. (2003).
h Rogers et al. (1990), Williamson et al. (1990), Tutin (1996).
i Doran et al. (2002, 2004).
j Remis (1997), Cipolletta (2003, 2004).
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final body size and secondary sexual characteristics. Captive
western gorillas are known to sire offspring by 7 years of
age (Beck 1982, Kingsley 1988). In one-male groups, the
silverback is assumed to sire all offspring (western gorillas,
Bradley et al. 2004) because extragroup copulations have
been observed only very rarely (Sicotte 2001). In multimale
mountain gorilla groups, dominant males mate more than
subordinate silverbacks but subordinates do mate, including
at the likely time of conception (Robbins 1999, Watts
1990a). Paternity determination studies at both Karisoke
and Bwindi show that subordinate males sire offspring, even
while still blackbacks (Bradley et al. 2005, Nsubuga et al.
2001). Variance in male reproductive success is high 
because some adult males never reproduce and others may
be dominant males of large groups for many years (Robbins
1995; A. M. Robbins and M. M. Robbins 2005). Male life-
time reproductive success is correlated with the dominance
tenure of silverbacks and the number of adult females in 
the group (Robbins 1995, Watts 2000; A. M. Robbins and
M. M. Robbins 2005). Paternity determination studies will
assist in determining the upper limits of male reproductive
success. The degree of reproductive skew among males is
likely to vary between western gorillas and mountain gorillas
because of the variation in the occurrence of multimale groups
and is likely to influence the genetic structuring within and
between social groups in the two species (Bradley 2003,
Bradley et al. 2001, Nsubuga et al. 2001).

Understanding patterns of mortality is one of the great-
est challenges for researchers of long-lived species. As for 
most large-bodied mammals, mortality rates of gorillas are
highest for infants and older adults (Gerald 1995). Infant
mortality (to age 3 years) of mountain gorillas is 34% (Watts
1991b, Gerald 1995), and preliminary data on Grauer’s 
and western gorillas do not appear to differ significantly
(Robbins et al. 2004). Approximately 60% of mountain 
gorillas survive to age 8 years (Gerald 1995). Mortality rates
are very low through adulthood. Despite the expectation 
that adult mortality would be higher for males than females
because of the high level of male–male competition, no sex
differences in mortality have yet been observed; but this
may be because the majority of available data are for gorillas
under the age of 12 years when competition is low (Gerald
1995).

The impact of predation and disease on mortality rates
may also vary among gorilla populations. For example, 
respiratory diseases that are often fatal for mountain gorillas
(Watts 1998a, Mudakikwa et al. 2001) have not been 
reported for western gorillas. Ebola has had devastating 
effects on certain western gorilla populations (Walsh et al.
2003, Huijbergts et al. 2003, Leroy et al. 2004). Attacks by
leopards on mountain gorillas were recorded in the 1950s and
1960s, but none has been noted in recent decades (Schaller
1963, Sholley 1991). Predation by leopards currently is likely
to have a greater impact on western gorillas (Fay et al. 1995,
Robbins et al. 2004) than on mountain gorillas, which prob-
ably have no predators other than humans.

Females become sexually active at approximately age 
6 and go through a period of adolescent sterility for usually
at least 2 years (Watts 1990a, 1991b). Menstrual cycles are
approximately 28 days long, and the length of the proceptive
period is typically only 1–2 days (Watts 1990a). Based on
hormonal analysis, mating behavior predominantly corre-
lates to the time of ovulation (Czekala and Sicotte 2000).
Nulliparous females may have small sexual swellings, but
parous females show no swellings or other external signs of
ovulation (Czekala and Sicotte 2000). Parous females typi-
cally conceive after four to six menstrual cycles (Watts
1990a, 1991b). Females show no obvious signs of being
pregnant and usually mate while pregnant (Watts 1990a,
1991b). Gestation length is 8.5 months. The average age at
first parturition is approximately 10 years (range 8–13).
Typically, only one infant is born at a time, although twin-
ning has been observed rarely (Watts 1988). Females go
through lactational amenorrhea for approximately 3 years so
that the typical interbirth interval is 4 years (Stewart 1988,
Gerald 1995, Watts 1991b). If an infant dies before weaning,
the female typically produces another offspring 1 year after the
infant death (Watts 1991b, Gerald 1995). Female mountain
gorillas that survive to adulthood (60%) have an average 
reproductive life span of 14 years and produce an average of
4.6 offspring that survive past infancy (Gerald 1995).

