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ABSTRACT Body mass is a key determinant of a
species’ ecology, including locomotion, foraging strat-
egies, and energetics. Accurate information on the body
mass of wild primates allows us to develop explanatory
models for relationships among body size, ecology, and
behavior and is crucial for reconstructing the ecology
and behavior of fossil primates and hominins. Informa-
tion on body mass can also provide indirect information
on health and can be an important tool for conservation
in the context of increasingly widespread habitat dis-
turbance. This study reports body mass data recorded
for wild Northeast Bornean orangutans (Pongo pyg-
maeus morio) during relocation efforts in forestry and oil
palm plantations in East Kalimantan, Indonesia. The
average mass of flanged adult males (n 5 12, 74 6 9.78
kg) and adult females (n 5 7, 35.29 6 7.32 kg) from this

study were 13.6% and 9% lower, respectively, than the
only other published wild Bornean orangutan body mass
measurements, but the range of weights for both males
and females was larger for this study. This pattern could
be due to sampling error, data collection differences, or
the influence of habitat disturbance, specifically a lack of
access to resources, on individual health. When neces-
sary relocations present the opportunity, we encourage
researchers to prioritize the collection of body size data
for the purposes of understanding ecology but also as an
indirect means of monitoring population viability. As pri-
mate habitat becomes increasingly fragmented and
altered by humans such data will become critical to our
ability to make informed conservation decisions. Am J
Phys Anthropol 157:339–346, 2015. VC 2015 Wiley Periodi-

cals, Inc.

Body mass is a key component of a species’ biology
and an important determinant of aspects of their ecology
including locomotion, diet, foraging strategies, and ener-
getics (Kleiber, 1961; Bell, 1971; Clutton-Brock and Har-
vey, 1977; Calder, 1984; Damuth and MacFadden, 1990).
It also has an important influence on social behavior,
including reproductive and social strategies (e.g., Mitani,
1989; Knott, 2005). Information on wild primate body
mass allows us to develop more accurate explanatory
models of relationships among body size, ecology, and
behavior. These data are thus crucial for reconstructing
the ecology of fossil primates and hominins, including
the relationship between body size, brain size, and eco-
logical and behavioral adaptations (e.g., Jungers, 1985;
McHenry, 1992, 1994; Ruff et al., 1997; Spocter and
Manger, 2007). Information on body mass can also be an
important tool for conserving primates in the context of
increasingly widespread habitat disturbance and frag-
mentation (Laurance et al., 2000; Chapman and Peres,
2001). Assessing the impact of disturbance on primate
populations and the potential conservation value of
degraded landscapes requires information on how such
landscapes influence population viability. Since demo-
graphic information generally used to measure popula-
tion viability (e.g., natality, mortality, immigration) are
difficult to obtain, recent research has emphasized that
more direct measures of health, including body mass,
can be used to assess the impact of fragmentation on

populations and to monitor population status (Dutton
et al., 2003, 2008; Junge and Louis, 2005a, 2005b, 2007;
Junge et al., 2008; Irwin et al., 2010; Junge et al., 2011).

The orangutan, which is divided into two species (the
Bornean orangutan: Pongo pygmaeus, and the Sumatran
orangutan: Pongo abelii), is the only primarily arboreal
great ape and the largest arboreal mammal (MacKinnon,
1974). The unusual combination of large body size and
arboreality in orangutans has been hypothesized to be a
remnant of terrestriality and predator defense strategies
from their evolutionary past (MacKinnon, 1974; Rijksen,
1978; Smith and Pilbeam, 1980) or an adaptation provid-
ing the strength to exploit fallback foods such as unripe
fruit, inner bark, leaves, and nonleafy vegetation (MacK-
innon, 1974; Rodman, 1977; Knott, 1998; Taylor, 2006;
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Vogel et al., 2008; Marshall et al., 2009a, 2009b; Vogel
et al., 2009; Bastian et al., 2010). An alternative hypoth-
esis suggests that their large body size is an adaptation
to environments characterized by the unpredictable
availability of high-quality resources, as animals with
large body size can take advantage of lower-quality food
resources and store more energy for times of food short-
age (Wheatley, 1982, 1987; Lindstedt and Boyce, 1985;
Knott, 1998). The Dipterocarp forests of Southeast Asia
exhibit masting cycles that include extended periods of
fruit scarcity, providing a strong selective pressure that
could have shaped the large body size of orangutans
along with several other unique features of their biology
(e.g., relatively solitary lifestyle, exceptionally long inter-
birth intervals) (Wich et al., 2004; van Noordwijk and
van Schaik, 2005; Knott, 2005; Knott et al., 2009).
Orangutans thus present an interesting case study for
investigating the relationships among body size, ener-
getics, and ecology (Wheatley, 1982). Furthermore, cross-
species comparisons of great ape ecology are important
for enabling more comprehensive reconstructions of the
ecology of extinct primates, including hominins.

