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Abstract
Gibbons of both sexes have been observed emigrating from their natal groups, but the consequences of dispersal
in gibbons are poorly understood, and it is unclear whether these are the same for both sexes. I sequenced a
350‐bp fragment of mitochondrial DNA from 18 adults in seven siamang (Symphalangus syndactylus) groups at
the Way Canguk Research Station in southern Sumatra to assess patterns of matrilineal relatedness among and
within siamang groups, and to assess their fit with different patterns of sex‐specific dispersal. A total of 11
haplotypes were identified in the seven study groups; 50% of adult males in five contiguous groups shared a
haplotype with a member of an immediately adjacent group, whereas only 16.7% of females shared a haplotype
with a neighbor. The apparent difference persisted if only same‐sex individuals were considered (37.5% of
males vs. 0% of females). Four of the seven study groups contained two adult males and a single adult female. In
three multimale groups, the three adults all had different haplotypes, suggesting that neither male was the
retained adult offspring of the female, whereas in the fourth group, the haplotype of one male was identical with
that of the adult female. The high diversity of haplotypes and the absence of clustering among female haplotypes
in the study neighborhood suggest that female dispersal to territories adjacent to the natal group may be
relatively rare. The presence of some clustering of male haplotypes suggests that shorter dispersal distances may
be more common in males.
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Gibbons of both sexes have been observed emigrating from their natal
groups, but the consequences of dispersal in gibbons are poorly understood, and it is unclear whether these are the same for both sexes. I
sequenced a 350-bp fragment of mitochondrial DNA from 18 adults in
seven siamang (Symphalangus syndactylus) groups at the Way Canguk
Research Station in southern Sumatra to assess patterns of matrilineal
relatedness among and within siamang groups, and to assess their fit with
different patterns of sex-specific dispersal. A total of 11 haplotypes were
identified in the seven study groups; 50% of adult males in five contiguous
groups shared a haplotype with a member of an immediately adjacent
group, whereas only 16.7% of females shared a haplotype with a neighbor.
The apparent difference persisted if only same-sex individuals were
considered (37.5% of males vs. 0% of females). Four of the seven study
groups contained two adult males and a single adult female. In three
multimale groups, the three adults all had different haplotypes, suggesting
that neither male was the retained adult offspring of the female, whereas
in the fourth group, the haplotype of one male was identical with that of
the adult female. The high diversity of haplotypes and the absence of
clustering among female haplotypes in the study neighborhood suggest
that female dispersal to territories adjacent to the natal group may be
relatively rare. The presence of some clustering of male haplotypes
suggests that shorter dispersal distances may be more common in males.
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INTRODUCTION
Gibbons (family Hylobatidae) are found primarily in groups containing a single
adult of each sex, which suggests that maturing gibbons of both sexes typically
emigrate from their natal groups. However, the consequences of natal emigration
(e.g., dispersal distance, probability of mortality during emigration, probability of
acquisition of a mate and territory) in gibbons are not well understood, and it is
unclear whether these are the same for both sexes. Several previous studies report
observations of relatively short dispersal distances for both male and female gibbons [e.g., Chivers & Raemaekers, 1980; Raemaekers et al., 1984; Srikosamatara,
1984; Brockelman et al., 1998]. However, small group sizes and slow life histories
have sharply limited the ability of researchers to document dispersal for gibbons,
and the limited geographic scale of most gibbon studies has meant that the fates
of many dispersers is unknown [Leighton, 1987], which produces a bias toward
observation of short dispersal distances [Koenig et al., 1996].
Mitochondrial genetic data have been employed to evaluate patterns of
dispersal and relatedness for several primate populations [e.g., Gerloff et al.,
1999; Faulkes et al., 2003; Kappeler et al., 2002]. Short dispersal distances by
members of either sex may lead to geographic clustering of mtDNA haplotypes.
Clustering of female haplotypes has been reported for several primate species
with male-biased dispersal patterns [e.g., Kappeler et al., 2002; Wimmer et al.,
2002; Faulkes et al., 2003], and clustering of male haplotypes and matching young
male-older female haplotypes have been reported in species with female-biased
dispersal patterns [Gerloff et al., 1999].
As a preliminary step toward understanding siamang dispersal patterns, I
sequenced a segment of mitochondrial DNA to explore patterns of maternal
relatedness within and between six neighboring siamang groups at the Way
Canguk Research Station in southern Sumatra, and to assess their fit with
different sex-specific dispersal patterns.
METHODS
Study Area
The Way Canguk Research Station is located in the Bukit Barisan Selatan
National Park on the island of Sumatra, Indonesia. The research area, which is
run collaboratively by the Wildlife Conservation Society-Indonesia Program
(WCS-IP) and the Indonesian Ministry of Forestry’s Department for Protection
and Conservation of Nature (PHKA), encompasses 900 ha of lowland forest. A
165-ha area in the southeast portion of the study area was damaged by fire
associated with the El Niño–Southern Oscillation (ENSO) event of 1997. The
home ranges of 36 groups of siamangs are found within or partially within the
research area. Siamang group density in the unburned portion of the study area is
approximately 4.11 groups/km2 [O’Brien et al., 2003].
Genetic Data Collection
Fecal samples were collected opportunistically between May 2001 and March
2002 from members of seven habituated siamang groups that were being observed
as a part of other studies [Lappan, 2005; O’Brien et al., 2003] (A. Roshyd,
unpublished data).
I placed approximately 2 ml of fresh fecal material in an 8 ml sterile vial with
approximately 4 ml of RNA-laters (Ambion Inc., Austin, TX). Samples were then
stored at ambient temperature in the field for 1–21 days, and were then frozen in
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TABLE I. Primers Used for Amplification and Sequencing of a 350-bp Fragment of
the HV1 Region of Siamang Mitochondrial DNA
Type