The reproductive parameters of wild mountain gorillas
are remarkably similar to those observed in captive western
gorillas (Czekala and Robbins 2001). However, the question
remains whether the differences in ecological conditions of
wild Grauer’s and western gorillas from mountain gorillas
lead to differences in reproductive parameters. In particular,
if lowland gorillas face greater ecological constraints, later
age at first parturition and longer interbirth intervals are 
expected (Doran and McNeilage 2001). No such differences
have yet been observed for these variables between western,
Grauer’s, and mountain gorillas nor are birth rates of west-
ern gorillas and mountain gorillas significantly different
(range 0.18–0.226 births/adult female yearly) (Robbins 
et al. 2004).

Males experience a longer period until maturity than 
females and do not go through such well-defined physiologi-
cal events to mark certain points of maturation. Therefore, it
is difficult to determine when males reach sexual maturity.
Male gorillas begin the development of secondary sexual
characteristics at approximately age 10 years, including a
large increase in body size, the silvering of hair on the back
and legs, and the formation of a peaked sagittal crest. They
are typically considered to be silverbacks by age 12–13 years,
but they may not obtain full adult size until 15 years of age
(Watts 1991b, Watts and Pusey 1993).

Whereas female reproductive success is constrained 
by the costs of gestation and lactation, male reproductive 
success is limited by access to females. Male gorillas exhibit
sociosexual behavior as juveniles and have been observed 
to start copulating at the age of 8–9 years (Watts 1990a; 
M. M. Robbins personal observation), long before attaining
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GROUP STRUCTURE AND DISPERSAL PATTERNS

Gorillas live primarily in stable, cohesive social units, although
adult males may be solitary. Groups typically contain sev-
eral adult females, their immature offspring, and always at
least one silverback. Groups may be one-male, multimale,
or all-male (nonreproductive, containing no adult females)
(Stewart and Harcourt 1987; Robbins 1995, 2001; Robbins
et al. 2004; Yamagiwa 1987a; Yamagiwa et al. 2003b; Gatti
et al. 2004).

The variability in the social system of mountain 
gorillas is due to the following transitions (Robbins 1995,
2001; Yamagiwa 1987a; Yamagiwa and Kahekwa 2001)
(Table 18.3). New social groups form when females transfer
to lone silverbacks. Such groups remain one-male until male
offspring mature into silverbacks, and the group is then 
multimale. Multimale groups return to a one-male structure
if males emigrate, the original adult male dies, or the group
fissions. When the silverback of a one-male group dies, the
group disintegrates. If a breeding group loses all of its adult
females, it becomes an all-male, or nonreproductive, group.
All-male groups may also form through a merger of imma-
ture males (evicted from a heterosexual group taken over by
a new silverback following the death of the previous silver-
back) and a solitary silverback (Robbins 1995; Yamagiwa
1987a; Gatti et al. 2003, 2004). All-male groups can become
heterosexual if females transfer into them. If a dominant
male loses all of his group members, he becomes a lone 
silverback. Group fissions have been reported only with east-
ern gorillas (Robbins 2001, Kalpers et al. 2003, Yamagiwa

and Kahekwa 2001). Take-overs by outsider males of estab-
lished groups containing a mature silverback have not been
reported for any gorilla population.

The average group size of both western and eastern 
gorillas is 8–10 individuals (range 2–40+) (Tutin 1996,
Parnell 2002a, Kalpers et al. 2003, Yamagiwa et al. 2003b,
Gatti et al. 2004). However, groups with more than 20 indi-
viduals have been found in several eastern gorilla populations
but at only one location of western gorillas, Odzala National
Park in the Republic of Congo (Bermejo 1999, Magliocca 
et al. 1999, Yamagiwa and Kahekwa 2001, Kalpers et al.
2003). Ecological constraints on western gorillas may prevent
groups from surpassing a particular size. The percentage of
groups in the Virunga population containing over 20 gorillas
has been increasing in the past three decades (3.5% in
1978–1979, 9% in 1989, and 18% in 2000), which may be a
reflection of increased protection and reduced poaching
(Weber and Vedder 1983, Sholley 1991, Kalpers et al. 2003).