Finally, understanding the relationship between indi-
cators of health—such as body mass—and habitat dis-
turbance is especially relevant for Bornean orangutans.
Bornean orangutans are classified as endangered as
their population has declined by over 50% over the last
60 years (Wich et al., 2008; IUCN, 2014). This sharp
decline is attributed primarily to forest loss and frag-
mentation (Marshall et al., 2006; Meijaard et al., 2012),
and currently over 75% of the known distribution of Bor-
nean orangutans falls outside of protected areas (Wich
et al., 2012). Forest conversion rates in Borneo are
among the highest in the world (Curran et al., 2004;
Sodhi et al., 2004; Wich et al., 2012) and the island is
increasingly characterized by a complex matrix of plan-
tations, coal mines, logging concessions, and human hab-
itation, interspersed with natural forest fragments of
varying size and shape (Wich et al., 2008; Meijaard
et al., 2011; Wich et al., 2012). In East Kalimantan,
these fragments and the surrounding plantations have
been found to harbor substantial populations of orangu-
tans (Meijaard et al., 2010a). Orangutans frequently
consume the cambium of young Acacia mangium trees
and the inner pulp of immature oil palm trees, which
often causes conflicts with plantation managers and
local people (Meijaard et al., 2011; Ancrenaz et al.,
2014). However, orangutans rely heavily on natural for-
est patches within and surrounding these plantations for
resources and as nesting sites; similar patterns have
been observed in Sumatran orangutans living in mixed
agro-forestry habitat (Campbell-Smith et al., 2010,
2011a, 2011b) and Bornean orangutans living in oil palm
plantations in Sabah (Ancrenaz et al., 2014) suggesting
that orangutans cannot survive in plantation monocul-
tures alone. Overall, the specifics of habitat use and the
ability of these habitats to support viable orangutan pop-
ulations remains unclear. Measures of health status
such as body mass can provide further information
about the viability of these orangutan populations and
can help determine how such landscapes can be inte-
grated into orangutan conservation.

Despite their relevance to orangutan ecology and con-
servation, accurate body mass measurements are rare
because they are extremely difficult to obtain. The only
weights for wild orangutans published to-date were
those of Dr. W.L. Abbott, obtained from specimens col-

lected during surveys and expeditions in 1907. These
weights were first reported by Lyon (1907, 1908, 1911)
and then reanalyzed by Eckhardt (1975). Markham and
Groves (1990) re-examined the original specimens and
determined that several individuals who were not fully
adult had been included in the original sample. They
omitted these individuals and added to the sample a sin-
gle adult Bornean orangutan female weighed by another
author (Schultz, 1941). This left them very small sam-
ples sizes (Bornean orangutans: n 5 4 flanged adult
males and n 5 5 adult females; Sumatra orangutans: n
5 1 flanged adult male and n 5 2 adult females) upon
which their final determination of body mass for wild
orangutans was based.

Here we expand this sample by reporting body mass
for wild Northeast Bornean orangutans (Pongo pyg-
maeus morio) captured during relocation efforts in plan-
tation landscapes in East Kalimantan, Indonesia.
Plantation landscapes are heterogeneous, consisting of
planted stands of various ages but also natural forest
patches of varying size (5–60 ha) and quality, as planta-
tion companies are required by Indonesian law to leave
10% of concessions forested. Orangutans found in iso-
lated forest patches must sometimes be relocated to
larger forest patches or forest preserves. As animals are
immobilized during this process, it is possible to obtain
body mass measurements that can provide information
relevant to ecology and conservation.