Direction

Amplification

Forward 1
Reverse 1
Forward 2
Reverse 2
Forward 1
Forward 2
Reverse 1
Reverse 2
Reverse 3

Sequencing

Primer sequence (50 –30 )
CCAATACACCGGTCTTGTAAGCCGGA
TGGAGAGCTCCCGTGACTGGTTAATAGG
AGCTGTTTTGAGTACAACCCTAGTACAACC
CGGGATGTTGATTTCACGGAGGATGCTGG
ACATTACTGCTAGTCC
AAGCAAGCACTAGAATCC
TGGAAAGCTCCCGTGACTGGTTAATAGG
TGTGAGTTGATTGTGGATTGG
CCGAGAGGTAAGAACC

a standard household freezer (o01C) in Indonesia for a period of 6–18 mo.
Samples were thawed for shipping from Indonesia to the United States (total time
at ambient temperature of approximately 7 days), then frozen at –801C prior to
DNA extraction and sequencing, which was conducted between September 2002
and March 2003 (0 to 6 mo following transport to the United States).
Extraction and sequencing was conducted at the New York University
Molecular Anthropology Laboratory. I extracted whole genomic DNA from the
fecal samples using the QIA-amp Stool Mini-kits (Qiagen Inc., Valencia, CA) and
manufacturer-supplied protocols. Then, using the polymerase chain reaction
(PCR), I amplified a 350-base-pair fragment of the Hypervariable-1 (HV1) region
of the mitochondrial genome from each individual using two sets of primers
designed by Kirsten Sterner from published gibbon d-loop sequences [Roos &
Geissmann, 2001]. I then purified and sequenced the amplified fragments using
either an ABI Prisms 373 Automated Sequencer (Applied Biosystems Inc., Foster
City, CA) with Dye-Terminators chemistry (Applied Biosystems Inc.) and
manufacturer-supplied protocols, or an ABI 310 Automated Sequencer with
ABI Big Dyes chemistry (Applied Biosystems Inc.) and manufacturer-supplied
protocols. I fully sequenced the relevant region in both directions, and aligned and
compared the resulting sequences using Sequencher software (Gene Codes Corp.,
Ann Arbor, MI) and the default settings. Alignments were then optimized
manually. Primers are described in Table I.
To exclude the possibility of human contamination, positive controls were
conducted employing the author’s DNA as a template. Human mitochondrial DNA
failed to amplify using the gibbon-specific HV1 primers and the optimized protocols.
Amplification of nuclear DNA from the extracted siamang DNA was possible,
but proved difficult, with fewer than one in three attempts resulting in a usable
product, whereas mitochondrial DNA amplified readily. For this reason, the
sequences produced using the gibbon HV1-specific primers were assumed to
reflect actual mitochondrial sequences, rather than nuclear inserts. To confirm
this assumption, DNA from three known mother–offspring pairs was sequenced
to confirm sequence matching between matrilineal relatives. In each case, the
sequences were a perfect match.
RESULTS
Distribution of Haplotypes in a Neighborhood
A total of nine haplotypes differing by one to 21 base-pairs were identified in
15 adults in six neighboring groups south of the Canguk River (Fig. 1), and two
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Fig. 1. Approximate territories and HV1 haplotypes of siamang adults south of the Canguk River.
Circles indicate adult females, triangles indicate adult males. Each known haplotype is indicated by
a unique number (1–9). ‘‘Burned Area’’ indicates habitat damaged in the El Niño–Southern
Oscillation wildfires of 1997.