It is hypothesized that females form permanent associations
with males as a means to avoid infanticide by extragroup
males (Watts 1989b, 2000; van Schaik and Kappeler 1997;
van Schaik 2000) and to benefit from protection against
predators. Males benefit from the long-term associations
with females. Males can use the risk of infanticide as an 
effective strategy to retain mates because of high male–
male competition for mates and the long interbirth interval.
Most infanticides in mountain gorillas have occurred when
the only silverback of a group died and the new male (from
outside the group) that took over killed the unweaned off-
spring (Watts 1989b). In Grauer’s gorillas, a silverback was

Table 18.3 Reproductive Parameters and Summary of Dispersal Patterns and Transitions of Group Structure Observed
in Western Gorillas, Grauer’s Gorillas, and Mountain Gorillas

WESTERN GORILLA GRAUER’S GORILLAa MOUNTAIN GORILLA

Birth rate (births/adult female/year) 0.19 (Lossi) Not calculated 0.226b

0.198 (Mbeli)

Interbirth interval (surviving births only) 4–6 years (n = 6) 4.6 years (n = 9, range 3.4–6.6) 3.9 years (n = 62)b

Infant mortality (to age 3 years) 22.0% (Lossi) 26.1% 34%b

65% (Mbeli)

Infanticide Suspected cases Observed (n = 3)i Observed (n = 6)g

Adult male emigration Common Common <50%d,e

Female natal/primary transfer Common Common Commonc

Female secondary transfer Common Common Commonc

Multimale groups Rare Rare Commond,f

Nonreproductive groups Observed Not observed Observedd,h

Group formation by solitary male Observed (n = 2) Observed (n = 6) Observed (n = 2)d

Group formation by group fissioning Not observed Observed (n = 2) Observed (n = 5)f

Group disintegration Observed (n = 6) Observed (n = 3, due to poaching) Observed (n = 5)f

Group takeover by outsider male Not observed Not observed Not observed

Source: Modified from Robbins et al. (2004).
a Yamagiwa and Kahekwa (2001).
b Gerald (1995).
c Sicotte (2001).
d Robbins (1995, 2001).

e Watts (2000).
f Kalpers et al. (2003).
g Watts (1989b).
h Yamagiwa (1987a,b).
i Yamagiwa (personal communication).
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Subordinate silverbacks emigrate to become solitary
males at approximately 12–18 years of age (Robbins 1995,
Stokes et al. 2003, Yamagiwa and Kahekwa 2001). It is 
unclear whether males voluntarily emigrate or if they are
forcibly evicted, but dispersal decisions are presumably
influenced by male–male competition, likelihood of mate
acquisition within the natal group versus in neighboring
areas, and inbreeding avoidance. Interestingly, in western
gorillas, there are reports of immature males voluntarily 
immigrating into heterosexual groups (Gatti et al. 2004,
Robbins et al. 2004). The proportion of males that emigrate
is higher in western gorillas than in mountain gorillas, and
correspondingly, multimale groups are rare among western
gorillas (Tutin 1996, Magliocca et al. 1999, Parnell 2002a,
Gatti et al. 2004, Robbins et al. 2004) (Table 18.3) and
Grauer’s gorillas (Yamagiwa et al. 1993, Yamagiwa and
Kahekwa 2001) but common in mountain gorillas (8%–50%
of groups; McNeilage et al. 2001, Kalpers et al. 2003).
These comparisons suggest that male western gorillas may
typically attain higher reproductive success by dispersing
and trying to form groups than by queuing for dominant 
positions within multimale groups, as is the case in moun-
tain gorillas (Robbins 1995, Watts 2000; A. M. Robbins and
M. M. Robbins unpublished data). This is likely to be
influenced by how females distribute themselves in groups.
Both male eastern and western gorillas have low success
rates in acquiring females after emigration; males have been
observed as solitary for 5 years or more (Robbins 1995,
Watts 2000, Robbins et al. 2004). The rate of group dis-
integration appears to be higher in western gorillas than
mountain gorillas, and group fissions have not been observed
in western gorillas; these findings are to be expected given
the rare occurrence of multimale groups in western gorillas
(Robbins et al. 2004) (Table 18.3).

INTERGROUP INTERACTIONS

In most cases, intergroup interactions do not appear to be 
related to defending a group’s range or to food resources
(but see Bermejo 2004). They are an important time for 
female choice and male–male competition because these 
interactions are the only time that female transfers occur
(Watts 1989b, Sicotte 2001, Robbins 2003). However, female
choice may be limited by males that may herd females away
from a neighboring group to prevent transfers (Sicotte 1993).
Solitary males have been observed to pursue groups for sev-
eral days at a time in both mountain and western gorillas,
presumably in an attempt to acquire mates (Watts 1994a,
Tutin 1996, Bermejo 2004). The frequency of intergroup en-
counters is likely to vary depending on the density of groups
and of solitary males within a particular area.