METHODS

Study sites

All orangutans weighed for this study were captured
between 2006 and 2012 in two landscape types in the
Kutai Timur and Kutai Kartanegara districts of East Kali-
mantan, Indonesia: forestry plantations (FP) and oil palm
estates (OP). The FP study area consists of �200,000 ha of
fast-growing Acacia mangium and Eucalyptus spp. of vary-
ing age interspersed with patches of degraded forest. This
study area is managed by two companies [PT Surya
Hutani Jaya (SRH) and PT Sumalindo Hutani Jaya
(SHJ)] and was first cleared for planting in 1993 (Fig. 1).
Orangutans were first reported using this area in 1996.
The OP study area covers �20,000 ha and is managed by
several companies [PT Telen, PT Sawit Prima Nusantara
(SPN), PT Telen Prima Sawit (TPS), PT Gemilang Sejah-
tera Abadi (GSA), and several concessions owned and
managed by local communities] (Fig. 1). These estates
were established between 2006 and 2007, and orangutans
were first observed eating young palm trees in 2011. Kutai
National Park (�200,000 ha) is the only protected area in
the region, and may serve as a local source and refuge for
orangutan populations in areas near the park (Fig. 1).

Procedure for orangutan capture and relocation

Not all orangutans that use plantations are relocated;
most are allowed to range freely by plantation manage-
ment. However, in recognition of the growing use of
these landscapes by orangutans, all plantation compa-
nies included in this study have established an Orangu-
tan Rescue Team (ORT) trained in orangutan ecology,
behavior, and relocation by Dr. Yaya Rayadin, who has
over 10 years of experience working with orangutans.
When orangutans are observed in situations that pose a
danger to their safety or that of human inhabitants, Dr.
Rayadin and the ORTs make a decision about relocation.
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Variables considered include forest cover, connectivity,
patch size, distance from nearest natural forest patch,
and other factors that might influence the likelihood of
conflict with humans (distance to nearest village, offices,
or staff habitation). Relocation is always the last resort
and is only done when there are no viable alternatives.

If an orangutan must be relocated, a team consisting
of the ORT plus Dr. Rayadin, one veterinarian, three
paramedics, and two staff from BKSDA (the local conser-
vation authority) is dispatched. The orangutan is cor-
nered in a low place in the trees and darted using
appropriate dosage of 10% Ketamin and 10% Xylazin
(Indonesia Law: Permenhut No 48/2008 and Permenhut
No 53/2014). The team assembles beneath the orangutan

with a sheet, catches the orangutan after the anesthesia
takes effect, and transfers the orangutan to a cage.
Mothers and infants are placed in separate cages to pre-
vent injury to both parties. While the animal is immobi-
lized an assessment of age-sex class is performed and
the individual is weighed (Fig. 2). If the individual is
captured before 1,400 h they are immediately taken to a
release site (the nearest forested area >30,000 ha in
size) and released that same day after behavioral obser-
vations indicated they have recovered from the anesthe-
sia. If the individual is captured after 1,400 h they are
held overnight and released the following morning.

Data collection

An experienced observer (Dr. Rayadin) estimated age-
sex class conservatively to avoid classifying immature
individuals as adults. Females were classified as adults
if they had a dependent offspring; otherwise, they were
classified as immatures. If adult males had flanges that
extended laterally beyond the border of the face they
were considered flanged; if they did not, they were con-
sidered unflanged. Unflanged males were categorized as
adults if they had roughly adult body dimensions and
had lost the lighter juvenile facial pigmentation; other-
wise they were classified as immatures. Body mass was
obtained by weighing the individual in the cage, and
then subtracting the known weight of the empty cage
from the total weight.

