Chapter 9

Effect of Habitat Quality on Primate
Populations in Kalimantan: Gibbons
and Leaf Monkeys as Case Studies

Andrew J. Marshall

Introduction

Primate ecologists seek to answer fundamental questions about how and why
particular ecological factors influence primate individuals, groups, and populations
(Isbell 1991; Sterck et al. 1997; van Schaik 1983; Wrangham 1980). While prima-
tologists have used a variety of approaches to address these questions, the study of
a particular taxon across a range of ecological conditions provides a particularly
useful framework for investigating key questions about the interactions between
primates and their habitats (Davies 1994; Doran et al. 2002; Morrogh-Bernard et al.
2009; Strum and Western 1982; van Schaik et al. 2009). Studies conducted on small
spatial scales may be especially useful in this context because they permit investi-
gation of the effects of variation in some ecological conditions while controlling
for others (e.g., Caldecott 1980; Chapman and Chapman 1999; Dunbar 1992a;
Iwamoto and Dunbar 1983). While such studies may address fundamental ecologi-
cal questions in ways that other research designs cannot, they remain relatively
underutilized. Understandably, given the difficulties of sampling long-lived, gener-
ally rare vertebrates, most primate studies have focused on a single or small number
of groups. Equally reasonably, most studies are conducted in relatively high quality
habitats, where behavioral data can be most efficiently collected. The focus on a
small number of groups and disproportionate sampling of high quality habitats may
limit our ability to observe variation in a species’ ecology, hamper examination of
the full range of behavioral plasticity that a primate species exhibits, and bias our
understanding of how ecological factors affect primate populations.

In this chapter, I provide an overview of selected results from my study of gibbon
and leaf monkey populations inhabiting seven distinct forest types at the Cabang
Panti Research Station (CPRS) in Gunung Palung National Park (GPNP), West
Kalimantan, Indonesia. These seven forest types comprise the full range of habitats
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that these species occupy at GPNP, thereby providing the unusual opportunity to address
two fundamental ecological questions: (1) what determines habitat quality? and (2) what
are the consequences of variation in habitat quality for individuals, groups, and popu-
lations? Gibbons and leaf monkeys have fundamentally different diets (frugivores vs.
gramnivores/folivores, respectively), social systems (socially monogamous vs.
polygynous), and life histories (“slow” vs. “fast”), and simultaneous investigation of
these two taxa can indicate how such characteristics mediate a species’ response to
environmental variation. CPRS is an exceptional study site that permits sampling of
a large number of primate groups across a broad range of forest types, the quality of
which markedly, providing a rare opportunity to examine how ecology and social
systems interact under a wide range of environmental conditions.

Here, I provide a brief introduction to the study site, species, and field methods;
consider what determines habitat quality for gibbons and leaf monkeys; describe
some important effects that habitat quality has on these species; and discuss the
theoretical and practical relevance of these results.

Study Site and Subjects

CPRS, located in southwestern Borneo (Fig. 9.1), is composed of seven distinct,
contiguous forest types, determined by elevation, soils, and drainage:(1) peat
swamp forest on nutrient-poor, bleached white soils overlain by variable amounts
of organic matter (5-10 m asl); (2) freshwater swamp forest on nutrient-rich,
seasonally flooded, poorly drained gleyic soils (5—10 m asl); (3) alluvial forest
on rich sandstone-derived soils recently deposited from upstream sandstone and gran-
ite parent material (5-50 m asl); (4) lowland sandstone forest on well-drained
sandstone-derived soils with a high clay content and sparse patches of shale
(20-200 m asl); (5) lowland granite forest on well-drained, granite-derived soils
(200-400 m asl); (6) upland granite forest on well-drained, granite-derived
soils (350-800 m asl); and (7) montane forest on largely granite-derived soils
(750—-1100 m asl). These forest types differ substantially in their floristic com-
position, temporal patterns of food availability, structure, and temperature
(Cannon et al. 2007a, b). As a result, these habitats support densities of gibbons
and leaf monkeys that differ by more than an order of magnitude (Table 9.1).
This substantial variation occurs over a very small spatial scale (~5-10 km), so
that variation in predators, disease, biogeography, and climate that confound
comparative studies of more distant sites is controlled (Chapman and Chapman
1999; Marshall and Leighton 2006). The site had been the location of a long-
term research since the mid 1980’s (e.g., Knott 1998; Curran and Leighton 2000;
Cannon et al. 2007b), but was closed between 2002 and 2006 because of ten-
sions with illegal loggers.

Bornean White-bearded Gibbons (Hylobates albibarbis, hereafter referred to as
“gibbons”) and Red Leaf Monkeys (Presbytis rubicunda rubida, here “leaf mon-
keys”) are an excellent pair of species for comparative study because they differ
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Fig. 9.1 Site map of the Cabang Panti Research Station (CPRS), located in GPNP. Shading
depicts the seven forest types: shading top to bottom on legend =habitats right (montane) to left
(peat and freshwater swamp) on figure. The 70 botanical plots (10 per forest type) are indicated
by white diamonds; 2 vertebrate census routes (not shown) are also located in each forest type.
Elevation of major contours is indicated along the top of the figure.

substantially in their diets, social systems, and life histories. Gibbons are frugivores;
their diet at CPRS comprises mainly the pulp of ripe fruits (65% of the diet on aver-
age, range 0-95%, based on data collected between 1985 and 1992), augmented by
ripe figs (23%, range 0-75%), flowers (6%, range 0-28%), leaves (3%, range
1-25%), and seeds (3%, range 0—8%; Marshall and Leighton 2006; Marshall et al.
2009a). On the other hand, leaf monkeys are seed and leaf specialists (seeds: 52%,
range 25-95%; leaves: 25%, range 0—-42% during the same period as the gibbon
data), and also consume unripe fruit pulp (13%, range 2—72%; confined to plant taxa
that are dispersed by bats and whose nutritional quality is similar to that of leaves),
figs (5%, range 0-25%), and flowers (5%, range 0—-20%; Marshall 2004; Marshall
et al. 2009b). Gibbons at GPNP fall back on figs (Marshall and Leighton 2006),
whereas leaf monkeys fall back on a combination of young and mature leaves
(Marshall 2004). Gibbons are socially monogamous (each of the 33 groups observed
at GPNP between 2000-2002 contained one adult male and one adult female),
whereas leaf monkeys are polygynous (each of the 13 study groups during the same
period contained a single adult male and 1-4 females). Primate life history data
from CPRS are limited, but suggest that gibbon life histories are roughly half as fast
as leaf monkey life histories (e.g., gibbon inter-birth intervals are approximately
twice as long as leaf monkeys’: Mitani 1990; Marshall 2009; Marshall et al. 2009b),
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a result that is in accordance with more general comparisons between primate
species showing that ape life histories are generally slower than monkey life histories
(Schultz 1968; Smith 1989).