During intergroup interactions, silverbacks typically per-
form chest-beating displays at each other, which sometimes
elevates to contact aggression. However, interactions may
also be peaceful, with group members intermingling. Sicotte

observed to kill three young infants of recent immigrant 
females, but females with unweaned offspring were also 
observed without a silverback for extended periods of time
and did not suffer from infanticide (Yamagiwa and Kahekwa
2001; J. Yamagiwa personal communication). Infanticide
has been inferred in western gorillas twice when the infants
disappeared following their mothers’ transfer after the death
of a silverback; however, infants survived in two other cases
in similar circumstances (Stokes et al. 2003). Furthermore,
Harcourt and Greenberg (2001) used a mathematical model
to show that females traveling unaccompanied by a silver-
back would be at three times greater risk of infanticide than
those in social groups. Infanticide does not need to occur in
all possible cases in order for it to be an evolutionarily stable
strategy (van Schaik 2000).

Gorillas are one of only a few primate species in which
both males and females may be philopatric or disperse
(Harcourt et al. 1976, Tutin 1996). Females transfer directly
to a solitary male or to another group during interunit 
encounters (Harcourt et al. 1976, Harcourt 1978). Female
primary (natal) and secondary dispersals have been observed
in mountain, Grauer’s, and western lowland gorillas (Harcourt
et al. 1976, Sicotte 2001, Yamagiwa and Kahekwa 2001,
Stokes et al. 2003). Female transfer is considered to be an
important method of female mate choice (Sicotte 2001).
Female primary transfer may occur as early as age 5.5 (Sicotte
2001, Watts 1991b). Females may transfer several times in
their lives, but because of the risk of infanticide by extragroup
males, the window of opportunity for females to disperse is
quite narrow, limited to the 3 to 6-month period per 4-year
interbirth interval when the female is neither pregnant nor
lactating (Watts 1989b, Sicotte 2001; but see Sicotte 2000
and Yamagiwa and Kahekwa 2001 for cases of transfer with
unweaned infants). Transfer possibilities are further dependent
on the occurrence of intergroup encounters. The average rate
of intergroup encounter per group is approximately one per
month at Karisoke, but in some cases many months may pass
without any intergroup encounters, which would further con-
strain the possibility for female transfer (Sicotte 2001).

Currently, more is known about what group conditions
influence female transfer decisions than which male traits
females prefer (e.g., size, sexually selected characteristics).
Female western gorillas appear to prefer smaller groups,
presumably because of reduced feeding competition (Tutin
1996, Stokes et al. 2003). In contrast, female mountain 
gorillas, which face low feeding competition, show no group
size preference, yet they do prefer multimale groups over
one-male groups and solitary males (Watts 2000). This is
likely due to females in multimale groups deriving greater
protection against infanticide than those in one-male groups
because in the event of one silverback death in a multimale
group, the other silverback can assume leadership and pre-
vent group disintegration and take-over by an external male
(Robbins 1995, Watts 2000). Females may also transfer to
avoid inbreeding or to increase the genetic variability among
offspring (Sicotte 2001).
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(1993) found that the intensity of intergroup encounters was
positively related to the number of potential migrant females.
Interestingly, studies of western gorillas have reported that
intergroup encounters are often peaceful and involve aggres-
sion less frequently than has been observed in mountain 
gorillas (Parnell 2002b, Doran-Sheehy et al. 2004, Bermejo
2004). Bradley et al. (2004) hypothesized that the lower fre-
quency of aggression during encounters observed in western
gorillas may be due to males interacting differently with 
relatives and nonrelatives occupying neighboring home
ranges. However, intergroup male–male competition occurs
in western gorillas, based on observations of wounds on 
silverbacks that were likely to have been caused by other 
silverbacks (lacerations and bite marks on the head, neck,
and back) (Parnell 2002b). Silverbacks have died as a result
of serious injuries incurred during encounters in both west-
ern and mountain gorillas (Tutin 1996, Robbins 2003).
Additional studies at all locations are needed to understand
how the level of aggressiveness during intergroup encounters
is related to the following variables: relatedness between
males, number of silverbacks and potential migrant females
in each group, familiarity between groups (e.g., frequency
of encounters), competition for food resources, and presence
of researchers around unhabituated gorillas, which may 
inhibit normal behavior.

SOCIAL RELATIONSHIPS

Many current socioecological models predict that the types
of social relationship exhibited by primates are most
influenced by three variables: distribution of food resources,
predation risk, and risk of infanticide (van Schaik 1989,
Sterck et al. 1997, Koenig 2002, Isbell and Young 2002).
The extensive research on the mountain gorillas of Karisoke
Research Center, Rwanda, has contributed significantly to
the development of these models (Watts 2003). Given the
known variation in ecological conditions and dietary patterns
of gorillas, the opportunity exists to use them as a test of
these models. Unfortunately, data on social relationships in
other populations of gorillas are minimal at this time; there-
fore, the focus here is on what is known from Karisoke, and
comparisons with other populations are made when possible.