Reanalysis of previously published orangutan
body mass measurements

To determine differences between our body mass data
and those published previously for Bornean orangutans,

Fig. 1. Location of study sites (forestry plantations and oil palm estates) and Kutai National Park in East Kalimantan,
Indonesia.

Fig. 2. Obtaining body mass data from captured orangutan.
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we needed access to individual body mass measure-
ments. Only means and ranges were presented in the
most recent analysis performed by Markham and Groves
(1990), so to obtain individual measurements we
returned to the original data sources (Lyon, 1907, 1908,
1911). Upon reexamination we found small inconsisten-
cies in Markham and Groves’ (1990) reanalysis and pre-
sentation of these data. For example, they report
excluding two of the five Bornean orangutan males pre-
sented in Lyon (1911) due to the fact that these males
were not fully adult; however, in their final estimation of
adult male body mass they report a sample size of n 5
4, not n 5 3. There are also some small discrepancies
between the final means we calculated based on Lyon’s
(1911) data and those reported by Markham and Groves
(1990). It is impossible to determine the source of these
inconsistencies because Markham and Groves (1990) did
not report all individual body mass measurements. We
also chose to exclude the one measurement for a Bor-
nean female included in Markham and Groves (1990)
that was provided by Schultz (1941), since this measure-
ment was taken on a captive individual. Thus for com-
parative purposes we reanalyzed Lyon’s (1911) original
data, following the guidelines of Markham and Groves

(1990) and excluding all individuals that were not
recorded as adult or were reported as being gutted
before weighing. This left us with a sample size of n 5 4
adult males and n 5 4 adult females for body mass
measurements of Bornean orangutans reported in previ-
ous studies.

RESULTS

Body mass for adult males (n 5 12 flanged and n 5 5
unflanged), adult females (n 5 7), immature males (n 5
4), and immature females (n 5 5) from our study are
presented in Table 1. When compared to the body
masses for adult Bornean orangutans obtained by exam-
ining data presented in a previous study (Lyon, 1911)
(Table 2), the average body mass of flanged adult males
in our study is 13.6% lower (our study: n 5 12, mean: 74
6 9.78 kg, Lyon: n 5 4, mean: 85.62 6 5.96 kg; Mann–
Whitney U 5 44, P < 0.05) and the average body mass
of adult females is 9% lower (our study: n 5 7, mean:
35.29 6 7.32 kg, Lyon: n 5 4, mean: 38.78 6 5.31 kg;
Mann–Whitney U 5 19, P > 0.05). The degree of sexual
dimorphism is also slightly lower for our sample; Lyon’s
data indicate that that adult females were on average
45.3% the size of flanged adult males, but for our study
this figure is 47.8%. Flanged adult males captured in oil
palm (OP) for our study were smaller, on average, than
those captured in forestry plantations (FP), with females
exhibiting the opposite pattern, although samples sizes
were too small to test statistically (Female OP: n 5 3,
mean 5 40.67 6 6.66 kg, Female FP: n 5 4, mean 5
31.25 6 5.19 kg; Flanged male OP: n 5 7, mean 5 73.11
6 5.67 kg; Flanged male FP: n 5 3, mean 5 76.67 6
19.55 kg).

DISCUSSION

The body mass measurements for adult individuals
reported here are on average lower for both flanged
adult males and adult females than those from the only
previously published data on wild Bornean orangutan
body mass (Lyon, 1911). This difference was more pro-
nounced for males than for females, with average
flanged adult male body mass for this study significantly
lower than that reported by Lyon. Interestingly,
although average adult body mass reported in our study
was lower, we reported a wider range of body mass
measurements for both sexes than did Lyon.