Field Methods

Between August 2000 and August 2002, three local assistants and I carried out
direct observations of animals along transects to systematically measure the habitat-
specific densities of gibbon and leaf monkey populations and to augment data on
gibbon and leaf monkey group composition (see below). We established a pair of
replicate census routes in each of the seven forest type at CPRS and walked a total
of 409 censuses (1,374 km); with an average of 58 censuses (range 38 to 87) in each
forest type (Marshall 2004; 2009). Census routes averaged 3.5 km in length and
followed existing trails through the forest. We walked each route at least twice per
month (starting at opposite ends) at the same speed and time of day (beginning at
05:30 h), and gathered standard line transect data for all vertebrates encountered
(e.g., perpendicular sighting distance, group size, group spread). Whenever gibbon
or leaf monkey groups were encountered, we ensured that full group counts and
information on group composition were recorded by following the group until these
data were collected.

We followed standard methods for the analysis of line transect data using
Distance 5.2 (Thomas et al. 2006), calculating detection functions separately in
each forest type and controlling for size bias in sampling (Buckland et al. 2001).
For analyses in which territory- or home range-specific indices of habitat quality
were required, I calculated an index of the population density that could be sup-
ported in a particular group’s territory or home range (i.e., the carrying capacity
of the territory or home range). For groups whose entire range was contained
within one forest type, this number was the habitat-specific density for the forest
type that the group occupied (determined from line transects). For groups whose
territory spanned multiple forest types, I summed the habitat-specific density of
all forest types occupied, scaled by the proportion of the territory in each. For
example, if 80% of a gibbon group’s territory was in peat swamp and 20% in
freshwater swamp, then this index would be equal to 0.8 * habitat-specific gib-
bon density for peat swamp +0.2 * habitat-specific gibbon density for freshwa-
ter swamp (i.e., 0.8 * 7.28 individuals/km*+0.2 * 5.90 individuals/km?=7.00
individuals/km?).

Although data gathered during censuses generally provided complete and accu-
rate data on group size and demographic structure, in 2002, I closely observed and
followed all gibbon and leaf monkey groups detected on the census routes to esti-
mate the extent of each territory and to ensure that my field assistants and I had
accurately counted the total number of individuals in each group. In order to
increase the sample size of groups, I thoroughly searched the study site to
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identify additional groups that might have been missed on the census routes.
This resulted in reliable demographic data on 33 groups of gibbons and 13 groups
of leaf monkeys. I observed each of the 46 groups for a minimum of 3 consecutive
hours in each of 3 separate months, although in most cases, sample sizes were far
greater: each gibbon group was observed a mean of 11.5 times (range 3-73) and
for an average of 11.0 months (range 3-23 months); each leaf monkey group was
observed a mean of 25.2 times (range 3-96) and for an average of 17.1 months
(range 6-25 months).

In order to assess the size of gibbon territories and leaf monkey home ranges,
I plotted all group sightings for each species on a map superimposed with a
50 mx 50 m grid. I counted the number of squares inside the smallest polygon
that included all group observations, and multiplied this number by 0.25 ha to
estimate the home range size of each group (in ha). In cases where sample sizes
were sufficiently large (i.e., n>10 observations over at least 6 months), these
home range estimates were accurate because groups tended to deflect at territo-
rial boundaries during the course of longer group follows. Observed inter-group
encounters at territorial boundaries provided useful additional information
while estimating a group’s home range. Nevertheless, in many cases, sample
sizes were inadequate to accurately determine the full home range size. In addi-
tion, as estimated home range size increased in a curvilinear fashion with the
number of observations of a group, comparing home range sizes among groups
with different numbers of observations would be inappropriate. Therefore, I used
the home range residuals (HRR, the residuals from the polynomial regression
of home range size on observation number) as an unbiased estimate of home
range size.

To compile a list of food taxa utilized by gibbons and leaf monkeys, I used a
large sample of independent feeding observations from M. Leighton’s long-term
census data gathered between April 1985 and December 1991, additional oppor-
tunistic feeding observations from the same period, and my own data from
August 2000 — August 2002 (7,500 = 3365 1 onkeys = 895). When coupled with
phenological data from the same period, I was able to identify preferred foods for
gibbons and leaf monkeys, and foods that were eaten during periods when such
foods were scarce (i.e., fallback foods, see section “What Determines Habitat
Quality for Primates?”). Details are provided in Marshall (2004) and Marshall
and Leighton (2006).

We measured the habitat-specific availability of food resources by randomly
placing ten 0.5 ha plots in each forest type (n,,, ..., =70). In these plots, we conducted
a full census of all fig roots and liana stems with diameters at breast height (dbh,
137 cm above the ground) greater than 4.5 cm, and all trees with boles greater than
14.5 cm dbh. The dbh and botanical identification (using scientific nomenclature)
of each stem was recorded (N= 9,282 total stems). Details on sampling methodol-
ogy and botanical nomenclature are provided in Marshall and Leighton (20006).
On the basis of stem density data from these plots, we computed the habitat-specific
density of each plant taxon. From these data, the density of particular preferred or
fallback foods, or the total preferred or total fallback foods, in a habitat could easily
be calculated.
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Habitat-Specific Population Densities

Population density differs substantially among forest types. Point estimates of gibbon
densities range from 0.44 individuals/km? in montane forest to 10.27 individuals/km?
in lowland sandstone habitats; estimates of leaf monkey density range from 1.24
individuals/km? in montane forests to 10.53 individuals/km? in alluvial bench forest
(Table 9.1). During the observation period, population density was stable within each
habitat; no changes in population size were detected on surveys conducted bi-monthly
between September 2000 and July 2002. In order to ascertain whether population
densities were stable over longer periods, I examined the data collected using an
identical protocol between May 1985 and January 1992. Populations were stable over
this longer period, and there were no significant differences in habitat-specific
encounter rates of either species between 1985-1992 and 2000-2002 (Leighton and
Marshall, unpublished data). These results indicate that habitat-specific population
densities of both species did not fluctuate over time, an interpretation that fits expecta-
tions for species exhibiting risk-averse life-history strategies and low intrinsic rates of
population increase (Charnov and Berrigan 1993; Marshall 2004).

What Determines Habitat Quality for Primates?