Female–Female Social Relationships

Overall, at the Virunga volcanoes, female mountain gorillas
have very weak social relationships with one another
(Harcourt 1979a; Stewart and Harcourt 1987; Watts 1991c,
1994a,b, 2001, 2003) that are markedly different from those
observed among many other primate species. They are
classified as being “non-female-bonded” (Wrangham 1979,
van Schaik 1989) and “dispersal egalitarian” (Sterck et al.
1997). Food resources are abundant and evenly distributed,
which leads to very low levels of contest competition (Watts
1984, 1985, 1994b). Therefore, there are few benefits of 

associating with other female kin, and the social and eco-
logical costs of transferring to new habitats are low (Watts
1990b). This allows for female transfer (see above). As a 
result, females are typically in social groups containing un-
related individuals, although mother–daughter and sister pairs
are not uncommon because females do not always transfer
and related females may transfer into the same group (Watts
1996, 2001). Levels of aggressive and affiliative interactions
among female–female dyads are highly variable and may
change over time (Stewart and Harcourt 1987, Watts 2001).

Despite low levels of feeding competition, aggression
among females most commonly occurs while feeding, but it
also occurs during resting bouts and traveling, when females
may be intolerant of close proximity to one another (Watts
1994b). The majority of aggressive interactions among 
females do not have a clear winner; they are undecided 
because the recipient ignores the action or retaliates. Sub-
missive behavior (cowering, backing away, or an appease-
ment vocalization, “grumbling”) is rarely exhibited among
females (Watts 1994b). Dominance relationships are deter-
mined according to patterns of displacement and avoidance
(approach–retreat interactions) and are not based on any for-
mal submissive behavior, as is used in many other primate
species. While females can be placed in linear dominance
hierarchies in some cases, in many groups such dominance
relationships are weak or nonexistent (Harcourt 1979a;
Harcourt and Stewart 1987, 1989; Watts 1985, 1994b).
However, many dominance relationships among females are
stable over time (Robbins et al. 2005). Additionally, aggres-
sion within individual dyads is frequently bidirectional (both
females of a dyad initiate aggression against each other) so
that females cannot be placed into linear hierarchies using
all agonistic behavior (Watts 1994b). These relationships,
described as being egalitarian (Sterck et al. 1997; Watts
2001, 2003), may be explained by two factors which show
that there is little benefit of targeting aggression toward 
particular individuals (Watts 2001). First, there are low
gains from agonistic behavior in an environment with highly
abundant food resources (Watts 1985, 1994b). Second, males
frequently intervene in aggressive contests between females
and do not clearly support either female (control intervention)
(Harcourt and Stewart 1987, 1989; Watts 1994b, 1997). The
fact that relationships among females are of little value is
further emphasized by the very low rates of reconciliation
following conflicts (Watts 1995).

Even in an environment of high food availability, scramble
competition is expected to increase as group size increases.
As the number of females per group increased, the rates of
aggression among females increased but not significantly
(Watts 1985, 2001). While females that immigrate into 
average-sized groups do not receive high levels of aggression
from resident females, five females that immigrated into a
large group within a few months of each other received 
high levels of harassment from the resident females (Watts
1991c, 1994c). However, this may have occurred in this
case because several related resident females often formed
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habituated western gorillas are necessary to understand the
influence that frugivory has on their social relationships.

Male–Female Social Relationships

Social relationships among males and females are the foun-
dation of gorilla groups (Harcourt 1979b; Fossey 1983;
Stewart and Harcourt 1987; Watts 1992, 2003). These rela-
tionships reflect the costs and benefits of the reproductive
strategies of both males and females. Females benefit from
the protection against predators and infanticide by extra-
group males, and males benefit by permanent association
with females as a long-term mating strategy. Male–female
social relationships vary depending on the reproductive status
of the females, the residency status of females, the number
of males in the group, and kinship (Harcourt 1979a; Watts
1992, 2003). Particular male–female dyads may coinhabit a
social group for 10 or more years. Male–female relationships
may influence female transfer patterns (Watts 1992, 1996,
2003) and, if a multimale group fissions, with which male
each female remains (Robbins 2001, Watts 2003).