TABLE 1. Weights (kg) for orangutans recorded during this
study

ID Weight Habitat Infant/Mother

Flanged adult males
Je 58 FP N/A
Ha 62 OP N/A
Kl 68 OP N/A
Ti 69 OP N/A
Ka 74 OP N/A
Da 74 OP N/A
Kr 75 FP N/A
Yo 76 OP N/A
Jo 78 OP N/A
Ss 78 OP N/A
Sa 79 OP N/A
Su 97 FP N/A
Mean 74
Unflanged adult males
Be 28 OP N/A
Ga 36 OP N/A
El 38 OP N/A
Ph 51 OP N/A
Nu 58 FP N/A
Mean 40.5
Adult females
Ri 25 FP Rr
De 29 FP Dr
Ka 35 OP Ki
Re 35 FP Rn
Nn 36 FP Na
Bo 39 OP Br
Ro 48 OP Rs
Mean 35.29
Female immatures
Ki 6 FP Ka
Rn 5 FP Re
Dr 5 FP De
Se 12 OP N/A
Ru 21 FP N/A
Male immatures
Rr 6 FP Ri
Na 7 FP Nn
Br 9 OP Bo
Rs 13 OP Ro

TABLE 2. Weights (kg) for orangutans recorded by Lyon (1911),
with immature or gutted individuals excluded following Mark-

ham and Groves (1990)

Catalog number Weight

Adult males
145301 90.72
145304 81.65
145305 79.38
153823 90.72
Mean 85.62
Adult females
145300 32.66
145302 45.36
145306 37.20
153805 39.92
Mean 38.78

Catalog numbers are the originals provided by Lyon (1911) and
are provided to permit identification of specimens.
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We see three possible explanations (not mutually
exclusive) for the differences between our results and
those obtained from Lyon’s (1911) data. First, differences
between Lyon’s data and this study may be an artifact of
sampling. The sample size obtained from Lyon’s data
was relatively small (4 males and 4 females), and the
individuals were all from northwestern or southwestern
Borneo (Lyon, 1911). There is well-documented geo-
graphic variation in ecology, behavior, and morphology of
orangutans across their range (Wich et al., 2009), which
has resulted in the Bornean species (Pongo pygmaeus)
being divided into three subspecies: the Northwest Bor-
nean orangutan (P.p. pygmaeus), the Central Bornean
orangutan (P.p. wurmbii), and the subspecies that is the
focus of this study, the Northeast Bornean orangutan
(P.p. morio). P.p. morio may have developed specialized
morphological and behavioral strategies in response to
pronounced resource scarcity and unpredictability in
eastern Borneo (e.g., Taylor, 2006, 2009; Knott et al.,
2009; Singleton et al., 2009; van Schaik et al., 2009). For
example, P.p. morio exhibits smaller cranial capacity
and larger, more robust jaws than Sumatran or other
Bornean orangutan subspecies (Taylor, 2006, 2009), pre-
sumably as adaptations to diets that include a higher
proportion of difficult-to-process fallback foods such as
pith and inner bark. These differences may extend to a
reduction of metabolically expensive large body size in
P.p. morio.

A second possible explanation for the differences
between our study and Lyon’s data, specifically the large
range in body sizes for adults reported in our study, is
the difference in methods for determining maturity
between the studies. Orangutans can exhibit delayed
physical maturity, continuing to grow and develop well
after sexual maturity is achieved (Fooden and Izor,
1983; Galdikas, 1985). This is especially true for adult
males, who exhibit two different morphs—flanged and
unflanged—and may live for years as unflanged males
before transitioning into the flanged state (Utami et al.,
2002; Utami Amoko et al., 2009). Lyon (1911) used the
emergence of the third molar as a measure of maturity
for both males and females, and the reliability of this
feature in determining maturity was later confirmed by
the examination of the skulls of the same specimens for
the closure of the spheno-occiptal suture, usually consid-
ered a definitive measure of maturity (Markham and
Groves, 1990). Examining these features were not possi-
ble for our study animals, and we relied instead on a set
of indicators that included the presence or absence of
secondary sexual characteristics (such as laterally
expanded cheek pads in the case of adult flanged males),
other indirect indicators like body dimensions and facial
pigmentation, and in the case of females, the presence of
dependent offspring. We are confident in our classifica-
tion of adult females, since all adult females in this
study had a dependent offspring, which is usually a good
indicator of physical maturity in wild animals, and in
our classification of flanged adult males, who all clearly
exhibited laterally expanded cheek pads. “Full maturity”
is more difficult to determine for unflanged males and
although we are confident in our assessments it is possi-
ble that males included in our unflanged adult male
sample may not have been fully mature. In general, we
acknowledge that the different measures used to gauge
maturity for our study and Lyon (1911) may have led to
some differences in the categorization of individuals and
the possible inclusion of individuals who were not fully

mature in our sample, contributing to the differences
seen between the studies.