The most widely used index of habitat quality is the population density that a habitat
can support at carrying capacity; high quality habitats support high population densi-
ties and low quality habitats support low population densities (Begon et al. 1996;
Krebs 2001). Thus, habitat quality (i.e., habitat-specific population density) should be
a function of the net energy available to support primate biomass, or the balance
between habitat-specific energy availability and habitat-specific costs (Caldecott
1980; Iwamoto and Dunbar 1983). Most previous work exploring the ecological
determinants of primate population density has focused on variation in habitat-spe-
cific benefits— essentially, different levels of energy input (i.e., food availability; e.g.,
Davies 1994; Chapman and Chapman 1999). Until recently, measures of food avail-
ability have been relatively simplistic, largely failing to consider potentially important
variation in what types of food are available. There is both growing empirical evi-
dence and widening conceptual realization that distinct classes of foods can have
quite different effects on primate populations on ecological and evolutionary time
scales (Laden and Wrangham 2005; Lambert 2007; Lambert et al. 2004; Marshall
et al. 2009b; Rosenberger 1992; Vogel et al. 2008; Wrangham et al. 1998).
Particular attention has been paid to the relative importance of preferred and
fallback foods. Preferred foods are positively selected (i.e., disproportionately used
relative to their abundance; cf. Leighton 1993; Manly et al. 2002). Fallback foods
are used in inverse proportion to the availability of preferred foods (Altmann
1988; Wrangham et al. 1998). These two classes of foods differ in their quality
(preferred foods are relatively high quality, fallback foods are relatively low quality)
and distribution in space and time (fallback foods are generally more abundant and
available than preferred foods; Lambert 2007; Marshall and Wrangham 2007).
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There is some debate about whether preferred or fallback foods determine
carrying capacity for primate populations. Some primatologists have suggested
that because preferred foods are of high nutritional quality and provide energy
necessary for reproduction, habitats with patches of preferred foods that are rela-
tively large or abundant might be expected to maintain higher overall primate
densities (e.g., Altmann et al. 1985; Balcomb et al. 2000). An alternative hypoth-
esis suggests that fallback foods limit population density because they provide
sustenance during periods of low food availability when competition for food is
most intense (e.g., Cant 1980; Foster 1982; Marshall and Leighton 2006;
Marshall et al. 2009c¢). Still other studies have suggested that alternative indices
of food availability, such as total or maximum food availability or protein to
fiber ratios in leaves, determine habitat quality (Chapman and Chapman 1999;
Davies et al. 1988; Hanya et al. 2004; Mather 1992; McKey 1978; Wasserman
and Chapman 2003).

Research on gibbons and leaf monkeys at CPRS suggests that consideration of
foods in distinct classes (i.e., preferred vs. fallback) is warranted (Marshall et al.
2009b). Data from CPRS show that simple measures of total food abundance
were not correlated with population density of either species across the seven
habitats at the site (Fig. 9.2a, d). Furthermore, leaf monkey density was highly
correlated with the availability of preferred foods during periods of high food
abundance, whereas gibbon density was not (Fig. 9.2 b, e). In contrast, habitat-
specific gibbon density was closely related to the availability of figs, their pri-
mary fallback food, while the availability of fallback foods did not explain any
variation in leaf monkey density across the seven forest types (Fig. 9.2 c, f).
These results are important because they suggest that only specific types of
resources determine habitat quality (rather than general measures of food avail-
ability, as is often assumed) and that different species may be limited by distinct
types of food resources, perhaps due to key differences in physiology, social sys-
tem, or life history (Marshall et al. 2009b).

Effects of Variation in Habitat Quality

Primatologists assume that ecological factors (e.g., climate, food availability, disease,
predation) drive macro-evolutionary processes (e.g., speciation, radiation, and
extinction), and examination of the effects of variation in these factors over time
and space has been the central goal of primate ecology for decades (e.g., Bourliére
1979; Chapman et al. 2002; Isbell 1991; Janson and Chapman 1999; Sterck et al.
1997; van Schaik 1983; Wrangham 1980). The unusual range of variation found
among the seven forest types at CPRS provides an ideal setting in which to examine
the consequences of variation in habitat quality on primate individuals, groups, and
populations. Here, I provide examples of the effects of habitat quality on gibbons
and leaf monkeys at each of these levels.
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Basic ecological theory predicts that habitat quality will have important influ-
ences on individual fitness, but that these effects will be mediated by social system.
In polygynous systems where females are relatively sedentary (e.g., leaf monkeys),
the quality of the territory that can be defended by a male will dictate the number
of females that he is able to attract. The logic behind this “polygyny threshold
model” (Orians 1969; Verner and Willson 1966) is that in a heterogeneous land-
scape, a female may gain access to more resources by joining an existing pair in a
high quality habitat than by establishing a new pair with a male in a habitat of lower
quality. Females should therefore assort themselves in accordance with the “ideal
free distribution” (Fretwell and Lucas 1969), and female fitness is equalized across
the landscape. In reality, most primate females may not be optimally distributed
among groups because a variety of factors might limit their ability to move freely
between groups (e.g., dispersal costs, benefits of remaining near kin, the need to
secure protection against predation). Nevertheless, the basic prediction is that varia-
tion in female fitness among polygynous groups will be small.

In monogamous territorial species (e.g., gibbons), social constraints prohibit
females from freely assorting themselves (sensu Fretwell and Lucas 1969). Mated
pairs typically defend territories to the exclusion of all other individuals. Therefore,
fitness is not equalized across the landscape, and female reproductive success
should be correlated with habitat quality, unless territory size is inversely correlated
with habitat quality (see below). Male reproductive success should be correlated
with habitat quality regardless of social system since in both systems, high quality
males will outcompete low quality males for access to the best territories (e.g.,
Owen-Smith 1977). In polygynous systems, these higher quality territories allow a
given male to attract more females, whereas in monogamous species, they provide
the mated pair with additional resources for use in reproduction and may allow a
male to attract a higher quality mate.

I used the average number of offspring (the sum of all infants, juveniles, and
subadults) per adult female in each group as a proxy of reproductive success. This
serves as a crude approximation of reproductive success as it does not include any
effects of differential female life spans or differences in maturation age among
groups, but is the best index presently available for populations at GPNP. As pre-
dicted, habitat quality had a strong influence on this measure of reproductive suc-
cess in gibbons and leaf monkeys, but the effects of habitat quality differed between
the two taxa. Since they live in monogamous pairs, the reproductive success of both
male and female gibbons was positively correlated with habitat quality (Fig. 9.3a).
In contrast, among polygynous leaf monkeys, males’ reproductive success was
higher in high quality habitats, while females’ reproductive success is unaffected
by habitat quality (Fig. 9.3b). This result confirms that social systems can funda-
mentally alter the way in which ecology affects individuals.

In high quality habitats (i.e., those supporting high population densities), pri-
mates might be expected either to live in larger groups or occupy smaller territories,
or both. At CPRS, group size is positively correlated with population density in
both gibbons (Fig. 9.4a, r*=0.58, n=33, p<0.0001) and leaf monkeys (Fig. 9.4b,
?=0.77, n=13, p<0.0001). Because of limited sampling, particularly of groups in
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Fig. 9.3 An index of reproductive success (number of infants per adult) plotted vs. habitat quality
(for groups whose entire territory was contained within one forest type this is equal to the habitat-
specific density for that forest type; for groups whose territory spanned multiple forest types, this
is the sum the habitat-specific density of all forest types occupied, scaled by the proportion of the
territory in each, see text). Reproductive success of male and female gibbons is positively corre-
lated with habitat quality (a; r’=0.58, p<0.0001, n=33). Reproductive success for male (b; dots,
solid line, »=0.70, p=0.0004, n=13) but not female leaf monkeys (b; circles, dashed line,
?=0.04, p=0.53, n=13) is positively correlated with habitat quality

low quality habitats, the home range size of only a subset of groups was assessed.
In this sample, a proxy of home range residuals (HRR) was unrelated to habitat
quality for gibbons (Fig. 9.4¢: r?=0.005, n=12, p=0.81) or leaf monkeys (Fig. 9.4d:
r’=0.004, n=10, p=0.86). These results suggest that a given area of high quality
habitat can support larger group sizes than the same area of low quality habitat,
implying that feeding competition need not be positively correlated with group
size. I return to this topic in the discussion below.