The high level of affiliation between males and females
is emphasized by proximity patterns. Females may spend 
up to 20% of their feeding time and over 50% of resting 
time within 5 m of the dominant silverback (Watts 1992).
Females increase the amount of time they spend in close
proximity to the silverback upon the birth of a new infant
(Harcourt 1979b). Females are more responsible than males
for maintaining proximity to the silverback in one-male
groups (Harcourt 1979b), but in multimale groups males are
more responsible for maintaining proximity to females
when they are proceptive (Sicotte 1994). Grooming among
adult gorillas is most common between males and females.
However, there is high variability among groups in whether
the silverback does more grooming of adult females or visa
versa (Harcourt 1979b, Watts 1992).

Silverbacks are clearly dominant over adult females
based on approach–retreat interactions, directionality of 
aggressive behavior, and submissive behavior (Harcourt
1979b; Watts 1992, 1994b). The majority of aggression 
by males toward females consists of mild vocalizations and 
displays (e.g., chest-beating displays) and only rarely results
in physical injuries (Watts 1992). Females frequently
“grumble” after receiving aggression from males, especially
following displays; and this is the only formal submissive
behavior observed in gorillas (Watts 1994b). Females fre-
quently reconcile with males following aggressive encounters
(Watts 1995).

Given that males are clearly larger in size and dominant
over females, why do they need to frequently exhibit 
aggression toward females? This aggression is not pre-
dominantly due to feeding competition, but it likely serves
as a means of reasserting their protective abilities as well 
as courtship aggression or sexual coercion. In fact, only a 
minority of agonistic behavior that silverbacks direct toward
females occurs in the context of feeding, and more than 60%

coalitions against the immigrants or because the dominant
male may not have been able to effectively intervene in 
aggression among so many females. Aggression among 
females in contexts other than feeding, for example, during
rest sessions and traveling, indicates that they may be com-
peting for male services, in particular protection against
predators and extragroup males (Watts 1994b, 2001). A male
will be limited in his ability to maintain close proximity to
all females as group size exceeds a certain number.

Affiliative interactions, particularly grooming and resting
in close proximity, occur at higher rates among maternally
related individuals than unrelated individuals, with inter-
mediate values for putative paternally related females (Watts
1994c). Grooming is typically reciprocal among dyads, but
this is due to the higher occurrence of grooming among 
relatives. In general, female relatives (mother–daughter 
and sister dyads) most commonly have “good” relationships
with each other (higher than median values of affiliative 
interactions and lower than median values for aggressive inter-
actions for both partners) and unrelated females typically
have “bad” relationships with each other (lower than median
values of affiliative interactions and higher than median 
values for aggressive interactions), though sometimes they
do have good relationships (Watts 2001).

Because fruit is usually distributed in a clumped fashion
in time and space, the increase in frugivory experienced 
by all other gorilla populations besides those at the Virunga
volcanoes is predicted to lead to higher levels of within-
group contest competition and differentiated female–female
social relationships that include linear agonistic dominance
hierarchies (Doran and McNeilage 1998, 2001). The lack of
habituated gorillas at most study sites currently limits tests
of this hypothesis to two locations. Female mountain gorillas
in Bwindi Impenetrable National Park, Uganda, exhibited
higher rates of aggression when foraging on fruit versus
herbaceous vegetation; but overall, they exhibited weak
dominance relationships, a high degree of bidirectionality in
aggression, and low rates of affiliative behavior, as has been
observed in Karisoke mountain gorillas (M. M. Robbins 
unpublished data). Bwindi also has abundant quantities of
evenly distributed herbaceous vegetation (Ganas et al. 2004,
Nkurunungi 2004), and the gorillas spend only approxi-
mately 10% of their foraging time eating fruit, which may
limit the effect that frugivory has on their social relation-
ships (M. M. Robbins, unpublished data). Observations of
western gorillas at Mbeli Bai, Republic of Congo, also
failed to show a noticeable difference in social relationships
among females from those observed at Karisoke (Stokes
2004). However, this study provides only a limited view of
their social behavior because the gorillas were observed
only in a bai (swampy clearing) feeding on abundant, evenly
distributed aquatic vegetation and the observations do not
include any frugivorous behavior and are not representative
of the majority of western gorilla daily activity (a group 
typically spends only 1% of its time in a bai) (Magliocca 
et al. 1999, Parnell 2002b). Further detailed studies of 
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may be classified as courtship aggression (displays and inter-
ventions in sexual interactions) (Watts 1992). Additionally,
the levels of aggression directed toward individual females
vary depending on their reproductive status, further empha-
sizing the role of courtship aggression. Recent immigrant 
females receive higher levels of aggression from males than
do resident females in both one-male and multimale groups
(Harcourt 1979b, Sicotte 2000, Watts 1992). While in one-
male groups, the silverback does not increase the rate of 
aggression toward females when they are sexually active
(Harcourt 1979b); but in multimale groups, both dominant
and subordinate males do (Robbins 2003).