Finally, habitat disturbance and heterogeneity may
explain the lower averages but wider range of adult
male and female body mass measurements reported
here. All orangutans included in this study were cap-
tured in forestry and oil palm plantations. Disturbed
landscapes can reduce individual health and body condi-
tion due to reduced resource availability/quality,
increased exposure to predators, or increase in contact
and conflict with humans (Chapman and Peres, 2001;
Irwin, 2008a,b). Such physical deterioration can be seen
in measures of physiological condition (e.g., parasite
load) and reduced body mass (Irwin et al., 2010). This
may be evidenced in the orangutans in our study, with
an interesting caveat: the fact that the range of body
mass for flanged adult males and adult females in our
study was so wide suggests that some individuals are
doing well in these landscapes while some individuals
are subject to energetic stress. This may reflect the het-
erogeneity of resource distribution in plantation habi-
tats; some individuals may have had access to areas
with relatively abundant resources (e.g., young acacia
stands, or natural forest patches containing large fruit-
ing trees) while others may have been utilizing less
favorable microhabitats. Given the rapidly changing
nature of the plantation landscapes and the limitations
of our data set, we cannot correlate body mass with hab-
itat condition, but anecdotal evidence supports this
explanation. For example, one of the adult males with
the lowest body mass (El, 38 kg) was captured in a small
isolated natural forest patch (<10 ha) in an oil palm
plantation. According to plantation management he had
been living in this small patch for nearly six months. At
the time of capture he was extremely emaciated, pre-
sumably as a result of lack of access to resources (Fig.
3a,b). This suggests that without proper land-use plan-
ning, including maintaining large natural forest patches
and suitable connectivity between patches, plantations
cannot provide suitable habitat for orangutans. Further
study examining the behavior, ecology, and health of
orangutans living in human-dominated landscapes is
crucial to determining how to best manage these popula-
tions for long-term survival.

We acknowledge that this data set is limited and con-
clusions drawn from these data must be tentative. How-
ever, body size data from wild primates are crucial to
allometric studies focused on understanding the relation-
ship between body size and ecological and behavioral
adaptations (e.g., Jungers, 1985), and we present these
data so other researchers may use them. When the
unfortunate opportunity presented by orangutan reloca-
tions arises, we encourage researchers to collect informa-
tion on body mass as well as other physiological data
(e.g., blood samples to assess white blood cell count, min-
eral and protein content, and the presence of infectious
agents) that will allow us to monitor the health of orang-
utan populations (Kilbourn et al., 2003; Labes et al.,
2010). Researchers could also begin employing alterna-
tive techniques that do not require the capture of ani-
mals to obtain information about body mass.
Photogrammetry, or making measurements on photo-
graphs (Baker, 1960), has been used to estimate the
body size and condition of mammals, including some pri-
mates (e.g., McFadden et al., 2006; Breuer et al., 2007,
2012; Berger, 2012; Kurita et al., 2012). The growing
popularity of camera traps provides an opportunity for
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using such techniques to assess body condition in wild
primates, although care must be taken to maximize the
likelihood of obtaining standardized photographs.
Ideally, if researchers begin regularly collecting such
information for orangutans (and other primates), these
data could be contributed to an open-access database
that would allow comparisons of body mass/conditions
across a range of geographic locations and habitat types,
and could provide the ability to monitor population sta-
tus over time. As orangutan habitat becomes increas-
ingly fragmented and altered by humans, the need to
make conservation decisions about orangutans living in
human-dominated landscapes will become more fre-
quent. Baseline data on body mass and physiological
indicators of health from populations living in less dis-
turbed settings and comparative data from animals liv-
ing under various regimes of disturbance will be critical
to our ability to make informed management decisions.
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