Animal taxa generally occupy a number of distinct habitats (Pulliam 1988), and
understanding the effects of habitat quality on population growth rates has been a
topic of considerable interest for animal ecologists for decades (Begon et al. 1996;
Krebs 2001). The quality of a habitat influences the birth, death, immigration, and
emigration rates of a population living there. In populations distributed across
heterogeneous landscapes, a proportion of individuals can be found in habitats
in which births exceed deaths and emigration exceeds immigration (i.e., they are
demographic sources with the natural rate of population increase, r, >0; Pulliam
1996). In contrast, sink habitats, in which deaths exceed births and immigration
exceeds emigration, have net negative population growth rates (r < 0; Pulliam 1988).
In the absence of immigration from sources, populations in sink habitats will
inevitably decline to extinction (Holt 1997). Although there are theoretical (e.g.,
Holt 1985; Watkinson and Sutherland 1995) and practical (e.g., Dias 1996; Doncaster
et al. 1997) difficulties that complicate attempts to empirically demonstrate
source-sink population dynamics in wild populations, there are mounting data
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Fig. 9.4 Group size plotted against habitat quality (defined as in Fig. 9.3) for gibbons (a) and
leaf monkeys (b). Habitat quality was unrelated to an index of home range size (HRR) for gibbons
(c: 2=0.005, n=12, p=0.81) or leaf monkeys (d: r’=0.004, n=10, p=0.86). Statistics and regres-
sion lines on plots are provided for significant relationships only

(e.g., Kreuzer and Huntly 2003; others reviewed in Pulliam 1996 and Diffendorfer
1998) to suggest that these dynamics characterize at least some animal species.
Since a wide range of mammalian taxa (including primates) exhibit substantially
depressed population densities with increased altitude, determining whether mon-
tane forests might be demographic sinks at CPRS is particularly relevant.
Population density of both gibbons and leaf monkeys was negatively correlated
with altitude (Fig. 9.5 a, b). At CPRS, the number of gibbon groups (n=33) was
sufficiently large to produce a simple demographic model, which indicated that
montane forests are likely to be demographic sinks for this species, and suggests
that montane forests could not support gibbon populations in the absence of contin-
ued input of individuals from higher quality lowland forests (Fig. 9.5a; Marshall
2009). The more limited sample of leaf monkey groups (n=13) has precluded
population modeling, but population density is clearly negatively related to altitude
(Fig. 9.5b). This relationship is strongly significant when peat swamp forests
(located in the lowlands but still of poor quality for leaf monkeys due to their very
limited productivity) are removed from the analysis, and merely a statistical trend
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Fig. 9.5 Territory-specific population density (individuals/km?, defined as the territory specific
habitat-quality, as in Fig.9.3) of gibbons (a) and leaf monkeys (b) plotted against altitude (meters
asl). Statistics: (a) r?=0.82, p<0.0001, n=33, from Marshall 2009; (b) including two peat swamp
groups (open circles): ?=0.29, p<0.06, n=13; excluding peat swamp groups: r>=0.77, p<0.0004,
n=11. A simple demographic model using these cross-sectional data suggested that montane
forests are sink habitat for gibbons (Marshall 2009); data are insufficient to estimate habitat-specific
population growth rates for leaf monkeys

when the two peat swamp leaf monkey groups are retained. However, the implica-
tion of this result is similar to that found for gibbons: if lowland forests (most of
which are of high quality for leaf monkeys) were destroyed, montane leaf monkey
population densities might not be viable. These results have important conservation
implications, which will be discussed at the end of the Discussion section.

Discussion

This chapter presents an overview of results that have emerged from studies of gib-
bons and leaf monkeys living in a range of distinct habitats. These results indicate
that habitat quality (i.e., population density at carrying capacity) can vary substan-
tially across forest types on relatively small spatial scales. These results also sug-
gest that different classes of food resource (e.g., preferred and fallback foods) can
have distinct effects on primate populations, that these effects may differ between
primate taxa, and, therefore, that simple measures of food availability are inade-
quate to capture the ecological variation of most relevance to primates. Furthermore,
habitat quality can have important implications for primate populations on the
individual, group, and population level. For example, habitat quality can influence
individual reproductive success, group size, and a population’s probability of
persistence. This suggests that observations and ecological inferences from one
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habitat should be extrapolated to other habitats with caution, and that a full under-
standing of a primate species’ behavior, group and demographic structure, and
population dynamics requires study of the species across the full range of habitats
that it occupies.

As discussed earlier, most primate field studies are conducted in relatively high
quality habitats, for understandable reasons. Therefore, the biological and demo-
graphic characteristics, such as reproduction (e.g., weaning age, inter-birth interval),
density and demographic composition, and disease burden, observed in these habi-
tats probably represent “best case scenarios” for these groups and are not representa-
tive of the natural range of variation in these species. Moreover, these biases likely
affect our understanding of social and behavioral traits of certain primate taxa as
well. It is hypothesized that long-term differences in habitat quality have led to a
divergence of ecological adaptations in closely related species (e.g., Bornean vs.
Sumatran orangutans: Delgado and van Schaik 2000; van Schaik et al. 2009; chim-
panzees vs. bonobos: Wrangham 1986), and it is likewise reasonable to view some
of the variation between different populations of a given primate species (e.g., chim-
panzees: Doran et al. 2002; savanna baboons: Kamilar 2006) as a result of variation
in habitat quality. Aspects of social behavior that are often considered to be hall-
marks of a primate species’ biology (e.g., intensity of food competition, presence of
female bonding, degree of polygyny, hunting behavior) turn out to be quite variable
within that species under different ecological conditions (e.g., rates of inter-group
conflict and violent competition in gorillas living at high vs. low density: Yamagiwa
1999; female bonds in captive vs. wild chimpanzees: Baker and Smuts 1994; degree
of polygyny in leaf monkeys: this study; hunting frequency and success rates of
Kanayawara vs. Ngogo chimpanzees: Mitani and Watts 1999). This suggests that an
increased awareness of the influence of habitat quality may improve our understanding
of how ecological parameters have influenced the course of primate evolution.