Females in multimale groups will commonly mate with
more than one male, which may be a result of sexual coer-
cion by the males and/or female choice and may serve 
to confuse paternity (Robbins 1999, 2003; Sicotte 2001).
Subordinate males may use affiliative behavior such as
grooming to influence female choice (Watts 1992). Domi-
nant males are more likely than subordinate males to mate
with cycling and pregnant females, whereas subordinate males
are more likely to mate with subadult females (Robbins
1999). Mate guarding may occur in multimale groups but
not in one-male groups (Harcourt et al. 1980, Sicotte 1994,
Watts 1996).

Observations of male–female relationships in a multi-
male group in Bwindi Impenetrable National Park largely
corroborate those at Karisoke (M. M. Robbins personal 
observation), which is unsurprising given that reproductive
strategies, not ecological conditions, are likely to have a
larger influence on these social relationships. At Mbeli Bai,
males exhibited higher rates of aggression toward females
than was observed among females, but most of it consisted
of mild aggression and could be considered courtship 
aggression (Stokes 2004). Again, until more detailed studies
of western gorillas are conducted, it is not possible to draw
conclusions about the differences in male–female social 
relationships between the species.

Male–Male Social Relationships

In many primate species, male–male social relationships are
very weak and characterized by high levels of competition
for mates (van Hooff and van Schaik 1994, Kappeler 2000).
Gorillas are not an exception to this pattern. In multimale
groups, males may be related as father–son or half-brothers
(maternal or paternal), but in some cases they may be unre-
lated (Robbins 1995, Bradley et al. 2005). The coexistence
of unrelated males may be caused by immigration of imma-
ture or blackback males into social groups (rarely) or lower
levels of reproductive skew in multimale groups that lead to
cohorts of young being sired by more than one male.

In the majority of social groups that are one-male, the
only adult male present has no other males to form social 
relationships with except for maturing males. Silverback–
blackback relationships are weak, based on low rates of
close proximity and affiliation and unidirectional aggression

from the silverback to blackback. Silverbacks are always
dominant over blackbacks, which spend considerable amounts
of time on the periphery of the group, perhaps to avoid
conflict with the silverback or adult females. More affiliative
relationships may exist between males that are related or more
familiar with each other, which may influence dispersal 
decisions of young adult males (Harcourt 1979c, Harcourt
and Stewart 1981). Unfortunately, male behavior shortly 
before emigration has not been systematically studied to 
determine if dispersal is related to increased rates of aggres-
sion and intolerance by the dominant male. If dominant
males want to evict subordinate individuals, it would seem
logical that they do it before the younger males become
formidable competitors.

Heterosexual social groups that contain at least two fully
mature silverbacks may exist for 10 or more years in moun-
tain gorillas (Robbins 1995, 2001). Among the males, domi-
nance hierarchies are obvious, but rank does not always 
positively correlate with age (Harcourt 1979c, Sicotte 1994,
Watts 1992, Robbins 1996). Silverbacks spend little time in
close proximity to each other (<5 m), and they rarely
affiliate with each other (Sicotte 1994, Robbins 1996). Rates
of aggressive behavior between males depend on a variety
of factors, including the number and reproductive status of
females, the age of males, and the stability of their relation-
ships. Aggression between males may increase when females
are sexually active but not always (Sicotte 1994, Robbins
2003). In some cases, dominant males increase aggression
toward subordinates; in other cases, subordinate males 
direct more aggression toward dominant males, or there may
be an increase in either direction. Both dominant and sub-
ordinate males may harass each other during mating, but
dominant males are more successful in stopping copulations
than subordinate males (Robbins 1999). This variability
may be due to the stability of the dominance relationship
among the males and/or the reproductive status of the female
(subadult females, cycling adult females, pregnant females).
Reconciliation between adult males has not been observed
(Watts 1995). In general, when males have stable dominance
relationships, they appear to coexist predominantly through
avoidance or tolerance rather than frequent, high levels of
aggression or by forming affiliative relationships. One benefit
of a multimale structure is that males will cooperate during
intergroup encounters against extragroup males (Sicotte
1993; Robbins 2001; Watts 1989b, 2000).