additional haplotypes were identified in a three-adult group north of the Canguk
River. The sequences have been submitted to GenBank and given the accession
numbers DQ862100–DQ862117.
As the mutation rate in the hominoid HV1 region is approximately 7  10–3
point mutations per generation in a fragment of this length (calculated using
rates published by Howell et al. [2003]), individuals have a very high probability
of having identical HV1 haplotypes with their mothers and maternal siblings. The
probability of having identical haplotypes remains above 95% for individuals
separated by fewer than seven transmission events. Therefore, individuals with
different haplotypes are unlikely to be close matrilineal relatives.
In contiguous groups B, C, F, G, and S, a higher percentage of adult males
(50%, n 5 8) than adult females (16.7%, n 5 6) shared a haplotype with at least
one member of an immediately adjacent group. This trend persisted if only samesex individuals were considered (37.5% of males vs. 0% of females). The presence
of multimale groups (and absence of multifemale groups) in the neighborhood is
not sufficient to explain this pattern, as the clustering of male haplotypes involves
members of different groups.
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Distribution of Haplotypes Within Groups
While gibbons are generally described as socially monogamous, there have
been reports of gibbon groups containing three or more adults (reviewed by
Fuentes [2000] and Reichard [2003]). In most cases, information about the
stability of these groups is unavailable. However, multimale groups of Hylobates
lar at Khao Yai were stable in composition for over a year [Brockelman et al.,
1998; Sommer & Reichard, 2000]. In this study, four of the seven groups
contained two adult males (adulthood being defined by a fully adult appearance,
including fully erupted canines, and the observation of adult social behaviors,
such as participation in territorial defense, coordination of activities with the
adult female, and participation in vocal duets), and multimale grouping persisted
for periods of several years. In three of the four multimale groups, all three adults
had different haplotypes (Fig. 1; haplotypes in group A: adult female 5 11, adult
male 1 5 10, adult male 2 5 2), which suggests that in these groups, neither adult
male was the offspring of the adult female, and that adult group members were
not maternal siblings. These data suggest that established pairs may under some
circumstances accept adult male immigrants, or that adult male ‘‘stepsons’’ of the
adult female may be retained in the group. In group F, one adult male shared a
haplotype with the adult female. With the exception of female F, each adult
female in the study had a haplotype differing from that of each male in her group.
DISCUSSION
While previous siamang studies report observations of both males and females
transferring to neighboring groups [Chivers & Raemaekers, 1980; Palombit, 1992,
1994], observations of solo calling by maturing or unmated adult males on the
periphery of the home range [Chivers & Raemaekers, 1980; Palombit, 1992] and
‘‘floating’’ females [Chivers & Raemaekers, 1980] suggest that females may spend
more time not associated with social groups, and may disperse greater distances than
males. In this study, the presence of multiple haplotypes among adult females,
coupled with the absence of clustering of female haplotypes, suggests that maturing
female offspring in the study neighborhood did not typically emigrate to neighboring
groups. The presence of some clustering of adult male haplotypes suggests that short
dispersal distances among males in this population may be relatively common, but
the presence of several unique male haplotypes in the study area, and observations of
male disappearances from the study neighborhood [Lappan, 2005] suggest that male
dispersal distances in the study area may be variable.
Female transfer to a group adjacent to the natal group may be rare for one
of two reasons. Females may generally transfer to more distant areas, or female
mortality prior to or during transfer may be very high, making successful female
transfer rare on any spatial scale. Two subadult females in the study population
were aggressively evicted from their purportedly natal groups by adult females,
and subsequently disappeared from the study neighborhood [Lappan, 2005]. If
aggressive eviction of female offspring is common at Way Canguk, then maturing
females may be forced to seek breeding opportunities in areas distant from the
natal group, rather than waiting for breeding positions to become available in
nearby groups. Several researchers [Leighton, 1987; Mitani, 1990; Palombit,
2000] have argued that dispersal-related mortality for gibbons is high, but to date
a sex difference in dispersal-related mortality in gibbons has not been
documented. At Way Canguk, the available siamang habitat is saturated [O’Brien
et al., 2003], rates of mortality among breeding adults are low (T. O’Brien and
M. Kinnaird, unpublished data), and nonterritorial adult-sized animals (floaters)
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are rare, which suggests that competition for breeding opportunities is intense.
The fact that second adult males (but not second adult females) were found in a
number of siamang groups suggests that relative to females, maturing males at
Way Canguk may have a broader set of behavioral options (including delayed
dispersal and formation of polyandrous groups), which may lead to sex differences
in dispersal-related mortality. Further demographic research and genetic studies
including samples from a broader geographic range would be required to better
understand the effects of sex-specific mortality and dispersal patterns on the
distributions of siamang haplotypes in a neighborhood.
The study neighborhood was small, and sampling was incomplete (e.g., groups
L and U were not sampled). Therefore, it is likely that some study adults had
additional nearby matrilineal relatives that remained undetected. Given the
limited sample size, the high haplotype diversity detected in the study neighborhood is surprising, and may reflect greater-than-anticipated mean female dispersal
distances, or very high female dispersal-related mortality. However, it is also
possible that the haplotype diversity in the study neighborhood is related to its
proximity to an area severely damaged during the El Niño–Southern Oscillation
wildfires of 1997 (Fig. 1). No siamang groups at Way Canguk had home ranges
consisting entirely of fire-damaged habitat, which suggests that the fires
substantially reduced the area of appropriate siamang habitat, which may have
caused crowding in neighboring areas. Additional population genetic research in
disturbed and undisturbed areas would be helpful in determining the effects of fire
on patterns of dispersal and group formation in siamangs.
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