This discussion of the determinants of habitat-specific carrying capacity focused
on differences in indices of food availability among forest types, and did not con-
sider the potentially important role of variation in habitat-specific costs. The role of
ecological costs in limiting primate population density has generally received less
attention from primate ecologists than has the role of food availability (but see, e.g.,
Caldecott 1980; Chapman et al. 2002; Davies et al. 1988; Dunbar 1992a, b;
Ganzhorn 1992; McKey 1978; Milton 1979). This is notable given the extensive
attention that has been paid to the costs of primate grouping (e.g., due to feeding
competition, infanticide, and disease; Isbell 1991; Janson and Goldsmith 1995;
Nunn 2003; van Schaik 1983; van Schaik and Janson 2000; Wrangham 1980). In
principle, habitat-specific costs might differ among forest types at CPRS for several
reasons, including thermoregulatory costs associated with elevation (Caldecott
1980; Hill et al. 2000; Iwamoto and Dunbar 1983); locomotor costs associated with
differences in canopy structure (Cannon and Leighton 1994; 1996; Kappeler 1984);
or costs of interspecific competition from other frugivorous vertebrates (Gautier-Hion
1978; Marshall et al. 2009a; Poulson et al. 2002). Ongoing work at CPRS is
incorporating explicit consideration of habitat-specific costs, and will clarify how
habitat-specific costs and benefits interact to determine primate carrying capacity.
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Much theoretical and empirical work in primatology seeks to elucidate the factors
underlying gregariousness in primates, and to understand the forces that influence
group size (e.g., Wrangham 1980; van Schaik 1983). Factors such as within-group
scramble competition and infanticide are thought to limit group size (Janson and
Goldsmith 1995; van Schaik and Janson 2000), while predation risk and between-
group contest competition are thought to increase the benefits of grouping
(Wrangham 1980; van Schaik 1983). Owing to the presumed importance of within
group scramble feeding competition, female fitness is predicted to be lower in
larger groups (e.g., Borries et al. 2008; van Noordwijk and van Schaik 1999). This
prediction is based on the tacit assumption that some variable other than food
availability limits group size, and that females in larger groups experience more
intense feeding competition. An alternative hypothesis is that fitness is equalized
across groups of different size within a population because females distribute
themselves according to an ideal free distribution (Fretwell and Lucas 1969). This
perspective does not imply that feeding competition is unimportant, it simply sug-
gests that the influence of feeding competition primarily occurs at the level of
determining group size (e.g., affecting female decisions about which groups to
join). Results from CPRS support the hypothesis that female leaf monkey reproduc-
tive success is independent of habitat quality (Fig 9.3b) and group size (n=13,
R?=0.03, p=0.52, Boyko, Boyko, and Marshall, unpublished analysis), implying
that increased competition in larger groups is offset by the absolutely greater
amounts of food available in higher quality habitats. Some other studies of primarily
folivorous primates have also shown no effect of group size on reproductive
success (e.g., gorillas: Stokes et al. 2003; Robbins et al. 2007; Thomas’ langurs:
Steenbeek and van Schaik 2001) although such results are not universal (e.g.,
Borries et al. 2008; Snaith and Chapman 2008).

Future Directions

The sampling methods employed at CPRS provide an unusually extensive sample
of primate groups across a wide range of ecological conditions. This approach has
provided a unique perspective on landscape-level processes, but has done little to
improve understanding of how habitat quality influences the behavior of gibbons
and leaf monkeys. Examination of the influence of habitat quality on behavior may
improve our understanding of the range of behavioral flexibility exhibited in these
species. For instance, residence times in food patches are predicted to vary as a
function of the distribution and abundance of resources in the environment
(Charnov 1976; Grether et al. 1992; Schoener 1971), and should vary systemati-
cally among forest types at CPRS. Assessment of whether and how preferred and
fallback foods for gibbons and leaf monkeys are depleted would elucidate how food
type influences foraging behavior, and would contribute to the recent reexamination
of the long-held assumptions about the lack of feeding competition in folivorous
primates (Koenig 2000; Snaith and Chapman 2005; 2007). Behavioral data collected
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across the mosaic of habitat types may also identify the proximate mechanisms that
underlie some of the individual, group, and population effects reported here. For
example, long-term monitoring of individual life histories (e.g., age at dispersal,
offspring mortality, inter-birth intervals) would permit determination of which
components of fitness are influenced by habitat quality. Finally, differences in rates
of immigration and emigration among habitats would provide behavioral indica-
tions of source-sink population dynamics.

Understanding how habitat quality influences populations may improve our abil-
ity to protect and manage populations of threatened primate species in a number of
ways. For example, if particular classes of foods are disproportionately important
in limiting primate populations, special attention may be taken to spare these food
resources during selective logging operations (Felton et al. 2003; Johns 1986;
Leighton and Leighton 1983), and enrichment planting of these taxa may be used
to raise the primate carrying capacity of degraded areas (Marshall et al. 2009b).
Identifying and protecting habitats that are disproportionately used during periods
of overall fruit scarcity also may be crucial for maintaining populations in hetero-
geneous landscapes (Cannon et al. 2007b; Curran and Leighton 2000; Furuichi
et al. 2001; Johnson et al. 2005). In addition, understanding how species respond to
natural variation in habitat quality may provide insight into their responses to future
habitat alteration, through either human-induced habitat degradation or climate
change (Marshall et al. 2006; Meijaard et al. 2008).

Explicit consideration of habitat-specific carrying capacity and an understanding
of source-sink population dynamics suggest that higher elevation forests contribute
relatively little to maintaining viable populations of some primate species (e.g.,
gibbons at CPRS, Marshall 2009; Bornean orangutans, Husson et al. 2009).
Similarly, conservation plans that include population estimates based on remaining
habitat area without regard to habitat quality will likely substantially overestimate
the size of primate populations remaining in forest fragments, and lead to unrealis-
tically optimistic estimates of their long term stability and viability (Chapman and
Lambert 2000; Cowlishaw and Dunbar 2000; Marshall et al. 2009d). For example,
the population densities of primates and other vertebrates may be extremely low
in the large tracts of forest in Central Kalimantan (McConkey and Chivers 2004).
Therefore, although these areas are attractive targets for conservation due to their
high diversity and relatively limited disturbance, they may not support viable
populations of threatened vertebrates unless the areas protected are very large
(McConkey and Chivers 2004).

Acknowledgments I thank J. Supriatna and S. Gursky-Doyen for inviting me to contribute to this
volume, and R. Garvey and two anonymous reviewers for helpful comments that substantially
improved this chapter. Permission to conduct research at Gunung Palung National Park was kindly
granted by the Indonesian Institute of Sciences (LIPI), the State Ministry of Research and
Technology (RISTEK), the Directorate General for Nature Conservation (PHKA) and the Gunung
Palung National Park Bureau (BTNGP). I gratefully acknowledge the financial support of the
J. William Fulbright Foundation, the Louis Leakey Foundation, a Frederick Sheldon Traveling
Fellowship, and the Department of Anthropology at Harvard University. I thank Universitas
Tanjungpura (UNTAN), my counterpart institution in Indonesia since 1996, and M. Leighton and



9  Effect of Habitat Quality on Primate Populations in Kalimantan 173

R. W. Wrangham for support and encouragement. I gratefully acknowledge the assistance and
support of the many students, researchers, and field assistants who worked at the Cabang Panti
Research Station over the past two decades, particularly Albani, M. Ali A. K., Busran A. D.,
Edward Tang, Hanjoyo, J. R. Harting, Rhande, and J. R. Sweeney.