Silverbacks may be dominant for 10 or more years.
Usurpation of the alpha male by younger silverbacks in 
multimale groups has been observed three times in three
decades at Karisoke (Watts 1990a, 1992; Sicotte 1993;
Robbins 1996); however, the transitional process was not
well documented, so the strategies that younger males use to
attain alpha status or how dominant males resist are not yet
understood. Observations in Bwindi suggest that usurpation
may involve a lengthy process (several years) of agonistic
encounters, rather than a quick turnover (M. M. Robbins,
personal observation). Deposed males are usually not evicted
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the mother decreases in late infancy, the time spent in close
proximity to the silverback increases. Immature gorillas 
are attracted to the silverback as the focal point of the group
and spend considerable time in close proximity to him 
even when their mothers are not nearby (Watts and Pusey
1993, Fletcher 1994, Stewart 2001). Juveniles groom silver-
backs more than vice versa in most cases (Stewart 2001).
Silverbacks frequently intervene during aggressive conflicts
involving immatures and usually support the younger oppo-
nent, which serves to protect immatures from high levels of
aggression from older individuals (Harcourt and Stewart
1987, Watts 1997, Stewart 2001). Silverbacks may increase
affiliative behavior toward young that have lost their mothers
through death or dispersal, including grooming and co- 
nesting (Watts and Pusey 1993, Stewart 2001).

CONSERVATION

All subspecies of gorillas are considered to be endangered
(IUCN 2000). However, the population size and area inhab-
ited vary between subspecies, country, and protected area
(Table 18.1). The most critically endangered subspecies 
are the Cross River gorilla, with only approximately 200–
250 individuals remaining in nine small, isolated pockets 
of forest (Oates et al. 2003), and mountain gorillas, with 
approximately 700 remaining in two isolated populations
(Virunga volcanoes and Bwindi Impenetrable) (McNeilage
et al. 2001, Kalpers et al. 2003). While both Grauer’s goril-
las and western gorillas have larger population sizes, both
have declined dramatically in recent years (Hall et al. 1998,
Plumptre et al. 2003, Walsh et al. 2003), and their current
population estimates should be viewed with caution because
the survey methods used have many biases and lack pre-
cision, which result in huge estimation errors that render the
final numbers not particularly reliable (Walsh et al. 2003
and unpublished data). Accurate population estimates are
necessary in order to monitor the changes in populations and
assess the effectiveness of conservation strategies.

The major threats to gorillas are habitat destruction,
poaching, disease, and political instability; but there is vari-
ation in the degree to which each of these threats impacts
each gorilla population (Plumptre and Williamson 2001,
Plumptre et al. 2003, Walsh et al. 2003). What can be done
to ensure that gorillas do not go extinct? Currently, there are
many conservation activities that focus on wild gorillas and
their habitat, but clearly efforts must be expanded given the
evidence of declining populations. Effective conservation of
gorillas ultimately depends on the will and efforts of both
local and the international communities.
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Chimpanzees and Bonobos
Diversity Within and Between Species

Rebecca Stumpf

INTRODUCTION

Field research on wild chimpanzees (Pan troglodytes) and
bonobos (Pan paniscus) has been conducted since the 1960s
and 1970s. As recently as 1980, virtually everything that was
known about wild chimpanzee natural history and behavior
came from two long-term field sites in East Africa. Far less
was known about wild bonobos. As more and more chim-
panzee and, to a lesser extent, bonobo communities were
studied in captivity and across equatorial Africa (Table 19.1,
Fig. 19.1), a far greater understanding has emerged of the
substantial diversity both within and between the two species
that comprise the genus Pan. Such variation within Pan has
led to an ongoing debate surrounding the distinctiveness of
chimpanzees and bonobos, as well as the remarkable behav-
ioral variation among chimpanzee subspecies. Researchers
are continuing their efforts to determine which combination
of ecological, cultural, genetic, and/or demographic factors
are the primary bases for these differences.

The principal goal of this chapter is to convey what is
presently known of the taxonomy, morphology, ecology,
and social and sexual behaviors of chimpanzees and 

bonobos and to examine the substantial range of variation
both within and between the two species. This chapter is 
primarily concerned with studies of wild chimpanzees and
bonobos. Since tool use and cognition, communication, and
culture are reviewed extensively elsewhere in this volume
(see Chapters 38, 40, and 41), these areas are not empha-
sized here.

CHIMPANZEE AND BONOBO RESEARCH: 
A HISTORICAL PERSPECTIVE

Research began on wild chimpanzees in the 1960s when
Jane Goodall initiated a field study at Gombe Stream Reserve,
Tanzania. During the same year, a Japanese team led by
Toshisada Nishida began field research on chimpanzees in
the Mahale Mountains National Park, at a site 200 km from
Gombe (see Fig. 19.1), both near the far eastern range of
chimpanzee geographic distribution. This initial glimpse
into chimpanzee daily life, diet, and intra- and intergroup
social interactions laid the foundation for many subsequent
studies of wild chimpanzee behavior.
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