References

Altmann J, Hausfater G, Altmann SA (1985) Demography of Amboseli baboons, 1963-1983. Am
J Primatol 8:113-125

Altmann SA (1988) Foraging for survival. Chicago University Press, Chicago

Baker KC, Smuts BB (1994) Social relationships of female chimpanzees: diversity between cap-
tive groups. In: Wrangham RW, McGrew WC, de Waal FBM, Heltne PG (eds) Chimpanzee
cultures. Harvard University Press, Cambridge, pp 227-242

Balcomb SR, Chapman C, Wrangham RW (2000) Relationship between chimpanzee (Pan troglo-
dytes) density and large, fleshy-fruit tree density: conservation implications. Am J Primatol
51:97-203

Begon M, Harper JL, Townsend CR (1996) Ecology: individuals, populations, and communities.
Sinauer Associates, Inc, Sunderland, MA

Borries C, Larney E, Lu A, Ossi K, Koenig A (2008) Costs of group size: lower developmental
and reproductive rates in larger groups of leaf monkeys. Behav Ecol 19:1186-1191

Bourliére F (1979) Significant parameters of environmental quality for nonhuman primates. In:
Bernstein IS, Smith EO (eds) Primate ecology and human origins: ecological influences on
social organization. New York, Garland Press, pp 23-46

Buckland ST, Anderson DR, Burnham KP, Laake JL, Borchers DL, Thomas L (2001) Introduction
to distance sampling. Oxford University Press, Oxford

Caldecott JO (1980) Habitat quality and populations of two sympatric Gibbons (Hylobatidae) on
a mountain in Malaya. Folia Primatol 33:291-309

Cannon CH, Curran LM, Marshall AJ, Leighton M (2007a) Long-term reproductive behavior of
woody plants across seven Bornean forest types in the Gunung Palung National Park (Indonesia):
suprannual synchrony, temporal productivity, and fruiting diversity. Ecol Lett 10:956-969

Cannon CH, Curran LM, Marshall AJ, Leighton M (2007b) Beyond mast-fruiting events: com-
munity asynchrony and individual dormancy dominate woody plant reproductive behavior
across seven Bornean forest types. Curr Sci 93:1558-1566

Cannon CH, Leighton M (1994) Comparative locomotor ecology of gibbons and macaques: selec-
tion of canopy elements for crossing gaps. Am J Phys Anthro 93:505-524

Cannon CH, Leighton M (1996) Comparative locomotor ecology of gibbons and macaques: does
brachiation minimize travel costs? Trop Biodiversity 3:261-267

Cant JGH (1980) What limits primates? Primates 21:538-544

Chapman CA, Chapman LJ (1999) Implications of small scale variation in ecological conditions
for the diet and density of red colobus monkeys. Primates 40:215-231

Chapman CA, Chapman LJ, Bjorndal KA, Onderdonk DA (2002) Application of protein-to-fiber
ratios to predict colobine abundance on different spatial scales. Inter J Primatol 23:283-310

Chapman CA, Lambert JE (2000) Habitat alteration and conservation of African primates: case
study of Kibale National Park, Uganda. Am J Primatol 50:169—185

Charnov EL (1976) Optimal foraging, the marginal value theorem. Theor Pop Biol 9:129-136

Charnov EL, Berrigan D (1993) Why do female primates have such long lifespans and so few
babies? or life in the slow lane. Evol Anthro 1:191-194

Cowlishaw G, Dunbar RIM (2000) Primate conservation biology. University of Chicago Press,
Chicago, Illinois

Curran LM, Leighton M (2000) Vertebrate responses to spatiotemporal variation in seed produc-
tion of mast-fruiting Dipterocarpaceae. Ecol Mono 70:101-128



174 A.J. Marshall

Davies AG (1994) Colobine populations. In: Davies AG, Oates JF (eds) Colobine monkeys: their
ecology, behaviour, and evolution. Cambridge University Press, Cambridge, pp 285-310

Davies AG, Bennett EL, Waterman PG (1988) Food selection by two south-east Asian colobine
monkeys (Presbytis rubicunda and Presbytis melalophos) in relation to plant chemistry. Biol
J Linn Soc 34:33-56

Delgado RA Jr, van Schaik CP (2000) The behavioral ecology and conservation of the orangutan
(Pongo pygmaeus): A tale of two islands. Evol Anthro 9:201-218

Dias PC (1996) Sources and sinks in population biology. Trend Ecol Evol 11:326-330

Diffendorfer JE (1998) Testing models of source-sink dynamics and balanced dispersal. Oikos
81:417-433

Doncaster CP, Clobert J, Doligez B, Gustafsson L, Danchin E (1997) Balanced dispersal between
spatially varying local populations: an alternative to the source-sink model. Am Nat 150:425-445

Doran DM, Jungers WL, Sugiyama Y, Fleagle JG, Heesy C (2002) Multivariate and phylogenetic
approaches to understanding chimpanzee and bonobo behavioral diversity. In: Boesch C,
Hohmann G, Marchant LF (eds) Behavioural diversity in Chimpanzees and Bonobos.
Cambridge University Press, Cambridge, pp 14-34

Dunbar RIM (1992a) Time: a hidden constraint on the behavioural ecology of Baboons. Behav
Ecol Sociobiol 31:35-49

Dunbar RIM (1992b) A model of the gelada socio-ecological system. Primates 33:69-83

Felton AM, Engstrom LM, Felton A, Knott CD (2003) Effects of selective hand-logging on orang-
utan population density, forest structure and fruit availability in a peat swamp forest in West
Kalimantan. Indonesia Biol Cons 114:91-101

Foster RB (1982) The seasonal rhythm of fruitfall on Barro Colorado Island. In: Leigh EGJ, Rand
AS, Windsor DM (eds) The ecology of a tropical forest: seasonal rhythms and long-term
changes. Smithsonian Inst. Press, Washington, DC, pp 151-172

Fretwell SD, Lucas HL Jr (1969) On territorial behavior and other factors influencing habitat
distribution in birds. Acta Biotheor 19:16-36

Furuichi T, Hashimoto C, Tashiro Y (2001) Fruit availability and habitat use by chimpanzees in
the Kalinzu Forest, Uganda: examination of fallback foods. Inter J Primatol 22:929-945

Ganzhorn JU (1992) Leaf chemistry and biomass of folivorous primates in tropical forests: test of
a hypothesis. Oecologia 91:540-547

Gautier-Hion A (1978) Food niches and co-existence in sympatric primates in Gabon. In: Chivers
DJ, Herbert CA (eds) Recent advances in primatology. Academic, London

Grether GF, Palombit RA, Rodman PS (1992) Gibbon foraging decisions and the marginal value
model. Inter J Primatol 13:1-17

Hanya G, Yoshihiro S, Zamma K, Matsubara H, Ohtake M, Kubo R, Noma N, Agetsuma N,
Takahata Y (2004) Environmental determinants of the altitudinal variations in relative group
densities of Japanese macaques on Yakushima. Ecol Res 19:485-493

Hill RA, Lycett JE, Dunbar RIM (2000) Ecological and social determinants of birth intervals in
Baboons. Behav Ecol 11:560-564

Holt RD (1985) Population dynamics in two-patch environments: some anomalous consequences
of an optimal habitat distribution. Theor Popul Biol 28:181-208

Holt RD (1997) On the evolutionary stability of sink populations. Evol Ecol 11:723-731

Husson SJ, Wich SA, Marshall AJ, Dennis RD, Ancrenaz M, Brassey R, Gumal M, Hearn AJ, Meijaard
E, Simorangkir M, Singleton I (2009) Orangutan distribution density abundance and impacts of
disturbance. In: Wich SA, Utami S, Mitra Setia T, van Schaik CP (eds) Orangutans: geographic
variation in behavioral ecology and conservation. Oxford University Press, Oxford, pp 77-96

Isbell LA (1991) Contest and scramble competition: patterns of female aggression and ranging
behavior among primates. Behav Ecol 2:143-155

Iwamoto T, Dunbar RIM (1983) Thermoregulation, habitat quality and the behavioural ecology
on Gelada Baboons. J Anim Ecol 52:357-366

Janson CH, Chapman CA (1999) Resources and primate community structure. In: Fleagle JF,
Janson C, Reed KE (eds) Primate communities. Cambridge University Press, Cambridge, pp
237-267



9  Effect of Habitat Quality on Primate Populations in Kalimantan 175

Janson CH, Goldsmith ML (1995) Predicting group size in primates: foraging costs and predation
risks. Behav Ecol 6:326-336

Johns AD (1986) Effects of selective logging on the behavioral ecology of West Malaysian pri-
mates. Ecology 67:684-694

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

Kamilar JM (2006) Geographic variation in Savanna Baboon (Papio) ecology and its taxonomic
and evolutionary implications. In: Lehman SM, Fleagle JG (eds) Primate biogeography: prog-
ress and prospects. Springer, New York, pp 169-200

Kappeler M (1984) The gibbon in Java. In: Preuschoft H, Chivers DJ, Brockelman WY, Creel N
(eds) The lesser apes: evolutionary and behavioural biology. Edinburgh University Press,
Edinburgh, pp 19-31

Knott CD (1998) Changes in orangutan diet, caloric intake, and ketones in response to fluctuating
fruit availability. Inter J Primatol 19:1061-1079

Koenig A (2000) Competitive regimes in forest-dwelling Hanuman langur females (Semnopithecus
entellus). Behav Ecol Sociobiol 48:93—-109

Krebs CJ (2001) Ecology: the experimental analysis of distribution and abundance. Benjamin
Cummings, San Francisco

Kreuzer MP, Huntly NJ (2003) Habitat-specific demography: evidence for source-sink population
structure in a mammal, the pika. Oecologia 134:343-349

Laden G, Wrangham RW (2005) The rise of the hominids as an adaptive shift in fallback foods:
plant underground storage organs (USOs) and australopith origins. ] Hum Evol 49:482-498

Lambert JE (2007) Seasonality, fallback strategies, and natural selection: a chimpanzee and
Cercopithecoid model for interpreting the evolution of the hominin diet. In: Ungar PS (ed)
Evolution of the human diet: the known, the unknown, and the unknowable. Oxford University
Press, Oxford, pp 324-343

Lambert JE, Chapman CA, Wrangham RW, Conklin-Brittain NL (2004) Hardness of cercopithe-
cine foods: implications for the critical function of enamel thickness in exploiting fallback
foods. Am J Phys Anthro 125(4):363-368

Leighton M (1993) Modeling diet selectivity by Bornean orangutans: evidence for integration of
multiple criteria for fruit selection. Inter J Primatol 14:257-313

Leighton M, Leighton D (1983) Vertebrate responses to fruiting seasonality within a Bornean rain
forest. In: Sutton SL, Whitmore TC, Chadwick AC (eds) Tropical rain forest: ecology and
management. Blackwell Scientific Publications, Boston, pp 181-196

Manly BJF, McDonald LL, Thomas DL, McDonald TL, Erickson WP (2002) Resource selection
by animals. Kluwer Academic, Dordrecht

Marshall AJ (2004) The population ecology of gibbons and leaf monkeys across a gradient of
Bornean forest types. Ph.D. Dissertation, Department of Anthropology. Cambridge, MA,
Harvard University

Marshall AJ (2009) Are montane forests demographic sinks for Bornean white-bearded Gibbons
(Hylobates albibarbis)? Biotropica 41:257-267

Marshall AJ, Leighton M (2006) How does food availability limit the population density of white-
bearded gibbons? In: Hohmann G, Robbins MM, Boesch C (eds) Feeding ecology of the Apes
and other Primates. Cambridge University Press, Cambridge, pp 311-333

Marshall AJ, Wrangham RW (2007) The ecological significance of fallback foods. Int J Primatol
28:1219-1235

Marshall AJ, Nardiyono LM, Engstrom B, Pamungkas J, Palapa J, Meijaard E, Stanley SA (2006)
The blowgun is mightier than the chainsaw in determining population density of Bornean orang-
utans (Pongo pygmaeus morio) in the forests of East Kalimantan. Biol Cons 129:566-578

Marshall AJ, Cannon CH, Leighton M (2009a) Competition and niche overlap between gibbons
(Hylobates albibarbis) and other frugivorous vertebrates in Gunung Palung National Park,
West Kalimantan, Indonesia. In: Lappan S, Whittaker DJ (eds) The Gibbons: new perspectives
on small ape socioecology and population biology. Springer, New York, pp 161-188



176 A.J. Marshall

Marshall AJ, Boyko CM, Feilen KL, Boyko RH, Leighton M. (2009b). Defining fallback foods and
assessing their importance in primate ecology and evolution. Am J Phys Anthro, 140: 603-614

Marshall AJ, Ancrenaz M, Brearley FQ, Fredriksson GM, Ghaffar N, Heydon M, Husson SJ,
Leighton M, McConkey KR, Morrogh-Bernard HC, Proctor J, van Schaik CP, Yeager CP,
Wich SA (2009¢) The effects of habitat quality, phenology, and floristics on populations
of Bornean and Sumatran orangutans: are Sumatran forests more productive than
Bornean forests? In: Wich SA, Utami S, Mitra Setia T, van Schaik CP (eds) Orangutans:
Geographic variation in behavioral ecology and conservation. Oxford University Press,
Oxford, pp 97-117

Marshall AJ, Lacy R, Ancrenaz M, Byers O, Husson S, Leighton M, Meijaard E, Rosen N,
Singleton I, Stephens S, Traylor-Holtzer K, Utami Atmoko S, van Schaik CP, Wich SA (2009d)
Orangutan population biology, life history, and conservation: Perspectives from PVA models.
In: Wich SA, Utami S, Mitra Setia T, van Schaik CP (eds) Orangutans: Geographic variation
in behavioral ecology and conservation. Oxford University Press, Oxford, pp 311-326

Mather RJ (1992) A field study of hybrid Gibbons in Central Kalimantan, Indonesia. PhD
Dissertation, Department of Anthropology, Cambridge, Cambridge University, UK

McConkey KR, Chivers DJ (2004) Low mammal and hornbill abundance in the forests of Barito
Ulu, Central Kalimantan, Indonesia. Oryx 38:439-447

McKey DB (1978) Soils, vegetation, and seed-eating by black colobus monkeys. In: Montgomery
GG (ed) The Ecology of Arboreal Folivores. Smithsonian Institution Press, Washington DC,
pp 423437

Meijaard E, Sheil D, Marshall AJ, Nasi R (2008) Phylogenetic age is positively correlated with
sensitivity to timber harvest in Bornean mammals. Biotropica 40:76-85

Milton K (1979) Factors influencing leaf choice by howler monkeys: a test of some hypotheses of
food selection by generalist herbivores. Am Nat 114:362-378

Mitani JC (1990) Demography of Agile Gibbons (Hylobates agilis). Inter J Primatol
11:411-424

Mitani J, Watts DP (1999) Demographic influences on the hunting behavior of chimpanzees.
Amer J Phys Anthro 109:439-454

Morrogh-Bernard H, Husson SJ, Knott CD, Wich SA, van Schaik CP, van Noordwijk MA,
Lackman-Ancrenaz I, Marshall AJ, Kanamori T, Kuze N, bin Sakong R (2009) Orangutan
activity budgets and diet: a comparison between species, populations, and habitats. In: Wich
SA, Utami S, Mitra Setia T, van Schaik CP (eds) Orangutans: Geographic variation in behav-
ioral ecology and conservation. Oxford University Press, Oxford, pp 119-133

Nunn CL (2003) Sociality and disease risk: a comparative study of leukocyte counts in primates.
In: De Waal FBM, Tyack PL (eds) Animal social complexity. intelligence, culture, and indi-
vidualized societies. Harvard University Press, Cambridge MA, pp 26-31

Orians GH (1969) On the evolution of mating systems in birds and mammals. Am Nat
103:589-603

Owen-Smith N (1977) On territoriality in ungulates and an evolutionary model. Quart Rev Biol
52:1-38

Poulson JR, Clark CJ, Connor E, Smith TB (2002) Differential resource use by primates and
hornbills: implications for seed dispersal. Ecol 83:228-240

Pulliam HR (1988) Sources, sinks, and population regulation. Am Nat 132:652-661

Pulliam HR (1996) Sources and sinks: empirical evidence and population consequences. In:
Rhodes OEJ, Chesser RK, Smith MH (eds) Population dynamics in ecological space and time.
University of Chicago Press, Chicago, IL, pp 45-69

Robbins M, Robbins A, Gerald-Steklis N, Steklis H (2007) Socioecological influences on the
reproductive success of female mountain gorillas (Gorilla beringei beringei). Behav Ecol
Sociobiol 61:919-931

Rosenberger AL (1992) Evolution of feeding niches in new world monkeys. Am J Phys Anthro
88:545-562

Schoener TW (1971) Theory of feeding strategies. Ann Rev Ecol Syst 2:369-404



9 Effect of Habitat Quality on Primate Populations in Kalimantan 177

Schultz AH (1968) The recent hominoid primates. In: Washburn SL, Jay PC (eds) Perspectives on
human evolution. New York, Holt, Rinehart and Winston, pp 122-191

Smith HB (1989) Dental development as a measure of life history in primates. Evolution
43:683-688

Snaith TV, Chapman CA (2005) Towards an ecological solution to the folivore paradox: patch
depletion as an indicator of within-group scramble competition in red colobus. Behav Ecol
Sociobiol 59:185-190

Snaith TV, Chapman CA (2007) Primate group size and interpreting socioecological models: Do
folivores really play by different rules? Evol Anthro 16:94-106

Snaith TV, Chapman CA (2008) Red colobus monkeys display alternative behavioral responses to
the costs of scramble competition. Behav Ecol 19:1289-1296

Steenbeek R, van Schaik CP (2001) Competition and group size in Thomas’s Langurs (Presbytis
thomasi): the folivore paradox revisited. Behav Ecol Sociobiol 49:100-110

Sterck EHM, Watts DP, van Schaik CP (1997) The evolution of female social relationships in
nonhuman primates. Behav Ecol Sociobiol 41:291-309

Stokes E, Parnell R, Olejniczak C (2003) Female dispersal and reproductive success in wild west-
ern lowland gorillas (Gorilla gorilla gorilla). Behav Ecol Sociobiol 54:329-339

Strum SC, Western JD (1982) Variations in fecundity with age and environment in olive baboons
(Papio anubis). Am J Primatol 3:61-76

Thomas L, Laake JL, Strindberg MS, Marques FFC, Buckland ST, Borchers DL, Anderson DR,
Burnham KP, Hedley SL, Pollard JH, Bishop JRB, Marques TA (2006) Distance 5.0 Release
2, Research Unit for Wildlife Population Assessment, University of St. Andrews, UK. http://
www.ruwpa.st-and.ac.uk/distance/

van Noordwijk MA, van Schaik CP (1999) The effects of dominance rank and group size on
female lifetime reproductive success in wild long-tailed macaques, Macaca fascicularis.
Primates 40:105-130

van Schaik CP (1983) On the ultimate causes of primate social systems. Behaviour 85:91-117

van Schaik CP, Janson CH (2000) Infanticide by males and its implications. Cambridge University
Press, Cambridge

van Schaik CP, Marshall AJ, Wich SA (2009) Geographic variation in orangutan behavior and
biology: its functional interpretation and its mechanistic basis. In: Wich SA, Utami S, Mitra
Setia T, van Schaik CP (eds) Orangutans: Geographic variation in behavioral ecology and
conservation. Oxford University Press, Oxford, pp 351-361

Verner J, Willson MF (1966) The influence of habitats on mating systems of North American
birds. Ecol 47:143-147

Vogel ER, van Woerden JT, Lucas PW, Utami Atmoko SS, van Schaik CP, Dominy NJ (2008)
Functional ecology and evolution of hominoid molar enamel thickness: Pan troglodytes sch-
weinfurthii and Pongo pygmaeus wurmbii. ] Hum Evol 55:60-74

Wasserman MD, Chapman CA (2003) Determinants of colobine monkey abundance: the impor-
tance of food energy, protein, and fibre content. J] Anim Ecol 72:650-659

Watkinson AR, Sutherland WJ (1995) Sources, sinks and pseudo-sinks. J Anim Ecol 64:126-130

Wrangham RW (1980) An ecological model of female bonded primate groups. Behaviour
75:262-300

Wrangham RW (1986) Ecology and social relationships in two species of chimpanzee. In:
Rubenstein DI, Wrangham RW (eds) Ecology and social evolution: birds and mammals.
Princeton University Press, Princeton, pp 352-378

Wrangham RW, Conklin-Brittain NL, Hunt KD (1998) Dietary response of chimpanzees and
Cercopithecines to seasonal variation in fruit abundance: I. Antifeedants. Int J Primatol
19:949-970

Yamagiwa J (1999) Socioecological factors influencing population structure of gorillas and chim-
panzees. Primates 40:87-104


http://www.ruwpa.st-and.ac.uk/distance/
http://www.ruwpa.st-and.ac.uk/distance/

	Chapter 9
	Effect of Habitat Quality on Primate Populations in Kalimantan: Gibbons and Leaf Monkeys as Case Studies
	Introduction
	Study Site and Subjects
	Field Methods
	Habitat-Specific Population Densities
	What Determines Habitat Quality for Primates?
	Effects of Variation in Habitat Quality
	Discussion
	Future Directions

	References


